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NOMENCLATURE

ACRONYMS

AX.25 Amateur X.25

CCSDS Consultative Committee for Space Data Systems
cFS core Flight Software/System

FCS Frame Check Sequence

FSK Frequency Shift Keying

HDLC High—level Data Link Control

KISS Keep It Simple, Stupid

KMSL Korea Microgravity Science Laboratory
0BC On-Board Computer

0S| Open Systems Interconnection

POU Protocol Data Unit

PSK Phase Shift Keying

RF Radio Frequency

TLM Telemetry

TNC Terminal Node Control ler

- VIl -

Collection @ chosun



ABSTRACT

Applying Software Decoupling Techniques to Enhance Software
Reuse for processing data transmission and reception

packets between satellites and ground stations

Song, Moon-sik
Advisor : Prof. Lee, Jeong-A, Ph.D.
Department of Computer Engineering.

Graduate School of Chosun University

In recent years, a cube satellite (hereinafter referred to as CubeSat) has
attracted attention in the space sector, and its platform is being used to
perform a variety of scientific or technical satellite missions at low cost. To
successfully perform the satellite mission, the communication protocol with a
ground station must be carefully designed and established. Software reusability
is one of the important elements in implementing the communication protocol to
effectively reduce the system development period and its budget. This thesis
deals with the decoupling techniques for processing data transmission and
reception packets between CubeSat and ground station to enhance software
reusability.

Processing data transmission and reception packets which are coupled with the
CubeSat communication protocol such as AX.25 and KISS is a critical step in a
CubeSat communication with the ground station. Since processing data packets
coupled with the communication protocol is highly dependent on the types of
hardware used in the ground station, a source code for data packet processing in
the ground station software must be modified or re-developed by hardware
specifications if any hardware replacements are needed.

In this thesis, the packet processing program was newly—-designed on the basis

- VI -
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of the decoupling techniques and was tested with COSMOS, an open—-source program
for the ground station. The packet processing program was separately placed and
interfaced with the COSMOS to receive data packets from the CubeSat and transmit
data packets to the CubeSat. A series of successful communication demonstrations
between the CubeSat and ground station clearly shows that the packet processing
program developed as part of this study can successfully remove the hardware

dependency from ground station software and thus improve its reusability.
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cFS(core Flight System)[10, 11, 12]= 0I&tZ2<2F=2(NASA - National Aeronautics
and Space Administration) DH=X £ HE{(GSFC - Goddard Space Flight Center)Z
FSSB(Flight Software Systems Branch)OlA JHESt THAFE Jisst HI® ATEO
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t”g IE H I-_JIK_SI- A Ol[:|.'

7
y T =2 T M

0
o

X 4 cfFS Reusable Applications

Application &9
CFDP NAa=1 MY HOIHE &S
Checksum H2el, HOoIZ2 ¥ T HOole RZEHES ZA
- 9 —
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HdE HE2S Soll A8 240 @ AA2)2RH HES
Command Ingest £=4IBt0, oFE AZERIN HA(SB)E Sl iy 28 =
2o Hag MG
NA=0Z2E UDP/IP portE Soll CCSDS EAIQ HH IH
Command Ingest Lab 1S AR
A= T
Data Storage downlinkE <ol ®I4d AMH L &2 HOIHE JI=
File Manager o 22| E fst 9IHHOIA
. CtE HE2AHO0IENAM =&= OOIHE RJote gAMo=z
Housekeeping -
Mor=2
Health and Safety PO AMENE EHotLD Al
Limit Checker AHZS =UE M gtS 2LIHZHSID =XE &=
Memory Owel | 22 ®Xe LHes 38 5838 = JAEE X=X
Memory Manager H22E 256t €&
Ctest HERD Z2E22 Sof 2ZEHANH HA HAIK
Software Bus Network | - ¢,
Scheduler Olel 8oli&l EtOlY 2tH2 2 HIAIKE M4
Scheduler Lab 1= HR2 2tHst HAIKNE M4
Stored Command B & AHEQ AlZtCZ Holldl HEgs Mg
ME HXE Sol 28 Aol NA2)O2 2AAH =F
Telemetry Output S Masls oa= oo
E S Na=oe2 SHAQ HHE A2
Telemetry Output Lab LﬁJEIj\/IIP port o Al CCSDS l d

d. Mission Specific cFS Applications

Aol A0 LA
02 49 20l 542

RS HE2AHOIES NN AIESHCE.
cFE APIl, 4JH2l cFS Reusable Application,

Specific Applicationt 6JH2] Mission LibraryE AIEstCh.
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@

Telemetry Comman d House Data

Output Ingest keeping Store

4'_’ mm——
Inter-task Message Routers(SW Bus-Publish/Subscribe)

Software Executive Table
Bus Services Services
cFE core -
@) services O Mission app
© cFs app © Mission lib

12 4 KMSL Application Diagram

B. Xl&= AZESLI0 (COSMOS)

Ball Aerospace COSMOS[13]= 42 2% LU AIES s Na= 2ZEJHZ, H
a2 HH AMAES XJdts HIZECIEH Al RubyE MNEE E AA T2
OICH.

1. S3

o T A AAZEEHE L AQEE, AAIZE A SH A2, 220 2
A Utilities

® TCP/IP, UDP & Serial &= S8 interface M2
CHAMDFOl ATAIZE SAI0IA OIRHE 2E command®t telemetry AE2JF &1 IOt
ado IS

e = tool2 YUt HIAE HAFH MIEE 4

e =St HIOIE A&

e UHS AJZE

® (Cross platform : Windows, Linux & Mac OSXE Xl &

2. 22 Z20d 2 20

HAES MEOY GHOIH(OASHE, HAE HA)E Al2goll] KssieEl AJEEES
MMGIH 21 HOIY2S 2460 | SH2 ZLHEE £ JAs 88 T2 08 NE
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a. Launcher

1= A

=ls

18s Aot

H

010
010

-

Al
JIJ

COSMOS AlAEIS 40

=
[

Launcher

Ck.

I

S
[l

b. Command and Telemetry Server

EX QIEHHOIAE N

2= command

tCH.

<)
ustd

on
ioll

2t SH S

A Al

CosMoS<

—
—

Command and Telemetry Server

H

T2

1L

telemetry packetOl Of

=<

al

i
o

]I

2ugd, W3

Mgt

2]
=]

KIr

o)

0

(u]

Command Sender

c..

_

= IHHIOIASE MSE

otJl et

CFSES

Ju

Command Sender

<0
KJ

M
UL

0t

i

ok

50
&0

ulJ

ar

History pane(LH

= UL

iofl

d. Packet Viewer

IH

[
ulJ

= 2

Packet Viewer= &2

2

ttt

=

=

JIEF OfLIGIOIE CIAZ 40l

=<

ol

CH

e. Telemetry Viewer

Telemetry Viewer

U

iofl

i
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Telemetry Grapher

f.
Telemetry Grapher=
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g. Data Viewer
Data Viewer= CHE 0OI0

A 24 A2AE M

h. Handbook Creator

Handbook Creator= A2 Jt=8 Command

SHE MABEIL,

< £

&l AlZtst THS CHE Ol

[el3
=

EN

i
[

Palss

2 Telemetry packetOll CHst

html € pdf

i Housakaaning Data dject:

Targat: 'CF = Command; CFALAVEACK.FLE ~ Start St Takt ]
s eription: Fie Downkad Suconds Plotiec 10000 ]
Patameters: Pricks Saveds [ 10000 |
Nama Jalue or St urits. Dzcription ¥
S0, STREAMID 6323 Fackst Indentrication
LOS05_SEQUENCE: 4B152 Packet Segquenca Counter
CCEDE LENGTH 14 Facket Diska Langth :
CEEDE CHECKSUM o CL50% Command Checkum U'L_“\;;rf;;‘:;m s
A0S FUNCICOE, 2 Coenenand Funcion Code T BAT_BOARD TEME
ciacs TELASEE 2 CFOP Class 1 or 2 HETEM_PET
cunne ° Zers based Channel rumber ke
ERIZRTY, L] Zere bavad ey, max 255
pezsiRvE | WEEE 1 Dslensis or Kespit) e
PEERENTITVID: 62 Poernty TP MAK CFE VLU 20
s 144750971 45050171
Packat Telernetry  Telematry Data Viewes szw SRCFLENAME elrappsictsn PathFRename to sand Tins (Seconds)
L e DSTRLENAME:  CROOEMOGHEE Fath=tecame 1 destination BT P IEWE
TLM FKT EPS  BOARD

i TO ERABLE TELEMETAY wity
CSDSSFODE‘}" 4282, CCSDS_LENG

E.mnns e sty (Pressin Enter on he e e sueciies the comned)

T BT L0 SE U

SIS? CCSDELENGTH | COSDE, CHEﬂGlM ] CCS»S FUNCCODF s
I" EESD:_CHECK..JLMO

e
MP TG HE_TLM_PKT TEMPERATU

_—

TTLM_PKT BAT BOARD

Config Edtor Handscok  Tabke DART CCSDE FINCCODE & —
e Manigar AT ENABLE.TE Pict Ediied
e . g
Wpedaces | Tamets  CmdPackets  TimPackets  Foulers  Lopging  Shus
nmertice  ComnectDiconeect Connected? Chents TeQSize RyQSme Sy T BrlesRx | CmdPhs | Thn Phis  veew Raw |
CFOR_NT Ontannect: a a o a TrgaT2 o 264 iew Raw
KMSLINT | Disgonnect 2 [} [ a8 B8 5 130w R ;
1 | P ]
TB0IE] TEAD THITIE
2 2030/70402 1504974
- 3 THUIET PR TATTES
(20610 14361657 INFD Tepp serms accesmd commertion hom (12780 125 GO VRO 4
FO: e 10 ADDF TLMPETS it CES05.STREAHE) 6272, CCS0S.SEQUENCE 40150 CSDS.LENSTE | 4 == =
H— QJM n l:Cﬂ'.l'J‘JNr‘CDI‘h 3] 5 2
| e 18 9" AiFD: oot TO EMABLE TELEMETRY. with CCSDS_STREAMD 6272, CCS0S SEOUENCE 49162 COSDSLENGTH
.n rcsus_cnecxs.m 1. GosD _ruuc, oan 1P _ADTF 192 18R L5 # ]
| oy TELEMETRY Wil ccsn’ STREAMID R72. CCRIS.EEDUENCE 49152 COBISLENGTH 2
TR S 122 10 7
|20en TELEMETR anh £ES0S_STREAMD 172 25t SEQUENCE 43182, CCSD8 LENGTH ]
17 CCSDS. 1, CCSOS_FUNCCODE 5, 1P_ADDR 15218805
10147 sm 341 EQS Tenp sarse Inst resd connacion 1o l‘f! sl

Loy
201018 It\lgfh A7 INFO. Tepip sarver lost wiike connecton fo f|2i| IlG.II
| 2000/ 10,02 164205 20 HFD- Tepip ser accested connection from L

3t
63

=\

L C0SMBS Packet Time (UTC, Fioeing poiet. Lints epacht

—1& 5 COSMOS Tools

(“/Collection @ chosun
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i. COSMOS E0d

g0 o
A

Target COSMOSO} Q1D HHS s2pE 2 8

CHAMOI Hl commandE EWHLE telemetrysS £=8E £ Qs

Inter face BHHS M3t Ruby 2eHA

Command & telemetry IH2!= & 2|5t COSMOS application=

Configuration File OB A Ole BIAE TN HP%

Tool COSMOS applicatione CtE 0|2

Ile HXE HXD|(Modulator)2t &tCH. BtUHZ2 £
Demodulator)et:d
O AMEE0, HED]
StM A modemOl2t) SHCH. WHO 2 (modem)2 ol =4

=2
=
12, R3S FAFRH 450 4L AZEQNHZ RS ®0| &

—

? =41 20| d2E+2 UEtWe AS2 A, 3012 Itet0lE
x

(M=, Fh=, fI4)E AL, A= &S99 K= (amplitude), Ff= AZ2 FIb=

_{

(frequency), ¢= <&t (phase)S LIEFHCE
CIXE HXo Jl2 "t d&EHs= 452 S40 WMt ASK(Amplitude Shift
Keying — &= B1X), FSK(Frequency Shift Keying - =It= H=X), PSK(Phase Shift
5) O 2F

S2g =Fotd, CXE UolH

=1

20l HE mae 1

_14_
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Digital input 1 O 1 E 1 O

FSK

PSK

2 6 ASK, FSK and PSK modulation

£

® ASK : Bt £ Z3¥ote g4l

® FSK : BHSICOl =Tb4=IF 04 2t AIOIOIA HOIEES ot= BIX g4

® PSK : OIOIE gtoll et BrSIel 2AA0l 6 JHKl &EHz FOIZ == ot=
A YAl 20HS ChE 14 gtS 2= PSKE BPSK(Binary Phase Shift

0S| 7HZ=E A2 UE Y SAEEZ AWM SAGH)| QAW =2H
ISO(International Standard Organization)Oll Al Xl st

g2 H 5% 2.

_15_
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2 50SI 7H=

=
= oW &9 _
= TCP/IP Z=ex=
Application layer AZXIF WEKTAN 828 = HTTP, FTP,
(S2Hs) AE= & Telnet
Presentation layer o2 = AAE AOIOIA 3 %= Ol0lE JPEG, MPEG,
(E8AH=) c= e [=ENIPTPS| SmB
Session layer SAlgt= AIAEIE A0S HZ 2 TLS, SSH,
(NEAHS) a3 RPC
Transport layer dE HS - A Jto o TCP, UODP,
(HsAHS) (TCP/UDPZ) =EN = el HIAA HE RTP
Network Iay?r @Eﬁbﬂ_ﬁl% XNt H2= A [P, ICMP,
(WEKIHES) (1IPZ) ARP
Data link layer e == o= LAN, Wifi,
(CIOIEHEAAS) HES3 a5 88, 2R A X.25
Physical layer | AL HS Aol @5 mo| O RS-422,
(22H=) AN~82 =el®d 24 Cable, Fiber
b. AX.25 Link Access Protocol
AX.25(Amateur X.25)[14]= 0S| &9 28T HEC HOIE 3 HE ZZ2EZ0|
H OtOI=0 RH SA& A X AZ3IESE SHEJCH. SLXt SEX =40~ 2 H
o A2 S5 ZESHH.(E 6)
H 6 AX.25 Link Access Protocol 4
Flag Address Control PI1D Info FCS Flag
2 14/28 1/2 1 N 2 e
bytes bytes bytes bytes bytes
c. KISS Protocol
KISS(Keep It Simple, Stupid)= &SAE AIAEDN TNC(Terminal Node Controller)
2ol SAI0| DR UBIROZ2 AlZ20ols ZZ&E20|CH. A& 28 HAlots E2X
(CO)E AtZ20ld HISD| Zale HIOIEE 2ctstH RE2E 2= JACHE 7). CRCU M2
82 XdotX L0, S 4l s 2.
— 16 —
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® CO - FEND Frame End

® DB - FESC Frame Escape

® DOC - TFEND Transposed Frame End

® 0D - TFESC Transposed Frame Escape

H 7 KISS Protocol ®#4

Start Flag Port + Command Info End Flag
Cco 4 bits + 4 bits N bytes Cco
d. CCSDS
19824 MIH =2 = J|&0l &H& 8 CCSDS(Consultative Committee for Space
Data Systems)= <= HI#S <& S4 %L OOIH AAHE HFE LS <& =2
IIHOICH. CCSDS Blue Books[15]2 S3& QIEHHOIA, JIs Jls F= Z2EZ22 F9
otHU QIHMHIOIA, T2&E=E = 23RE AL &2 JIEt Mo &2 #E=Es &

SIS

3. Command/Telemetry I3l &

Lo "l AZEAN cFS2t Na= 2 AZEAN Q! COSMOS AHOIO &S==4I6t=
command2t telemetry IH2! 2ZEX= CCSOS EES =0 = 80 He2IotACH. ITHZ
packet primary header® packet data field2 ?&0| & Ct. Packet data fielde
packet secondary header @t user data field2 ?&0| M, =4 1 byteOlA =ICH
65536 bytesE IL&SHCE. cFS= packet secondary header(command - 2 bytes,
telemetry - 6 bytes)E ZE&Gt0!, TH2!0l TekA user data fielddt S =% RUCEH.
2! MAAl byte orderOil =2|5H04 OF StCY.

-

_17_
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I 8 Space packet =4
a)

Space packet

D size description
Packet primary header 6 bytes | mandatory
Pgoket data | Packet secondary header | Variable  to 65536 bytes, mandatory
field User data field Variable
b) CCSDS packet primary header (6 bytes)
D size of fset description
Streamld 16 bit packet identifier word
packet version number 3 bit OxE000 ez &3
packet type 1 bit 0x 1000 0O =TLM, 1 =CMD
secondary header flag 1 bit 0x0800 0 = absent, 1 = present
application ID 11 bit OxQ7FF
Sequence 16 bit packet sequence word
sequence flags 2 bit 0xC000 | 3 = complete packet
sequence count 14 bit Ox3FFF
Length 16 bit packet length word
length 16 bit OxFFFF | (total packet length) - 7
c¢) Command secondary header (2 bytes)
D size of fset description
Command 16 bit command secondary header
reserved 1 bit 0x8000 |02z &AF
command function code 7 bit 0x7F00
checksum 8 bit OxOOFF | calculated by ground system
d) Telemetry secondary header (6 bytes)
1D size of fset description
seconds 32 bit
subseconds 16 bit
cFS2t COSMOSE HZGH0 COSMOSSl Command Sender ZZ)&EZ SotH  “T67

Collection @ chosun
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application2 reset commandE EUWH Otef 112 72 a)2t 20l 8 bytes command

(packet primary header 6 bytes + command secondary header 2 bytes)Jt &&= A

(]

S Solg £ Lt AHMA =418 W22 b)2t 20| 18 bytes telemetry (packet

primary header 6 bytes + telemetry secondary header 6 bytes + user data field 6

bytes)E E0QI& £ UCt.

# Raw Command Packet: TG RESET_CTRS o

Raw Comrmand Packet: TG RESET_CTRS

Packet Time: 202071002 14:57:15 075

Received Time: 2020/10/02 14:57:15, 025

Bddress Data Bscii

QOQOoo000: 19 74 CO 0O 00 01 00 01 t

a) Raw Command Packet

E Raw Telemetry Packet TG HE_TLM_PKT e

Raw Telemetry Packet: Tia HE_TLM_FPKT

Packet Tirme: 2020/10/02 14:58:50,111

Received Time: 2020/10/02 14:55:50,111

Address Data BAscii
Q00000000 : 09 T4 CO ZE 00 OB 97 1B A8 4C AD 57 EO Bl ©A QO £ W LW
00000010: Q0 05

b) Raw Telemetry Packet
& 7 COSMOS Raw Command/Telemetry Packet

2 =20 AMsE ZZ2EZ headerdt =IIED| &2 OIOIE 2 =It=l HIOIHE PR35t
Jl 5t IH2! (packet)t PDU(Protocol Data Unit)2ts 20 E AIZSHCH. IH3!
(packet)2 ZZEZ2 header b F=IIEJ| M2l command/telemetry HESHO|1D, POU= IH

2101l KISS or AX.25 Z2 &= header b F=Jt=l HZOHO|C}.

ex) TG application Reset Command
{23! (packet) : 19 74 CO 00 00 01 00 Of

_19_
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POU(KISS + AX.25 + packet) : CO 00 96 9A A6 98 82 84 E2 96 9A A6 98 82 84 63
03 FO 19 74 DB DC 00 00 01 00 01 CO

D. Coupling
Coupling[16]2 M= &

=3
2t % SHCH. Coupling EEDF 2

o 2R 20 g0, get oz &5t 28 (loose coupling) 2AEHE zAEH
oz ZE0l= #XE 20latod, Oololot)l H1 HAERE SX 22It &5ttt
Coupling® =2(tight) =F0HAM Y2(loose) =F2=2 0 Az Us = U1,
Ct2 1+ 2Ct.
Content Common Control Stamp Data
Tight Loose
More interdependency Less interdependency
HGrs infonnation fow [ Infonristion flow

72 8 Coupling® JHEXN &
=X: https://en.wikipedia.org/wiki/Coup!ing_(computer_programming)

® (ontent coupling - 8 20| 2 229 DEE AFEo=2 &EHXGIHU, £
dot= ZR0ITH 012 JI2 2 JHgel E28 240l A= .
® (Common coupling — 0el 2=01 =8 MY UOIHE FIotHA ZsHCh
2= MO0 B8 Xz 90| FIOBA Z20380 SEEEE SItAIZIt
® External coupling - & E=0l AFRHLZ Fitel MOIH &4, S Z2&E
- 20 -
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1o
10

ol
Ut
O

)

1

® Control coupling -

= otLtel 2= 0ICH O
® Stamp coupling (data—structured coupling) - 20|

HI0i5

[0

i
K1

—

Bl

b

235
=

M

)
o3

-

0

U
o
__2._

tH AEE W

Olso

ol
<l
180

2 OIoIe &

b

Al

2H0ll

2=

® Data coupling -

ALQ|CY.
® \Message coupling - 202l A

= ==
g S¢t

inter face

wEotkl €1, B

=
==

JclE

message X

Al

A AEOITH.

= 0l&2

A Ol =
T M

ioll

Decoupling® HZEHL Z&otK 210 Hel

R
il

=

S

ez

ol
il
o
<

o

~

=~

02
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on
ii00

ol
i
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RO
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4

<
ol
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-
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211
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i
o
RO
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70
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ok
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AT E 00X,

A=
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=
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=
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=

=
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=
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of == Z2a0|22 mH2! M2l Z=2I 2 (Packet process program)Olet) HES
Aetlt. CHEE JIgEE ZSot)| fgt A Ml Z2080M 2Rs Atets Eel
otH E 9% 2Ch.
Terminal
| Serial
< Trans g | INC e
celver KISS+AX.25 + packet
RF TCP/IP(Port 8100)
—+——» FUNcubeDonglePro+ sound » COS
AX.25+packét Modem | KISS+AX.25 + packet | MOS
AT
«—» RFCheckout Box |ep| RF C/B | [<P/Peonszy 1 59
i i (H/W) (S/W) KISS+AX.25 + packet
_ UDP/IP R
h packet -
a) COSMOSE #=&ol0f Z2EZ2 XL
Terminal
Trans Serial
« . <« TNC
celver KISS+AX.25+packet
C
RF TCP/IPportsi00y | Packet
——» FUNcubeDonglePro+ —# Sound > Process o
AX.25+packét Modem |kiSs+AX.25+packet UDP/IP| §
Program |
packet M
«——»| RFCheckout Box |q4] RFC/B Pz ) moez O
5 | (H/W) (/W) |KISS+AX.25+packet| M E S
UDP/IP
) packet o
b) COSMOSE #&otAl £ ZTZ2ES Kl
8 10 KMSL Xl &= QIE H 0l A
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2 9 29 S40 e sS4l gal Y TI2eEZ 27 A
) sl P Por t baud KISS
Device gt A Address | Up/Down | Rate AX.25 | KISS Por t COSHOS
1234
0BC UDP/IP 0BC - X - - ts
1235
Checkout Checkout 3211
Box (H/W) TeP/1P Box(S/W) | 3211 © © 1
FUNcube Sound - - - - - AX.25, KISS
TCP/IP Protocol
Dongle Modem 8100 - O O 1 e =
Com? 9600 O O 1/2
TNC SERIAL -
% |P Address= OBC or Z22H0| Xl HEES ip address
% TNC COM Port= ZFEEOM 2 AIGH= Port

A. 7 A
NA= ATEQ OO COSMOSeH R4, XNA=2 GlEAN & AZEHYA HSS <6
LSt F AMES 3N DIXNZ R2E = UCH. W, s 4 dals I26
OF StCH. =M, KISS & AX.25 Z2&E2 XclS X 2olok StCh. A'M, =4 HIOIE &
80| JtsoloF etCt.
o Al B4l
H 10 S4 YA
No Up/Down SAl ghal Por t bl D
1 U UoP 1234 2o SN YAY 42 ZE AR
Down 1235
2 Up/Down TCP 3211 22 S& AN TE A2
Up 3211 _
3 TCP 22 Sl gkAl CIE LE AIE
Down 8100 ol T }
4 Up Ser il Cou 12 S4 BAIN 02 ZE AR
Down TCP 8100
—_ 24 —
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010
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StCt.

S04 OF

H2 &

® Protocol

IZ2ES

H2! Xel

111

i
o

Bl

KISS Port

Port 1 or 2

KISS

AX.25

No

1]

J

=1

03

1

o

ol

2ES

AX.252t KISS

= AX.25

M AMEdts 2ES0A

I2E

KI1SS

=
S

SEZS SAIO A

Wy

=S
[

=2

S41 Al KISS

Ul

Gl TetA ofltd CIoIE It Ch

ZzE

o
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2

J
e}

010

ol
(il

e 5t

e [OIH

etol

2010 A

= mH2e

ioll

SLXIEH,

S\

KMSL RERIE 0

JHel IH2!0l 235 bytes2CH AL

st

ot=

235 bytesOICt.

ot0d otLtel male

I

S
=

T dsE OOIHE &

=18
=3
[

Ul
g
0l
™

1=

ioll
JId

HOd
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m rx
= ok
Q0 Iz
o —~
= o
o o
-~ O
o
S
o
w
o>
5_>
_L
JE
o

I 2
Sat
Tvpe |P Address PORT COM Port
Up (TCP v | 127 0 0 i || 3211 | COM1
Down TGP ~ | 127 0 0 i || amn| COM1
Twpe |IP &ddress FORT COM Paort
Up TCP v | 127 0 0 i || 2211 | COM1
Down TGP ~ | 127 0 0 i || 3211 | COM1
Tvpe |P dddress FORT COM Paort
Up | LDP vi[192 188 0 24 |[[1234| [GOMl
Down | LIDP » | 192 1G8 0 24 || 1235| COM1
Tvpe [P &ddress PORT COM Part
Up Serial ~ | 192 1EB 0 24 | | 234 COMT
Down  TCP ~ | 127 0 0 i || amn| COM1

2 11 Sat(Ground station) &&

8 122 20| TCP &AI2 serverdt HM AEI HZ HII(listen)8t AEHOIA,

clientOlA server 230 2R P2 Port & &

42t (accept)dtd 1:12 AZX & 24

(send)Std #=4l(recv) & TH ACHEOI CHOHA ZAIGHKI 20t &Lt

ot= AZE0Ql CheckoutBox programst Soundmodem([17
H

20tB &, packet process programe client &Aooz J

Collection @ chosun

oIk, 1:

_26_

S
=
-

=
£ =5t E=(connect)S ol
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&St

StCH. TCP2H UDP= socket ZHAI0| D, serial@ HE QLEREY & 2ot

H SOl handle2 SoHM MO SHCEH.

baudRate
9500

SE00

baudRate
QE00

SE00

baudRate
QE00

SE00

baudRate
e 9500

SE00

CIOIEHE &

KNat=0lA AtE

programe TCP serverE Xl
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ol
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)
ok
Q
[
o
O
2
x
n
Q
o
>
>
[0
=

DI O 2ZoiKD) ds il ==01 =

2! XMel Z280[ COSMOSet sS4l &8 e S+4101 & It
ot2x ME0l MetA HEotE =0 Na=2 FHSd H2Z2g s
S0l &5 =k Y1 UE =& UL

Ot 18 13 =AX0A 2= A 20| uplink 2 &A= BX
= S& A0 Oetd 2Zot0 AliolH S=otd, 3ot Sl
et OS downlink 2 A4S o 24 =el

(TCP/UDP) = handle
ZstCH. Downlink sS4 HZ Al

handleS ol MGt 12
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Client Server
socket() socket()
!
bind()
!
listen()
connect() R !
accept()
send() / recv() DR send() / recv()
! 3
close() R close()

X el&tCh. downlink
J

F 293 yplinkE o A

O

<
e J

ol
x

2

socket

SAI6IH AlEotd, 2% MZ& connections ™

AIHSHH uplinkE <ol HZ3IRE socket
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Start

0

l'i_sat_up = None
|'i_sat_down = None
sat_up_sock = Null
sat_down_sock = Null

up_type = TCP

<>

No

<>

No

up_type = UDP

up_type
serial

No

End
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TCP connect

success YesH

Yes

li_sat_up = TCP

UDOP connect
success

|i_sat_up = UDP

No

Serial open
success

li_sat_up = serial

No

a) Uplink connect flowchart
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upPort =

= sat_down_sock =
downPor t

sat _up_sock

down_type = TCP Yes |i_sat_up = Yes

No No

TCP connect
success

No Yes| |i_sat_down = TCP

No

down_type = UDP Yes |i_sat_up = UDP upPort = sat_donn_sock =

downPor t sat _up_sock
No No
\— 4
No UDP connect

Yes» |i_sat_down = UDP
success

No
b4
down_type = Yes li_sat_up = Yes handle _down =
! - —
serial serial handle _up

No

Serial open

Yes |i_sat_down = serial
success

O

) Downlink connect flowchart

8 13 Se H& =AM

H>
H

C. ZE2E&EZ2 Xl

d40

(=}
=
=

=)
m

e d&ote =0 ofXIgH, R

1
SESS AE6tl, X&= ot

[m]

|E

i
rr i

o

_29_

Collection @ chosun

A1 X&= A0l UoPZ2 HE g3 e k2 Z2&EZ It 01 A O
£ =4 AX.25, HOLC E£=
O = 28 2ZEF 0 SalotEA KISS

DZEZSE AMEEL. 2 =20 AdE KMSL RERAL0NA ALE0t= AX.25%t



KISS Z2E20 UoHMe CHEC.
TZ2EE PX= 2H0AM ASotHXICH, 242 0BC(On-board computer )2t Xl&at=

LZEO QI COSMOS AFOIOIA SIEAM/AZEANIL FIOLEHAM 20 HEH Z2&

29| header/tailOl FItE0f MEE=X =QIGHHOF StCt. O8 1401M &
O S==4012 28 AOI0l= IHZ!0Il AX.25 Z2 &= headerJt 25 Zg=Ch. Z&
2! XMl 22708 AOI0l= WA GIA

AX.25 T2EZ0W A CIOIEHHE 2Z=odle =0l FCS(Frame Check Sequence
Ct.

nr o

40 M =&l POU(Protocol Data Unit)= Z2EMIAM FCSE
S0 KISS Z2&22 FIIot dESC. NA3UM SaE a2 20 M KISS
I2EZSS MHIHotL], FCSE FItot SaldlZ2 & A= 3! HMel Zz7]
dilM=E 2D KISS Z2EZ22 HI0IHE S=4I0tE2 FCSE E&otkl 210 X2lot
™ =

Transceiver
7}
Address Control PID packet FCS
AX.25+packet
v 14/28 Bytes | 1/2 Bytes 1 Byte N Bytes 2 Bytes
TNC /
SoundModem
4 Flag | Command Address Control PID packet Flag
KISS+AX. 25+packet
v Cco 1Byte 14/28 Bytes | 1/2 Bytes 1 Byte N Bytes Cco

Packet process
program

a8 14 S48 2 Z2&EZ 6l

Packet Protocal

AX.25 ¢V Uplink Callsign CubeSat : KMSLAE - KISS Protocol = [l Uplink PORT 0

Downl ink Ground Station : KMSLAE -

KISS |  Flag

Downl ink

Command | Flag |

AX.25| Address | Control | PID Packet |

8 15 Z2&E 2 Header /Taill
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8 149 2E T2 Mel T2 208 AL0I2] KISS/AX.25 ZEEZ headerE T2 &
=82 A=otH 18 152 ZU.

a8 160lM 2= X0 201 2E0A =&l POUJE EMGHHE AX.25, KISS Z2&E=
AME {0l 206t headerE MJH&t ChS COSMOS =200l IHBH MEBHCH. Bt
(= COSMOSOIAl P22 Salots IHA 0= AX.25%2F KISS headerE =Jtot0i ZE Ol

HEettt.

/ Downl ink Process \
Start

%}
‘ *’Yes* KISS header remove

Packet send to
COSMOS

< AX.25 header remove |«

AN

/ Uplink Process

' J
v ()
SMOS >
¢ Yes» AX.25 header add ¢
Yes
No No
v
POU send to Modem |« KISS header add
N -

2 16 Downlink/Uplink Z2&= M2l
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D. IOl

m

0%
ol

.I

=

Fde S& 2EE0A 8 Bl SAg = As WAL 2 AI0F MetE o /U
Ct. X&t= HUIE Soi =48 POUE otLESl THAIS Ol B0l 2250 =8 =5
UD, Xa= UM &2 64 JHSl POUJE 8 B0l TH2! XMl Z20#ez d&5E
=& UCH Xa= ZHIONA =48 POUN CHE =A== O 1701 HelotA20, A
cl gEHE O3S 20

Start

Receive POU from

Modem
No Buffer Empty ? No
Yes Yes
acket _length
csds_len +7 & A
- . No packet _size + Yes
packet _size packet _off
Yes No
v 4 v 4
Buffer Clear
Buffer Add Packet send to P CBuffe;)r /?(ddt Buffer Add
Packet _Length = COSMOS Oy racke utter
Buffer Clear
cesds_len + 7
h 4
End

1) 2EHAM =45 POUE KISS flag(CO)E 0I230t0d PDUE F &6t ==& HIH 0
ISESS

2) PDUJt H 8 CCSDS header2 &S 0/236H0 CCSDS QI =
JF) CCSDS &Alel m=lole

r

o
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CCSDS Length 2=5 OIS0t W32 I =4l I3!Sl AJIE &eldt
o, ==d&lgt W22l AJ10F £HLE 2% COSMOSOl M&Eetlh. w=4&lst TH3! S

I HOH, FIOIE =4I6tHO0F o122 Al HIHU X ESHCE.
Lt) CCSDS &Alol 20l OfLIE JIE0 =418 IH21ol f=F I3A0I FIt2

FolE OI0IeZ SAl HIH0 Ol2td= IH2!01 =IHot=Xl = Qlstlt.
(0] (@)

i f
fo

a) YAl HIHJt HIHUSH, IHA 2IIE &l £ cosmosol &
StCt.

b) €Al HIHOI DI2&E 20| A2
SAl BHIHO GIOIEIE =Jtotll, W20l 2td & & COSMOSOl &&oti)

A HIHE A MetCH,
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V. 3! X

Xel

-/

@

@ AS0A 5 application(ADCS, EPS, FI,

® NAR0AN B 52 Y

o [
@ AL0AN dES =

0

T2 )He H8S 7l

=)

HAE &

o

AZOA AL A F2 F Al

A O

- O o

23 =4
S B 1201 Feloen

(TO ADD_HK_TLM_PKTS)& &4l

Exte o

TG, TRX)2 HK_TLM_PKT IH=l& 10

(TO REMOVE_HK_TLM_PKTS) & &4l

Up / down m=2! xel | COSMoS /
Ol M E A =N E Al GFAI
1 - up / down uoP X COSMOS
Ethernet
2 - up / down UbP O COSMOS
3 Checkout Box up / down TCP O COSMOS
Checkout Box up TCP
4 O COSMOS
FUNcubeDongle down TCP
RF
TNC up Serial
5 O COSMOS
FUNcubeDongle down TCP
6 Checkout Box up / down TCP O Other
2! del Z=2 082 AE0HA 210 cFS2H COSMOSOHIA &E SA0l S=kl 2ES
ot), 2! Xel Z2 S Aol Ohst ZH0M HAEE XSG D20l &
MEOZ SpE=X HSSH
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AU S4lote BEY AR =& OOIH AJI= Ofell & 130t 20,
= 13 Command/Telemetry IHZ! 3AJ|
Tx/Rx Application Packet Name Packet Size
ADD_HK_TLM_PKTS 8 bytes
TX TO
REMOVE_HK_TLM_PKTS 8 bytes
ADCS HK_TLM_PKT 50 bytes
EPS HK_TLM_PKT 94 bytes
Rx Fl HK_TLM_PKT 24 bytes
TG HK_TLM_PKT 18 bytes
TRX HK_TLM_PKT 48 bytes
A. cFS/COSMOS &&E =44l
S0 T2 HES <ot R4 (cFS)2 XIA=(COSMOS)=2 UDP/IPE Sot HIA
EE XS, HES2 COSMOSOIA A& FEOZ ME0| AM&ESHY, 37 B8z M
30| S =XE 02l S4I2 SISl =42 COSMOS Command and Telemetry
Server Tool2l TIm Packets © 1t Interfaces BIUIA S48 THA2 =2 HIOIEE
SOISICH, 8 181 20| 52 S0t HAEES Xals ZUE BH, =4I(Rx)2 15094
7,020 bytes, ZA(Tx)2 2 16 bytesE E$4l= 245 018 £ QL. cFSe
COSMOS ALOIGIl TH2!0| HAEC=Z &S440| &= A2 SOIoIAL.
B COSMOS ’.'ﬁ'll:.!i.’l.TT-Elfc'l-Z“_n Corete - KMEL Condiguralion O =
e Bt Beip
i Imerlaces  Tagels  Cmd Packeis  Tim Pacisls  Rowisss  Logging - Stalus
| Fieilace ConrechDeconnect Connected? Cherts Ti O Zize Rx G Sz Sites Ta Bites B Emd Pk Flin Mt S Faw
| [romsi Cistorraet o o 0 s 7020 2 R T
|
|
""f‘l"T-" I' ""I 16:40 0T INFO: emdCCTO ADDHE_TLM PRTS with COEDESTREAMID K17 COBOS.SEOUENCE 49152 CCSDELENGTH 1. o
e CEE0E_FUNCCOIE T
...L" " | "'J-‘ll"- -":-'J PO emdil” |I' REMOVE _HE_TLM_PETS with CCEDS_STREAMID 6292 CCEDS_SEQUENCE 52 COSDELENG
- E 0, CCSRE_AUNCCODE ) T

a) Interfaces Tab
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— COSMOS Command and Telemetry Server - KMEL Configueation = o =
Al pdi  Halp

Imertaces Targets  Cmd Packpis Tim Pagiele  Rowlers  Logging Status

e fama - Packst Mame  Packst Couml  ViewFaw | Visw i Fackss Viswe |
ADCS HE_TLM.PKT iy Wiow Raw | View in Packet Viswes
EP5 HITLMPKT E1] Wi Raw | Vi In Fackst Viswer
FI HE_TEM _PET 1] Wiew Rawe | Wiew In Faciet Wiswer
SYSTEN META i1 iew Raw WiEw In Facke! Wisws!
TG HE_TLM_PKT an Wiew Raw | Wiew in Packst Viswe
TE3 HE_TLM_PKT i Wi Ras || Vi In Backot Vigwer
URERITWT LR i) Wimh Rarw [

APG6/13 20 EALAT INFQ: cmdi 10 ADD_HF_TLM_PKTS with CCSOS_STAEAME G272, (505 SEQUENCE 49182 CCSOSLENGTH 1. -
CCEDS CHECKSUM I COSDE FUNCCODE T

RO6/13 J0:20:80, 750 INFO: cmdd"TO REMOVE HE.TLM_PETS with CCEDS.STREAMID B2T2 COSDE.SEQUENCE e152 COSDELENG

TH 1, CCS0E_CHECKSUM 0 CCERS FUNCCODE 1)

Packets Tab

m
21

b) T
28 18 cFS/COSMOS & E &S==4

Set T2 3

&L
o
S
e
ﬂl|ﬂl
Oh

52 0x £ Mo

OOE__JO

nz

ILD Xa=2 AZEJN ALOIO IH2! M2l E20#S ZEotH sS4
Ch. & 199 ¢c)E Sot /AL0UAN =48 18 bytes IS E T2 Xl
=202 M&ot, XNA=2Z2FH 22 8 bytes WA= A0 MSEHCH. <
= AMOI0l S4&l2 25 UP HACZ XelotH EE Z2EZS FIIoHAl
20D, 8 199 a), b)UIAM 2= 410 20! UP HANAME IHAISl &
NS =QIGHAL
— COEMOS Command and Telemelry Server - KWL Conliquratian - ju} *
ble Ede  Help
! Inferfaces fangel.a Comid Packats  Tim Packets  Aouters Logsing Statua

”I;I'I.l."f-ll:l n'_:r'mr"-'l:llsm-rmd L:nmr".ldi‘ -\.||I|'E. Tb:l‘.is.u nqs«: E-g.ﬁn‘-\; £ u;m: Fb.:- -I.:.rr'.lz-Fl:s- I'I:rlPH: i -'.'mu-ll.;u:

MM T Diszannect s 2 2 o e 6 2 2 13 i R Al

L RpGE INFD! cmd(*TC ADD_HE.TUM PRTS i CCSOS_STREAMID BT CCSDS SECENCE &%) COEIEIRNGTH 1 »
B CESEE_FUNCCODE T
Wmmm cend{"TO! HEMEI'\."EJ-IL STLM_PETS wilh CCE02_STAEAMID B2 CCEDS_SEQUEMCE 49152 CCEDE_LENSG
& 3 M 0 CCSDS_FUMCCODE By

a) Interfaces Tab
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B coom0s Comrand snd Telemetry Server - KMEL Confligunian
file Ede  psip
intetaces  Tagelts  Comd Packats  TimPackmls  Aouiers Logging  Status

farget Mame  Packet hame  Facket Count  View Baw
ADCE | WK_TLM P o
EFS  HE_TLW_PET
| Fl HE_Tiw AT
| oystem mEm
TG HE_TLM BT
TRX | HI_TLM PUT
LINKROOWPY | UKW

m'ﬂa ACAZ0EE INFO: cond('TO ADDMCTLM PETS whih COS0ESTREAMID G272 CCADE_SECUENCE @318 COSDELENGTH I 4|
GLEIE_CHECKSUM 0. CCSDE_FUNCCODE T

ARLTET 204TN0 T2 INFO cmdi T REMOVE_HE_TLM_PETS wilh CCSOS_ETREAMID B272, CCS0E_SEQUENCE 43782 CCEDE_LENG
TH |, CCE0E. CHECKESUM 0. CCEDE.FUNCOODE 1)

b) TIm Packets Tab

Ak OMEL Raciet Procms Fogram = %
Ml AR AT el o
at
Pratacol IF Mdidrean poaT POAT
L [T r'-'['r T T ey /=
o I | TR W 0 AT e NN el T
Packet Protacl =
B ielisk Caliwign CubeSat = MLaE - (50 K18 Pratogal = nlink PRt fji
[examill ik raund Seakipn | OHOLSE - rt—.i Derwtni ik
Cubrednn (Ground Setem) [APacket Print GO B Packst. Brint
8 M OO E7 0 OB 16 3 ED & 14 88 E0 81 4 00 00 0O = 170878 C0 ET 00 00 10 0 B0 48 | EBE:IBIEI.JII-IIIIII T .|
-5 3 B 36] rezv datali3S] : 5O -5} G—ISEJ'JE:?I sured deta|S0] ¢ result [S0]
S5 dIIE Rt feleunwrawen UG EHE TR HED WER R row kns
iumm?a%:ﬁ_%imgt%ammmml:Em-nl:EHsr:n= :HEE—EM:E:KIBQE;B. Ilgi ,u.-lm?hmmemﬁmg'
A0 B8] v ) 1 46: r
?amﬁ-agmzsa:mﬂna :!lmu:,muma:mmtni _l!mmmugagum Eazl::u'uu:gaama:mulm!
E:B:HE—I!HI--B‘-%I fecy data[138] E-05-12 PO 4E- 46| send data]Pa] J rasult]
?IB'TIIIEHEIJH HEDEU‘?-!SEJSIBJEIWFED]FQIIIU][ 'IFB'FSEBSIIIIJ_EEEIIB +§UBIE|]BIDIIF2U]52IIHD(
AECHE-13 20 85851 recy gat[138] | [ 0E0-06-13 20:46:46] send: datali8l 7 resalt 58]
?nm%m_g_slmanrnﬁasqmmmmm :?awmfsm_m_ﬁlssﬂummmsxuhm
= v £ { i had qul
E%mﬁaﬁi?ﬂ £1 00 ) BE 0010 AF D03 10 R S ;mmg Eggmmw & thu 10 P 00 3 Im e
20E0-05-13 20: 46551 resy dala[144] : 54 [ FE0-05-13 20:46-55] gand data|8] ¢ result (4]
AEARLEAs S A0 g mewsnen: ERERRYEE ST AL 1Bl gooaaonc
4 mm%mli:arﬂsn:I'r13:|_-=d:.t534:545ma:m:scse 'nasnm%M:ﬂglmﬁﬁﬁzﬁ?m?qlmammmmma
A, Al B e e b mm e m o | §E e e e e B o e o e 0
%ﬁrﬂi—lazﬂ:ﬁ-ilﬂga&' %I.i “‘IEEI‘I o .ﬁﬁ-g%:ﬁ:ﬁlg% iaﬁlﬂ rgul:[EBI 5
mﬁ-ﬁgﬁﬁ redcy Bt 12I: m—ﬁ—lsa:ﬁ.glﬂmamm resul &S0
PEDJIF%:IJ_E_F_IEED:tQEH%IIJ;ImHDIBEFFE:IHI!HE... -?assm%%ﬁ{islmmﬂ mﬂmm?qlulaawmzlani..
| o i Frcy ] [ | { | regul b
%muﬂm%mwnrfammmu:ll:l:m;Fm:sl:n-- émmmmmn;rﬂu# El ﬁll]'.l [E D03 @ 35 00 n
AEO-IE-13 20 AT:06] recy atal147] : 28 | [AMEO-E-13 20:47:06] aand data[48 rml:| |
Eﬂ?&gﬂﬂlﬁ- Eﬁltﬁmlﬁlﬂmmmﬂﬁﬁﬁ!k T gﬂl'ﬁﬂﬁﬂﬂlﬂ
hasgs ‘D61 _recy eat, :-ﬂldl.
Tt e
-
|

c) UDP Packet program screen
2! el 22 20

|J

u
©
o
=}
e
ﬂllllJ
|’0Il
=
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a
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0e
oY
ol

C. FF SaIg 2

1. Uplink Process

UplinkE <ol XI&UA 1822 Bllls EH(TO REMOVE_HK_TLM_PKTS : 18 80 CO
00 00 01 00 08)2 CiS 2= WES HIIHAN IHA0l =FL0 dSECH O 21
O XolA 2Elis 8801 HEH HEO0l HeXl =AGHAT

(D COSMOSOlA TH2! Mel T2 O3HuAH 2! &

@ D! M2l Z2 )2 AX.25 header FOt

@ IH2! M2l T2 )2 KISS header FOt

@ header 2t Z=Jt&l POUE 2 & (TNC, CheckoutBox Software)Ofl & &
® Z2EES KISS headerE HMAHGHLL, AX.25 FCS FIt

® ol=90i(Transceiver, CheckoutBox Hardware)ES Sot0d &0l POU &S

W2 ™Mel ZZ 0SS HXA AX.25 header (Address, Control, PID)E =DI8tCt.
Callsign® TCP/IP2 IP address®t HI=dlld, 22 RH=22 F22dl= 1
Ch. O 201 20| AX.25 address= &0 X&A=22 callsignidt ssidE

ot=dl Gk ZCt.

@ callsign (KMSLAB) It ssid(1)2l ascii codeS 2ZOZ 1bit
@ HEZEZ UM ssidgtoll UiohdE SE X = 0x80=, &K= 0x01= Bit

OR & &FSHCE.

Destination Source Hl 1
S Xt KM S L AB 1T|/KMS L A B 1 callsign + SSID
HEX 4B 4D 53 4C 41 42 31|4B 4D 53 4C 41 42: 31

Bit shift |96 9A A6 98 82 84 62|96 9A A6 98 82 84 62| Left 1bit shift

Destination(0x80)
Source(0x01)

SSID Bit OR |96 9A A6 98 82 84 E2|96 OA A6 98 82 84 63

& 20 AX.25 address
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Pl HES HH callsign(KMSLAB-1)2l X X2t S XIS address= “96 9A A6 98
82 84 E2" , 96 9A A6 98 82 84 63" < 20l MA&1), control(03) PID(FO)E =

Jtot™H AX.25 header= 24 EICH.

Address Control | PID Packet FCS
AX.25 +
Packet 96 9A A6 98 82 84 E2 18 80 CO 00
96 9A A6 98 82 84 63 03 FO 00 01 00 08 C6 43
1
KISS + Flag | Command Address Control | PID Packet Flag
AX.25 +
96 9A A6 98 82 84 E2 18 80 DB DC 00
Packet c0 00 96 9A A6 98 82 84 63 03 Fo 00 01 00 08 c0
1
Packet (TO REMOVE_HK_TLM_PKTS)
Packet
18 80 CO 00 00 01 00 08

18 21 Uplink IH3! GIOIE

KISS header= PDUS AlZD 2 UEHH=E flag ‘CO° 2 command2 A E=CH.
“data

Command= 4 bits port2 4 bits command2 F2A&Z =0, port ‘0" I} command

frame” gH(0)2Z command=  “00” 2t= JIXILCH. &HSoks POUSl LHEO

protocol 2l escape SXHCO, DB)JF /US ™ KISS header @
‘BDOC &, DB = DBDOD =2 ©HHSCH O 22 a A
2ol 3¢HM HIOIEDL ‘CO° O|E2 DB DC 2 HHE= AS ol £ Q).

10

‘o’

CheckoutBox A~ZEIMH= KISS headerE MHotLD, HAE KISS escape 2 XS

i SX2 HBSCH. AX.25 header @t TH3!S 2 FCS(Frame Check Sequence)S =0}

POUE SAIDIE

8 222 b))t 20l Na0A 2H HES A-0AM =45t A-2 &l
S

c), d)e 20l d&s5t=s S =g = UL
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S S LR MBS T L
\°O_an 4 =¥ oo o

[ 2020~ DE 24 15 54 39]-recv datai?ﬁi '-
CO 00 96 94 A6 95 82 54 E2 95 94 AG 98 82 54 63 03 FO 09 57 DB OC E
| T2020-0e=28 To - o8- 40 recy gatal ] - 1o

220-05-24 15:54:63] send datal28 result (28
CO 00 96 94 A6 95 82 54 E2 95 84 4G 93 52 84 63 05 FO 15 50 OB OC C
[ TE0200e=28 To o8 -5a] _Teew gataion] - 1
CO 00 57 45 00 00 00 80 25 00 00 09 46 53 4B 2D 47 53 52 55 45 00 C
[2020-05-24 15:54:53] Binary |nterface[S7] v

:54:38] send datal24] / result[24
11 2C_ 74 FB 4B 43 55 EO B1 EO ?I CO F2 COF2 0000 C
Bd: u

2 0 88 DI 1E FF EE 33 BEA F9 :

T = 00 PO — C0 (0 00 -1 T
e
a0 R m
]
v}
T
]
ik
na
=

¢) RF CheckoutBox RX

& ScundMeodem by UZTHO [BPSK G3RUH 96007 - Ver 0.04b

Settings \iew Clear monitor  About

Cha (4307 3| @ Che (3600 3| @ DCOtheshold | | [ Hold pointers
£77LRfBr BT

dlz 78 =

1:Fm EMELAB-1 To KMSLAE-1 <UI C Pid=F0 Len=94> [12:54:44R] [+—]
OERW T LT C

HEO[ AR RET1:Fm KMELAE-1 To KMELAB-1 < C Pid=F0 Len=38> [19:54:44R] [+—]
ERRLZ <704 @Lh??

1:Fm EMELAB-1 To KMSLAE-1 <Ul C Pid=F0 Len=24> [12:54:44R] [+]
EEE LIEF# T

1:Fm EMELAB-1 To KMSLAE-1 <Ul C Pid=F0 Len=18> [12:54:44R] [++]
tRFPLEH

d) SoundModem RX

8 22 RFE =8t A" screenshot

— zl() —
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2. Downlink Process
DownlinkZ o FASUA KACZ e PUE CISD 22 BES A

St O 2301 A2 FH =48 POUIL HEH HAOl ==Xl E=AGHAL.

1D 22 AX.25 FCSE S0ot0d PDU Z AL

@ FCSE HMIX{atLl, KISS header =Jiot0 & &

@ M2 M2l Z2 08 KISS, AX.25 headerE Xl

@ CCSDS length field2l gtdt TH3!Sl 0I5 #0CI6t0 LXISHH COSMOSOIH &

Y2 RFE Soll =4I= POUE FCS &1 &0l6t @FIF 8= Pous g 229
)2t 20| callsigndt 22 WEsS &olg £ AJCH. AX.25 FCS &== HMHGHLD,

KISS headerE =Jtst POUE TH3! XMcl Z2 &0 MSStHCE.
2! Mel Z2 )32 4lst PODUE KISS flagE 0l&0tH PDUE *=3dt12, POUOHAM
Isignt XI&= callsignE Hl W6t
O, GE Na=2=2 MEE PlUE HHeld, BMNEOCZ =4AlE POU= AX.25 headerE
HIASHCE. CCSDS length &9l gt M IH2Ql 20I1E HIWatH, IH2lel Z0[Jt &

OSH Al HHOH MESIH FIt2 418 IHAS SeI5tH Z&Eel IS COSMOSH|

2! Ml ZE2OS0AM &2 PU= AAL0AM RFE S
g gs =% UL, NJHSQ POUIE 8 B0l M&01 € =& QUCH. 8 222 ¢)2 20|
bytes2 FAE 30H2 T30l a)ll Tmetad AXret 201 154 bytes otLt2
POUZ Et2 212 &olsh £ QT 8 231 20| KISS flag(CO)E JIE2=2 46, 38,
70 bytes POU 302 U0 X= HE =g = UL
154 bytes GIOIEOIAl 46 bytesPt Me2lotD LI XAl 108 bytess =4I HIHO YHAE
Ct. KISS headerE Mot escape A0l CHOHA XMelot®H, “96 9A A6 98 82 84 E2
...... CO F2 00 00 00 01" 2| 40 bytes POUZ HAHO| SCt. SHXI(XIA=) callsign
0l “96 9A A6 98 82 84 E2" 0| KMSLAB-12Z X|&f= callsignilt LXIGt2=2, AX.25
headerE HIHSFO “09 87 CO BD 00 11 ... 00 01" 2| 24 bytes IH2!2F Y =Ct. 56
B bytesJt CCSDS Length Z2&2  “00 117 Ol 170ICt. TH2AISl 20| 240 72 WHH

A
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17(24 - 7)2 &2 XMolE W20122 08 229 a)et 20| COSMOSZ2 & &EHCt.
HIHO E§H==2 LIHAl 108 bytes®l OIOIEHT BH=SH2 2 Xclot M&etlt.

Receive PDU 154(46 + 38 + 70) bytes

CO 00 96 9A A6 98 82 84 E2 96 9A A6 98 82 84 63 03 FO 09 87 DB DC BD 00 11 2C 74
FB 4B 43 55 EO B1 EO B1 DB DC F2 DB DC F2 00 00 00 01 CO

CO 00 96 9A A6 98 82 84 E2 96 9A A6 98 82 84 63 03 FO 09 74 DB DC BD 00 0B 2C 74
FB 4B 30 58 EO B1 OA 00 00 01 CO

CO 00 96 9A A6 98 82 84 E2 96 SA A6 98 82 84 63 03 FO 09 85 DB OC BD 00 2B 2C 74
FB 4B E0 63 00 00 8C 01 3C FF DA 39 EE F9 3B 00 D2 FF 6E 00 A7 05 00 00 D3 00 00
00 00 00 00 00 9C EA 46 BC EF A4 AD 3D 00 00 CO

Flag | Command Address Control | PID Packet Flag
gg Zj ég % 09 87 DB DC BD 00 11 2C 74
0] 00 96 9A A6 98 03 FO | FB 4B 43 55 EO B1 EO B1 DB COo
82 84 63 DC F2 DB DC F2 00 00 00 01
KISS + gg gi ég % 09 74 DB DC BD 00 0B 2C 74
AX 25 + 0] 00 96 9A A6 98 03 FO g? 4B 30 58 EO B1 OA 00 00 COo
Packet 82 84 63
09 85 DB DC BD 00 2B 2C 74
96 9A A6 98 FB 4B EO 63 00 00 8C 01 3C
82 84 E2 FF DA 39 EE F9 3B 00 D2 FF
c0 00 96 9A A6 98 03 FO 6E 00 A7 05 00 00 D3 00 00 c0
82 84 63 00 00 00 00 00 9C EA 46 BC
EF A4 AD 3D 00 00
2 2
Packet (HK_TLM_PKTS)
09 87 CO BD 00 11 2C 74 FB 4B 43 55 E0 B1 EO B1 CO F2 CO F2 FI (24 bytes)
00 00 00 0f Y
Packet 09 74 CO BD 00 0B 2C 74 FB 4B 30 58 £E0 B1 0A 00 00 01 TG (18 bytes)

09 85 CO BD 00 2B 2C 74 FB 4B EO 63 00 00 8C 01 3C FF DA 39
EE F9 3B 00 D2 FF 6E 00 A7 05 00 00 D3 00 00 00 00 00 00 00 | ADGS (50 bytes)
9C EA 46 BC EF A4 AD 3D 00 00

2 23 Downlink THZ! OIOIE

g 222 20| CheckoutBoxE EoHM S4I6+H1, CheckoutBox2t SoundModem= Sl
N =4lE=E A2 &0I5HRULCH.
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AZOA 2 S0 fde sS4 2E= 8 2ol 85 Jisst 22 AJI= Mgl
ULt /AH0M 2= A2 II= Creotd st Bl 850 Jtsgt A UKL,
o0 o 2ol 85 ULCH. COSMOSOIA = ==&IE TH2!I0IA CCSDS header 2

etCt. COSMOS= et ¢

I |8 H Ol S=&I5F IH2IC HES
FE IS0 UD, 20 £ OO0l =

COSMOSOl & 258
Sapl HAEES 95 IS 235 bytes20H 2 TA0| 201 BT 24 NS

b S
I HIAESHCH 8 2408 2= 2410 201 1,356 bytes 3J12 WA S MEGHU
o0, 1,356 bytes= 690l LH=0IA MSEC

OII

1=, [ == P e B i =0 M i e B = = SAC ECLLE oo o0 EH=

[2020-03-24 19:53:48] send data[1356] / result[1356]
0 B3 CO 05 05 45 84 B0 9C 4C CY B2 00 00 00 0O OO0 00 00 00 00 00 fC

00 00 00 B0 25 00 00 09 46 53 4B 2D 47 33 52 55 43 00 00 00 00 0O
19:53:44] Binary Interface[57]

19:53:46] recw data[2] : 47

A5 99 82 04 F2 o5 98 35 90 /2 8 B3 09 F0 AR AD 59 4AC 02 00 07 00
:63:47] recw datal3] : 255

F 35 82 54 E2 95 94 A5 95 82 84 63 03 FO 08 BI OB DO 05 05 45 84
53 A7) Packet Start Leﬂsth 1356, Size=235, Offset=235

:53: 4'7] recv data[4] : 254

5 52 54 E2 95 94 A5 95 52 54 63 03 £0 00 00 00 00 00 00 00 00
-B3: 4’7] Packet Continue Lenath=1356, Size=235. Offset=470
SE3:47] recv datal5] - 254

B 52 B4 E2 95 9% A5 98 82 84 63 03 FO 00 00 00 00 00 00 00 00
153:47] Packet Continue Length=1356, Size=235, Offset=T05
:53:47] recw datalB] : 254

8 52 B4 E2 95 94 A6 98 B2 84 63 03 FO 00 00 OO OO 00 OO 0O 0O
:63:47] Packet Continue Length=1356, Size=235, Offset=940
gdﬁ] recy data[7] : 254
Haxe
“B3:
i}

62 84 E2 96 94 A6 98 82 84 63 03 FO 00 00 00 OO 00 00 00 00

48] Packet Continue Length=1356, Bize=235, Offset=1175

48] recy data[8] : 200

52 8 E2 95 94 A5 EIB 8284 53 DS DDD 0o DD 00 00 00 00
i Of fzat=1175

= e e e e e e e e e e e U
0077 £ 0 P — P 000~ 00 T = 00 P — — (0000~ 0 7 =

Emowuhuonhoodoodoodo
L"ILDU'IU'ILDU'\U‘\LDU‘IU‘ILDU‘IU‘ILDU‘I

|J
o
nNo
~
:%
»

et 21 screenshot

2! Mol T2 AL2Z22H =418 POUNIA Z2EZ2(KISS, AX.25)2 M

H312] ZO0IE Eelsttt. 8 24%2 2 0] =4&loHOF

g D312 CCSDS length gt& 05 457 01 1,3490ICt. 1,34901 72 CiotE IHA 2

° AJl= 285 bytesOI22 W3S Al BHIHO

St2, CCSDS length 24(1,356) 1 LAl HIHOI M&E IH2!S| of fset at(235)2 A

ettt & B =418t W3S & QI5H0 CCSDS S0l OLIY, Al HIHOI =Jt6t1)

of fset gtOll <=&l8t TH2!S| FAJIE Gl Al BHIHS IH2!0l CCSDS length @it 2

S0 COSMOSOl TH2!= &M&otd, €Al HHIHE =D|ststCh. 0 WMES BHE6HH 8
24%t 20l 1,356 bytes 3J12 IHA!0l COSMOSHI &E01 Ele XS ECIGHAL.

LU

b
=

ol
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B 0x
R
5
=
oo
)
> x
0t
on =
o =
W
>
[ £l

o
=
0F0
Qﬂ
1
Ol
ol

2

(@)

a)2l

18 249

i
=z

>
ro
|

UoIH 8
20 Y o i om
© it
o

e

, COSMOS2t Ot

Ol

o
fio
O

A
T —
AN &2, hex gt2 &850t =4lg = U= herculescte X2

? t
ot0d 3! XMcl T2 =& 8l0l HAIE0| Jtsst ds &QlotALtH

it
LODHE
POEL O Port  Buedste Tree TE hddrese Gl
[i] | 20 ] [ gl e S[er 8 o 1 o[ 58
0 ) |[F=] oW Eoe ] Doan | 1277
Col |sisn EubeSar 7 [IHELAR] - 1 W58 Pravocol © e ink PORT G

firound’ Statinn 7| IM5LAB| - 1 A Dawnl ink

T2 )& (Hercules)
ot floll Xl&a=2 ATZEFANHZ COSMOSE AI26HAICH, OE <

EAOIL HEE ULt HAEESE <ol TGHE Xl&t

fl

AT 20| IH3! M2l E2 02 COSMOSE et &&= Oz
O2tAd AFXHQF 200] hercules T2 0 UA EW 223 (18 80 CO

100 07)01 M2 M2l TS HA |40 8501 DD, LA AE &

HEED] AIEECH. 2IH0AM EYW R4 8= W2t AT 201 3! Xel

=2 HHM herculestlAl hex gtz &&= 22 SOIGIRULCH. Hercules &2
X

Nat= AZEY NI OtLIOA, hex g0l O HEQIX= Mg =+

H OE AZEANUAN HE0l SalE,

B

)

 OF B2 64 R B3 FD 05 90 BRI

O EE LR IC |

< »

a) Packet prdoess program
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% Hertules SETUP utility by HW-group.com = (] x
UDP Setup | Sedal | TCPChert | TCP Sesver UDP | TestMode | Abou |

Recsived data
EED {oa] a3 AL
{85HCo} {2BH32HASHBAHICHEE} ELHE
[{ED} {DCH | {AZHIF} | {F8) {ACHFF) [zrom [1z%
{78} {27 10D}
4 ' 4 4
. o =
{85H COt {7BI{SAHACHIAHACHAZHEDT Ll
{C8H (1| {ADH3E} 1 {FB} {BIHFF}
{7A) {47} {0B} {BFH 7aHF3} Serval salling:
{BAHCEH 42H{325{38H 7AHD3HS3HBA} v [ Saverecho

g CE . ™ Redsect to TCP Server
{80} IC0) J {803} {CO}

T [~ Fedeect to TCP Chent

UDP beoadeat

Fie ramer
Na fie

| losate | e |

Serd

18 80.C0 00 00 1 0007 W HEX  Send | ngmun
18 50 C0.00 00.01 00 08 W OHEX  Send | _nmWiereepcom
— | Harciles SETUP wiliy
| I HE«'. Send Version 3.2.8
b) Hercules program
g 25 Z2 82 0|lst HIAE Z 1 screenshot

D. Xl&= 4 dlu

SO KMSL 2t

1L

e

AAMICH Canyval-C ¥ QCIHHIOIA=
ATEYO(cFS)2t T2&

SR

KMSL XI&=2 28 HE=S =2c2l(decoupled)ottd JHLolR LD,
260lA1 2= 2410 20| csp_libE 0I5t A sS4l
S(FI4 23, 918 2H S)2 U ATEAGE 74

1401 HelotAd 0, KMSLt
Z(AX.25)2 AtE3dt1
Canyval -C XI&=
I Helotd,

212
TS XA OHZorRUCEH

CHat EYalE ESigm HAIC S W
eH KMSL Canyval-C
HigH AZTEYN cFS cFS
?1d SHEE ISIS TRXVU GomSpace NanoCom AX100
IZ2EZ AX.25 AX.25, CSP
Aa= S& Hl IC-9100, CheckoutBox =& | GomSpace NanoCom GS100
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Satellite Ground station

Terminal

Ground station
GomSpace RF GomSpace USB

Software
—P>
AX100 AX.25 + csp GS100 KISS + csp

+ packet + packet csp_lib

a) Canyval-C S4&I CIE{HIOIA
3D Tool Bar

..Radio
control
panel

= e

status

Console
output

b) Canyval-C X&a=2 AZTEIN (HAUHED MHZ2)
8 26 AANOIstw Canyval-C #4

KMSL1 Canyval-C Xl&t= S4l QIEHOIAS 08 270 Z=AGHACH. D0l A
A1 Z20[, HESE =2cle KMSL X&a=21 G2, Canyval-C X422 &
Ei0l StLtSl &l (Gomspace GS100)0IA EYotn, ZTEEZ2 XMels csp_lib
Oof KHAl JHE st XA= ATEYOA HMelstCh.

[l

_46_

Collection @ chosun



KMSL

Canyval-C

Transceiver

}

Modem

!

Packet process
program

}

COSMOS

| AX.25 + packet |

| AX.25 + csp + packet |

GS 100

| KISS + AX.25 + packet |

!

| KISS + csp + packet |

| csp_lib |

packet

| Ground station
software

& 27 KMSL/Canyval-C Xl&=2 S4l

CIEHHOlA Hlw

Canyval-C XI&=2 GomSpace GS100 ==41J|2t 20| csp_libE XI&ct= ZH|02H
MEZ0| Jtsottt. Xa= S==4800t D&E0l ZdotHL OE ZHl2 wHGHHA
csp_libE XI&3HA 2= HEIE MESHH =X, TH2! Mt Itsdt0 K&= AX
EQN EXHE AEE = 8 EHH A4 20l 2Its0otCh. KMSL K& =22 HAR0l=
HE2h 2el(decoupling) &, Crsh X&= S40|2 2 XJ6HD 2H Z=2
180l HAEOl DHet: +=FBI0lI AIZ0l Jisg XS &elotdt. & X&a=2 2!
el gaol oAM= HE 1501 ZelotRUCtH.

I 15 KMSL2} Canyval-C TH2! HMel Al Hlw
E KMSL Canyval-C
e DY decoupled tightly-coupled
o Ctest S4 HHl X S &l Mst
A2 S 0|8 HIstA
Jls ot Ctst Dl &8 Jts HIstA
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9]

H

& 8ICt.

MHAHZ Ol

o
o8

0

e

~

o
W

ol Al
oI

tI1 <l

4

o
ol

S0,

t= 232

= JIE0 ALES

off A

o
F

ct=
—

HiZu J2ts

gt
=
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<
I
I

HZUHA 2% 2 42 2HEH| fAdiMe NA=30] 2RO, Xa=S A4
SAS I CHHILE, &XED], EHAIH 22 S4l StEANY 2ZEAHZ 24 E
Ct. X&f= 2ZEY 0= Sl otE/ANHE Moot E28, HdsS M&Eotl A4
HBE 46l ZZ2OHS0| JUCH. ZEUELUHA LSt Us KMSL FER/ASES
2HHIoH)| 2o EE8E XNa=s AZEHes LE &4 ZZ2 1801 COSMOSOICH. COSMOS
= A& 290 228 sHAHQl Jls(command sender, packet viewer, telemetry

viewer, telemetry grapher, data viewer &)1 CtFst S&I 2HAI(TCP, UDP, Serial

)& XIJStCh. SFXISH, COSMOS2t XI&= S4& SHEAN(TNC)LE THE AZESRI

(SoundModem, RF Checkout Box)E O0I&3dt0 W3S &=4I5t0| fIHAM= KISS, AX.25

22 ZZEZ22 NG LO0tA &= NI OF SHCY.
H

IE LS 8 He=Z 22U THAIE0l CHolAd Dedg 2R 2101 8 2338 1
ciot™ ECh. SHXIBH, SI4 JHES A= X6 QA= HE BIED D12t HES
DeAGHA 22 == S0 JHEY HI8W JI2tE ©@=6H)| fIolMd= JIE0 AtEot= S
Z2 THAIE0l = 206tCH

2 =20lME A&=3 AZE U MAHEY a2 <ol COSMOSE +=&EotAl 21,

L2TESN CHEZES HESIH K&a=2 HSa #=E(layer structure “H3IA,

=l )2
Z2EZ(KISS, AX.25) HMcl HES F4otlt. Z2ES Xl HES Z3Sot)| fot
Of T2 Hel T2 O3S JHEotRULT.

DZEZ Mol HS2 ZS=S g W3 Ml Z280 228 2+ At

>
_0=

il

0

[ J_Z'-
Pl
{0
1o
c
S
o
_‘
o
0
%8
@
o
O oo
> o

W 2+ Atetel Z2&= X

o
Koo
:CCI

of g S+40] &= A
O

A Xel 2289 3 KISS/AX.25 =2 & Z2| header/tailOl FIt&lD X
NEE HAS =OIGIATH. Al B 2+ Atgte! OI0IeH E&ha 1,356 bytes 3J12

T2)8o MAEH

| &0 HEsS M%=6

nio

o HZ It COSMOS

Hu
P
ok
0
rr
»Y
o
Jou
o
_O'j
Y
[
>
0
H
il
Pl

_,_

y f>
>0
@
Q
e
o
(/J
I?'|F
IH
HU
I
i
o
>
0t
ol
=
—lo

|H

[

/Cl =] _]|. _T‘_l-X“
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ABE/ALS2 X&=1 RF(Radio Frequency) &4l

Uplink Downl ink
Center Frequency 145.835 MHz (VHF) 437.265 MHz (UHF)
Bitrate 9600 bps 9600 bps
Protocol AX.25 AX.25
Modulation FSK-G3RUH BPSK-G3RUH

1. KMSL cubesat hardware

KMSL 3U Cubesat

KMSL RE?IAZ2 100x100x340.5mm |0l 3.595kgll 3U AER/EC=Z SHHE 2E&
F O 20 AE AAECS RAHE2 Ot O™ 21, 3AHl Avionics, 1 e
EEMMZ 0120 U2, Center of Mass@t Data Interface(Harness)ES 4ol bH

ot AL,

ol
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Antenna

UHF/VHF Antenna
ISIS

Solar panel

\

Triple Junction GaAs
Solar Cell
7Cell x 4Ea (+/- X, Y)
2Cell x 2Ea (+/- Z)
DSW

Avionics bus

Comm board

OBC
Interface board
30Wh EPS & BAT

MTQR

KMSL cubesat —#Z

KMSL RE<IA avionics
x| Astotd| oA
FEHE 0l BH XIS

=2

cable A
C

z 0

d

ol

#
o

0

Comm

UHF/VHF Transceiver
ISIS

Payload2
Biological Module
In-House

Payloadl

Combustion Module
In-House

Structure

3U - Structure
Endurosat

28 #4&= Otel O 21, #4 Bus 2t harness
PC104 connectorE ZI0Het &8g = ULE= avionics Bus
M =oILCH.

OBC
Onboard Computer

Soletop

30Wh Battery
Clyde

IFB

Interface board
Soletop

KMSL avionics

(“/Collection @ chosun

MTQR

3-axis MTQR

DSW
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2. KMSL Xl &=

Icom IC-9100 KPC-9612+

— B

FUNcubeDonglePro+

RF CheckoutBox Packet process program

RF CheckoutBox

KISL FE9is 2HE A8 o= 74

KMSL FER &S 2HHoh| fet Xla=2 ? A8 &0 7450 UCH.

a. Hardware
® |com IC-9100(transceiver) — 8t CHSl ZHIOA OIOIE &S 8 sS40
£=A0| Jisst 42 X2 SZD|(power amplifier)dt LHEE OIOIEN 2

& ZHI0ICtH.
Kantronics KPC-9612+ (TNC - Terminal Node Controller) — E{0IZ0IA =4I
st CIXIE HIOIEE Ootga 452 BHIGI0 EMAIHE S5t dS6H1,
EYAHE Solo 48 otg2] 58 2xot0 CIXIE HOIEE EOI
= ot=I0 modem(H=Z7])0ICt.
IS RF checkout box(transceiver) - €141t &l
AlLIE HAE ZHIOIH, 59 B5
FUNcube Dongle Prot(receiver) — 150kHz ~ 1.9GHz2l 24 CH

&t SDR(Software Defined Radio)&LICH. SDR2 ASE #$4lotD

= 2ZES
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JINM XMelote ettie =X, U249 & Fh BHEn 22 ¥Z2 J1s0l
L2TEANHUA =HECH. FUNcube Dongle Prot= CHHILIRE USBEH HZGHH
T, MAHol=E 22& MU J1s0l el RLE 482 SAE BFRHUA
ATEQUHZ MOSHCE.
b. Software

® |SIS RF Checkout Box - GIERONZ 20 HBE=E AZEUHZ SES
ft HEX 2Al ME £&, Fh+E KNEEY &= UL /S THA
L AHEHN s FEE BoF= HED /80 ¥¥s 2¢ = Us
uplink IHEO0l QUCH. TCP/IPE =8t KISS(Port 3211)2F binary(Port 3210)
OIEHHIOlIA YACZ CHE T2 3 HAE = UL,

® Soundmodem — SDRE Soll =4l=l OtE2 IS E CXE HOIHZ BHEAIHA
Z== software dual-port Packet-Radio TNCOIOY, Andrei(UZ7HO)Oll 2I3H JH
CApCH. OLgst 52 gAD S HEE MSSHCH. TCP/IPE SE
AGWPE(Port 8000) ¥ KISS(Port 8100 - 81 Jts) CIHHIOIA YAaloz [
g T2 ) AZE & QL.

Collection @ chosun

_55_



	Ⅰ. 서론 
	A. 연구 배경 및 필요성 
	B. 연구의 목적 및 내용 

	Ⅱ. 연구의 배경 이론 
	A. 비행 소프트웨어(cFS) 
	B. 지상국 소프트웨어(COSMOS) 
	C. 위성 통신 
	D. Coupling 

	Ⅲ. 패킷 처리 프로그램 
	A. 요구 사항 
	B. 통신 처리 
	C. 프로토콜 처리 
	D. 데이터 병합 

	Ⅳ. 패킷 처리 프로그램 검증과 분석 
	A. cFS/COSMOS 직접 송수신 
	B. UDP를 통한 프로그램 검증 
	C. RF 통신을 위한 프로그램 검증 
	D. 지상국 구성 비교 

	Ⅴ. 결론 
	참고문헌 
	부록 


<startpage>15
Ⅰ. 서론  1
 A. 연구 배경 및 필요성  1
 B. 연구의 목적 및 내용  4
Ⅱ. 연구의 배경 이론  7
 A. 비행 소프트웨어(cFS)  7
 B. 지상국 소프트웨어(COSMOS)  11
 C. 위성 통신  14
 D. Coupling  20
Ⅲ. 패킷 처리 프로그램  22
 A. 요구 사항  24
 B. 통신 처리  26
 C. 프로토콜 처리  29
 D. 데이터 병합  32
Ⅳ. 패킷 처리 프로그램 검증과 분석  34
 A. cFS/COSMOS 직접 송수신  35
 B. UDP를 통한 프로그램 검증  36
 C. RF 통신을 위한 프로그램 검증  38
 D. 지상국 구성 비교  45
Ⅴ. 결론  49
참고문헌  50
부록  52
</body>

