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RCF Return Channel Frame
RFSH Return Frame Secondary Header
ROCF Return Operational Control Field
RSP Return Space Packet

5/2 (2007) pp. 67~76

[ RAF
Al Franes acer
| Prodoon | ——re— —
o RFSH C]
Frames.

— Rf —————————
Production |— RCF —p.

Fackat
Froduton

R users

Froem Speirk
18 6. Return SLE services
I 2. Forward services
== Al
FSP Forward Space Packet
FTCVCA Forward TC Virtual Channel Access
FTCF Forward TC Frame
CLTU Communiations Link Tramsmission Unit

any (A
PR ] .
M= FOTU = 1 prgmgg (#— FIF ——————
¥ “ Producson E '_]
ROCF | i ,E‘I: Flovea —]
Production e —| Users

ROCF

[

Towards Spaceirk

18| 7. Forward SLE services

SLE Management A1H]2=i= SLE AH]2~ A}-8-%}
7} SLE MM =& Ag8k= 53 SLE AH| =& o] &
st7] ek ~AE A 9 dEAgE T,
w25 8k 71e S it o)A 7F
7] 984l SLE Service Managementi= %<3}
Information Template¥} Interaction Mechanism
= AlEe

Information Template<> A H]2=9] E}¢] 3} AH] 2~
o] QIZ~EIA7E FolQl Aol sl Ali-shalar, B A H]
22 QIR0 2P I AH] 2 A 28e] A I
AEZE QIHHo]~E At vEpdth mpx|2te
2 AuaE Adsts sob Auls Al TAS SLE
Complex 2]2= 444, RUHY 2o HE
Eohe A== A F

Interaction Mechanism= AJH|Z> AREA}59]
Utilization Management (UM)Z3} AH|Z2x Al3F=F
=<1 Complex Management (CM)Z ARo]of 943}
3 ZEA] ARWZES Ths A sk wlAYSFolTh
13 82 Managementol] o3+ -4 o]},

OKF 3
rﬂ

ol
_,d

Al

dt o o oo



-
o
oty
o,
~
o
ok
4
N
2
ik
N
iGN
oL‘I
oZl
(@]
RS
Do
S
3
k=)
ksl
(o))
\]
4
(e}

Spacs Link Extension Systsm

SLE Complex N
l j Utiizat
Complex Management ‘ > jizaton

Management

——

Intemal
SLE Transfer Senvics Froduction SLE Transfer Management
Service Provision

T T
Intemnal Management
3 3

Agrsement and setup of
SLE-SM services

Frames
Service

|=T1* Provider
= RFand
Medulation
Equipment
cLu

RAF andior RCF Data Units

SLE Transfer
™~ ¢—  Service Service

CLTU Data Units

Provider Users

18| 8. Management Context

4. |2 7= Al

4.1 SLE-SM(Service Management)

rE
_1{)1-
rE
:Q
Jlm

o, _\cl rr

7] "}014 H]E‘%]ﬂ’e—
DUsZ T’Lﬁii‘}% dloly x5 gt
= = NASAS} ESAS] ©f
of| A Zrolk 4 ‘R)ﬂ'. 71 % ESOC(European Space
Operations Centre)} JPL-2- 2} ESA2F NASAo]
%3l 3= 71Ho 24 A5 ESA9] Integral mission
o] NASA2] DSN statione #l|&-Hro} 4=813}31 =t
o] wj SLE AR 27} 714 0 2 AFE-F It} SLE A
H| =5 o] &altt By 1 AMH|2E5e] A& viuA|
HES = 897 EEHAL 23S ek A
27 A AABHA H Atk ofol what A8t} AlEA}
7ol Aul~E o838l THahks Z7te] MiuAIHE
A olaA H Atk UM, = Utilization Management
i ah= AN AR A EE v dS 5
5}7] 9]¢k SLE 48] 229} TT&C 82 doful= 7%
& waett 28al ATAS UANES Bdshs
7152 CMelzhaL stef wjAdel] tjg TT&CSH SLE 4]
7re] IHAIE B Heta ’\WV\ Aol gk Fs
gk AH 2 93 AfH) 2~
Holl tfgk SHS T

il

71

okt |
AFEE |
g Servce
Frovison,

TTAC/SLE Complex

=S

Mission Data Operations System

Spacecrall comemand and telemetry data over SLE transfer services
Spacecrafl command and telemetry data over other (non-SLE) communication paths

MDOS-nternai coorgnation

18l 9. SLE-SM Context

T3l CCSDSoA A 2]dH= SLE-SM Resource

Model 2 19 1037 2t}
RE space
[ Forwaraspacs || Porwsrd | . | Forwardink | | [ Forwsciru
| Link Carrier | symboi Stresm Protocal Processiog Teansfer Service
O =
anteera R~
Erre— o Tramter Seey
1 Retum Space { Ratum o] meenue |7 Ty
| LimkCarrier | Symbel Stream [Protocol Procesting
e 0 mewmmce |

Trarciter Servics

s
18l 10. SLE-SM Resource Model

4.2 SLE-SM = 2 EE}Q] 7l 255t

BNSC(4=)/VEGA Group : AW E 7|Hko =
3t XMLuF g4 e] SLE Aol Eg]elE 7Eatgit)
o] 2 EEFR]o|A SLE A1) 2] ¥ $]:= RAF, RCF,
CLTUZ 7 5m Anjz vy A EFA 2 th5-3}
2t} [12]

WA TT&C A2 A= WA ES
250 AH) 2 ATl gk 7MY ol &R E
g GS(Ground Station) HXE Xﬂ o=t o
TT&C Au|=E o|&al7|= 24t wHd
(SLE A{H]2~ AF82P+= Cross Support%%‘ o
H sl w1 oo)ake] TT&C AH|2= Ale}
9Ade Uplink ®+= Downlink frequency?} Data
rates® 28 dhEpu|E o) digk HEE Bl 1 9]
dol A% dloly 3d& XML XHloR HE3ir)

A off & Lo m o}m
2 2 o g o



2o AFAEelA A2 A9l 914

[ & o o
w ofr o\
ni
fo
&
Tﬂ
—_>‘£’.

j
o
>

N

Q,
Lo
s
fHo
o
k1
i
ol

IEE = xﬂﬂf}giw o] 7t} 18] 3 CMO.&
F-H SLE AH]=F ©]&38}7] 913 KT ES o] s
ojuf g7t A QshA] FeF Aput o ETS Al
=t} o] ¢lgHo] 2= Aku} RMI(Remote Method
Invocation)® F&E T T3 XML Qg o=
wAd#A7F TT&C AHlZ AlF Al Al Algaffof
e Hloly Ao w FAHETE o] A2 AHA o 4]
Bepe-AE F3l meskd ddAos mAds A
Adstal 5T 4 JA g Aolth. 1 & CME BE
tolHE ATAS dolgno]zo] A74ggit) of7]
M AE] 2 U AR Ee]] R4 ol ok Ao laL

o o] 1*)‘5‘"':/‘ o &k ?’“*O— °L0}i7ﬂu}

z

K

7}
s 7 AES HolH & Joﬂ &E&% Xd%—ﬁﬂ?«l
AR ARt Tela A IAE A7 CM
e & FHl7E =W AEASI GS sh=det

[PC HIAIA] AH] 2~ FHPGENR Sojzbt), o] g A &
AFo] AA w1 A TCP/IPBAIS 7|Hto 2 3t ¢
o]E] EAI(BIND, START ~12]3 TARNSFER_DATA
e goli)S At

32 11. SLE-SM XML Prototype

ol& A ¢ Au] 2~ SLE AH]~E o] g3t
Zelo g A2 o] g3h= Zmth AlRkau] 7}

Hi fo
2 [

3 5/2 (2007) pp. 67~76

Ea1 v $200,000(01 4wt S doket 5
. 1% 11 SLE SM prototype 142 Z 25
HoE

mlru %0

_u

- Lockheed Martin/ CSOC : Lockheed Martin<
NASA®S] GS THA D& Falst= 3 WA Aok
A CCSDS®] SLE Aatte] GS el shdgh 27
olgfar whksto] JEshAl ¥ ATE. NASANA A5l
SLE AH] =& o] &alA| € 21 wlefe] DSN 1H #H|o]
25 X dstr] g8l AlAEinh SLE= $H59 NASAS]
9ol Bk @AY diideldTt = GSFC(Goddard
Space Flight Center)®] ##% v o], 3% 1A
A= SLE7} 857 8% NASA= SN#h
GNellA] SLE®] ARgell digh x93 Bl ~EE A&
t}. o]o] Lockheed Martini= CSOC(Consolidated
Space Operations Contract)e] #H7]&S ©o]E3}H7]
5 ZA7stal NASA 7S Albsict A5 st
SLE Testbed®= NASA2} AFSCN(Air Force Satellite
Control Network)?tll Cross SupportE -3} &
o 8M 1 7Fs S Sk A717F H AT

I % 95 4 52 579 AAES JERA F
A=H NASA9] JPL¥} ESA7Fe] INTEGRAL #|A
o] SLE AH|2E ARESE Zlo] 1efgt oot} 1F
11+ Lockheed Martin/CSOC7} 7)'#-3F 3 2 &E}S]
o] 73S vkl Ak (9]

r Site (WOC)

o] smsion o

F )
H;‘ 3

\ Ground Tracking Station fal |

*
Usimbon
[

18! 12. Lockheed Martin prototype

UMz} CM Atole] Fa stk dlojg wshe XML}
o xS AE-FaL SLE HH] A4S S5 A
3= ©@ A= BNSC/VEGAQ]
At et Edstt. o] iiEE‘r%‘iﬂ A2 Z A
= a9 133 £

L Aul s Age



H Utilization Manager User
Complex Manager § Provide User Workstabion Workstation
- Receive and sioee H screens. e
Configuration Profiles Submit Service Request '
- Process and respond to ‘ XMLM fems
Service Requests § | - Configuration Profile, TTAC
- Control TTAC Equipment i servee
i Process Senvice Raquest
H Responses
i
H
i r
H Z .
¥ ST oo Comtar —l :“;:-n
= [~ -
i Mission Data Operations System

. Prototype Approach

fvtec TTAC
Equipment
TCPIP T
Complex Manager | Utilization Manager User
- Oracke & database Workatation
= Windows 2000

£ 3000 - Apache Web Server - Web Browser
= Web Sarvices (SOAF) + Web Services (SOAP)
b - JAVATDOM

Ground Tracking Station Mission Data Operations System

18l 14. System component

UMS] 7438 A A H] 22 SOAPS AHS:
AL gl AL B Uk 28 15 UMe] of

_/[\_‘
7)eA & Ep S1glol,

Future: UM Profile and Request Processing |
Forward XML Documents / Process

I
e e
m‘a Service | ymg | | ML
e || x| | Resp | | Service
b ! | Request
T T I | Receive
User Interface / XML XML
Instance Data RSE"""’E
Eart | esponse

| “Web Sel'\fSHSOAF’ T [ - 0T commueanon s Wes Sevvees
| o X ) [ -SE 5M Proactype Devebopent Sohwane

-TCP."P et : 2 : [[] <505 3 Defined 104 ata Foman:

[[] +coms chert ans server piattormm

18| 15. Utilization Manager

UML- Uld|A] Au]~E @3 shH XML tHFHE
o ] XML EH o= CMoll Al A~ 84S AR
25 B AEsi)

19 162 CMe] 745 ek Z13oltt

&% 5/2 (2007) pp. 67~76 73

[] - coms commurscatcen and et Servees
[[] - cc508 Pa Detres 10 Dota Fermats

| — | R r—

| Web Services - SOAP

Ii z . [C] - cims cxne and Sorver Prsteess

CME M|~ Z3] 239 XML 38 A
sko] dlojE o] ol A st Hlo]Ex) Au] 2~
gols, 783 & e Anls Hol5g AFshal
Mujzzg ol gt S-S XML 9] 3l 2 UM
ANA AFgr) o] g A AFH SHS UMORE 7HA
Anl2=7h g g oy gk Aul 2 EAE AAA o
2 ol a7 173 ¢}

+ Create clientiserver data structures

Phase 1 |+ Create relational database tables from
higrarchical XML data structures

+ Populate structures with sample data
+ Integrate and test network interfaces

« Deliver request responses and enhanced
user interfaces

| Phase 2

* Implement TLM processing equipment
control

+ Demonstrate control capabilities including
WIRE set up

+ Automate request | respanse pracessing

| Phase3

./ In Work
N

18! 17. Phase Implementation

NASA JPL : Lockheed Martin®] ZZEE}Y] 7Y
W TS FeE SLE A2 ZRAEE ool A
oj71%t wl gl JPLI ESA9F S=8)% INTEGRAL
) Aolt}t JPLe|A = DSNe DSMS(Deep Space
Mission System)¢} AMMOS(Advanced Multi-
Mission Operations System)® A ® X2 EEFS]
S 7ieEi=dl DSN statione SLE CLTU AH]
25 Agsta, AMMOSE RAF, RCF AH] =& A
gotes FAdPom 2 ARl 942 9] XML
FI &2 FAEGATE FdE DSMS A RS AR
s 189 2k [11]



74 o1 9] /il

SLE User SLE Proides Gaddstone DSCL
»

Single, Saandard, Interface fos
FACLTU Service sthriduling. wryvrncing, traprten .

Nk
| mah SLE - Lt ‘\‘
J a
3 oy &
oot

Service Management
System

Flight Project

Canbeira DSCC w,
Misslon Operatioss 3

x ¥

AMaidrid DSCC

F Tutermal
COEDS SLE 581 ovisioning
Stanidard Exchanges

s o, €1 |
T | Advance Ml ‘

Mivdon Oy
R-AF, RCF Syveem
Serviors

-

g W

18l 18. DSMS Architecture Overview

Legend

4% Space LiskSLE

+ = External SLE Management
» lntemal Mansgemest

nterzal Telesmetry
Processng Rowting

A DSMS +A4-& SLEE 118814 &L B9
AA9F Lockheed Martin/CSOC7} H.ol<= 7F4
91A3slal SLE MB|AE E5o2 B NASAY A
o gakg wro} AjZo] FAE Zelt} JPLE ©]
2EE]eIA R XML 23& AR AT o714 347
o] AT} SLE AH| A2 o] 8ok AJATIRES] 2
FEES vaE B a9 19, 207 2k

o

[ 2 o

15AS MLUSES-C e
5 SLE Pravides
esamosgrra - HEACY SLE Pr
JPLTID
[ Seheduling
Schatioe s DS e
— Sequencing  Sevvice
Sequencing ] Masap :;::
[ Trmjeciory  Siviem
Trajectory J
[} SLEConfie
SLE Config =
PROTOTYPE
CSSXP Frotetype System
Service. | xELY — | schdin
Request | 3o g " pss X
oSS Tracking, | pnt [ Seoencng Servic Dsats
Stanbied Mgmi 4 — Management || Gromud
SLE 5M Servie b s |5 Tiatoctory Svtem Syvrmy
Revquests N # - i
(] < | 5LE Contip
| Ovaclen) E il

18| 19. CCSDS SLE service XML Prototype

Serviets

Business Layer

(Service Request Processor,
Confipmation Processor,
Response Generation, efc.)

Model ObjectsValldation
Database Utllitles | XML
Applet Utilities
Redquests
] soars JDBC/SQL DM
SOARMTTP [ g HITP et :
[ Tegend
CSSXP Java code
COTS/Public Domain Code

38 20. CSSXP S/W Architecture

%1714 % 3F 5/2 (2007) pp. 67~76

- 718}AHE] © AFSCN(Air Force Satellite Control
Network)¥} GST(Global Science & Technology)
= =g o7 sk SLE SM prototype?] A o3&

4L =ol7] 93k B2l o g UMS /gl JPLY
CM#} 374 SLE AR5 H2E it} A4 GUI UM
= 755t AR Au) el tigk @7 AAl, AL
9= He]om Anjz gl tigk Fel Tol g
A& BRI JPL-S AH] 2 @ Ao gk 7o 5
9 DSN A9 AHYS shdala XML o2 9 Ao
3t S HAEdh 3 E-mailS o]-8-3F wA]A]
WEAE AP [8]

DataLynx Ops Center
Columbla, MD

CERES S0C
Datalynx SchedMgrd system Colorado Springs, CO

i 1 R [ \ ) et chent |

JHU APL o
Emad cliont & Emeonsole
& Hauent L
e - —
Wallops Flight Facility *
Wallops Island, VA
| WrF scheamagmt systeminy — ,.-"F
= -
== I P
f— el 5 Fe R
Email client & EmConscie AR
v JAXE) J

18l 21. AFSCN/GST SM  Prototype

JAXA(Japan Aerospace Exploration Agency)
NASA®] DSN¥} 37 Au|2 f-# 9} Algate] g
S 7Z}7F 2= 2102 Cross Support B34S HAE
A 20061 Multi-agency S48 NASA,
ESAS} sh7) wkx gt} o] | ~Eo] A= SMTP(Simple
Mail Transfer Protocol)& ©]838F SLE AH]2= Q1F]
o] 29} Shadow Trackingol] t3dt HAE7} o] &
Ak o] HAES] Fa3 5242 SLE SM 5 T2
EEF ] E8A3 CCSDS 71#E Atole] SM A%
35 TXIA1717] $1&o|t).[10]

User SM (Red-1)
Frototype

SLE Transfer
Senvices User

CE5XP Service
Preparation

1S (1 28kbps) ——1 SLE Transfer
Services Provider

18| 22. Interface Test Prototype



T3] 9] / FeeFad)e

ROSETTA ALOS
............... i
ISy N
i
>
i
Priider SM ("-,” i
Protetype (Ried-1) L !
= Service [
I
|
oM | |
i
SLE Tearater 1 I
Sarvices Provider I
I
|
i

18| 23. Shadow Tracking Test Prototype

5. =L 7 A=l

Slefl A s upe} o] SLE AH] 2o sk &
2 A AAAQ olgrolth o] we} KARIOIME
%72 IN-SNEC®] SLE Al&A} Ale]EdolE F+4&
Alglo] 1e) Foll 212, SLE AH] =5 o] &37] 9]
gk AxEtE FF3H7] Y8l SLE AREAF Ale]E o]
7Nk Alzke Aol Utk o]i= AlAl f42] s A}
dE 5o & 4 gl%o] SLE AH]~ 99 RAF,
RCF, CLTUZ 7|8to2 A9 Aot} I7 24%
3 7] ESACA F& AFE-E 1 913 Cortex SLE A&
2L Aol Eglol o] 2| U5 vERA - o]t}

M&C Interface I Local MMI
- MAC Interface

o
: €.l
= SLE Provider R
=
b Framework 32| 83
Gl -
| R-Production ] | F-Production O i s
Interface | | Interface |
R-Service F-Service
Production Adaptor Production Adaptor

18| 24. Cortex Provider Framework

I8 255 ESA°A AF83k= Cortex SLE A&
2F Ale] Egllo] o] 1E|#| o] 2~o]t}. [12]

29 25004 & = o] FAE AFEAL A0 E
ol FA 4 ¥Rz m 5 3tk 3 iAE

Al Ede] AAel #3E Ftolal, 5 WA= Aol

5% 5/2 (2007) pp. 67~76 75

Ego] Mulze] e Al W= Ao Egol9 A
HE RUHHESL BoE 7 v Fo] Hasta,
wpA| 20 2 SLE AR 2ol s A7hs7]37F B8
g o] TM, TCE AF3 4= = dolgH o] 27}
o3t} wekA Cortex SLE Al&AF Alo] E 9ol
o} AA3Z} 4= 9= SLE AEA}F Aol Edol & T4
3h7] gk 8 AEE EASHH 3 33 o] A
o 4 Atk

¥l cortex-nt MCS:5~5LE CSGW

CSGW Config | 1 Lint 5IHm|

State|  Run Conf [ Ok Ackl Dk

Monitored Service Itance | [CLTU] - sagreSAGR spacksSPACK fibigsFSLFG chuschu2
 Paameters _ '

SICFFie  CSGW_CLTUZchu SLE Version ]

Indistor [lelt Start Time 20040301 00:00:00

Responder CSGW Stop Time 20051231 000000

MaLg Bis) 2000 ModsinFrenHe) Pothvaisble

Min Digtay [15] I lod]  [Not Avadab

Max Delay fs) T — Plopin Effect Pop2

Bt Lock Req T 1FM Moduistor [ =

FIF Avalable Fi IFM-1

R |

=&l

Latus:
Senvice Initarce Stale Hb Accepted CLTU [Lsst ]G 101

Produckion Staus [ invaid | Nb Radiated CLTU [Laet D] 0 0]
Uplink Status | invabd ] NbDiscaded CLTU 0
Loss |

18| 25. Cortex Provider Gateway

E 3. User gateway QT7AIE 24

=AM 7=

1 SLE AH]2= W9 A3 75

2 A8} Q1 5| o] 2

3 SLE system ¥¢] Connect ¢1E] o] A A

4 RAF, RCF AH] 2 olg #|o] 2~ A7

5 CLTU AJv] 2 QI Ho] A~ A A

6 Configuration ¥z 2 ZUHH 7]

7 SLE &A AHl2= 7%

8 x]H] 2~ Operation 7]

9 0] 2 Instance?] e t2=Z o] 75

10 23 A% 7)ol ugt dlejg o] A

11 T™/ TC A% 715

12 User Application 2] #3321 7]
6. 2 E

o= AF %ol AAl A8 7] $-F7]
WEE SLE AH|2E o] &ste] 5 el digh
S JFA713 A v 2 v 22 A=



2 3 SLE Au)2= iiEE}H‘ o s} 7
Al = 91%01 g ZRAES of Yt g
7 FEo R AL SEles Ao] Wol WAy 9
o #H ESAOHH% ofg] Z7p7F #EE -7 s
Mz Agtete] e 4= A% Cross Support®
A gFsh= SLE 7H-& 7F53kstal 9lt. o]o KARI:
ol SLE AH]2 ARgA} Alo]ESjo] 7S 7]Rke.
E SLE Au] 2ol thh AlF-2R1 A7} sertks]o] Al

T 5718 A gEor 2R 950
o)

|
EORL L

it}

|

—

. OCSDS 911.1-B-2, “Space Link Extension-Return All Frames
Service Specification” 2004.

2. CCSDS 911.1-B-1, “Space Link Extension—Return Channel

Frames Service Specification” 2004.
3. CCSDS 910.4-b-1, “Cross Support Reference Model” 2005.
4. CCSDS 910.3-G-3, “Cross Support Concept—Part 1 : Space
Link Extension Services”, 2006.

5. John Pietras, “An Interface Specification for Requesting
Space Link Extension Services from NASA TT&C Networks”,
2002, SpaceOps.

. http://www.esa.int/SPECIALS/Integral

. http://www.esa.int/SPECIALS/Rosetta

. http://www.gst.com/

. http://www.lockheedmartin.com/

© o N O

10. http://www.jaxa.jp
11. http://www.nasa.gov/

12. http://www.vega-group.com

1 7]4%3F 5/2 (2007) pp. 67~76
°}01 H

E 4 Ad0E

CLTU
CM
MDOS
RAF
RCF
SL
SL-DC
SL-DUs
SLE
SLE-DC
SLE-SDUs
TC
™
TT&C

UM

Communications Link Transmission Unit
Complex Manager
Mission Data Operation System
Return All Frame
Return Channel Frame
Space Link
Space Link Data Channel
Space Link Data Units
Space Link Extension
Space Link Extension Data Channel
Space Link Extension Service Data Units
Telecommand
Telemetry

Tracking, Telemetry and Command

Utilization Manager




