
Prepared b
Reference 
Issue 
Revision 
Date of Issu
Status 
Document T
Distributio
 

ESA UNCLASSIF

SOL_SGS_PL_

ESA UNCLASSIF

 
 
 
Solar O
Scienc
 

by Chris
SOL-S
2 
0 

ue 2014-
Issue

Type    PL 
on See D

IED – For Officia

_0001_2_0_SO

IED – For Officia

Orbiter 
ce Opera

s Watson 
SGS-PL-000

-09-05 
e 

Distribution 

l Use 

OCD

l Use 

 

 
ations C

 

01 

 List 

Conceppt Docuument 

European Space A

28691 Villanu

Tel. (
 Fax 

esac
Astronomy Centre

P.O. Box 78
ueva de la Cañada

Madrid
Spain

(34) 91 813 1100
(34) 91 813 1139

www.esa.in

 

c 
e
8
a
d
n� 
 
9
t� 



 
Page 2/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 

  Title   Solar

  Issue   2 

  Author   Ch

  Approved 

 Luis Sanche

 
 
 
 

 

  Reason for

 Clean releas
All changes 

 JL, AdG com

 Requiremen

 Initial issue

 
 
 
 

 

  Issue   2 

  Reason for

 Finalisation
Addition of 
AdG comme
Figure 5, 7 P
JL commen
inspired WB

 
 

  Issue   2 

  Reason for

 General upd
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

r Orbiter Scien

hris Watson (S

 by    

ez (SRE-ODS D

r change 

se for DR 
 accepted 

mments. Mino

nts Review and

 

r change 

n of RQR RID-
 planning over
ents 
PDF print prob

nts – in particu
BS-like section

r change 

date 

v 0 

l Use 

l Use 

 

nce Operation

SRE-ODS, Sys

Develoment M

 

or improvemen

d general upda

-143 
rview diagram

blem resolved
ular removal o
ns 4.3 onward

ns Concept Doc

stem Engineer

Manager) 

nts 

ate 

 

m 

d 
of the Bepi-
ds. 

cument 

 Revision

r)  Date   20

 Date    

 

 Issue  

 2 

 1 

 1 

 1 

 Revision

 Date 

 2014-08-3
 
2014-08-2
2014-08-2
2014-08-2
 

 Revision

 Date 

 2014-08-0
 

n   2 

14-09-05 

 Revisi

 0 

 2 

 1 

 0 

n   2 

 Pages 

31 

28 
27 
26 

 
 
 
 
Many 
 
Many 
 

n   1 

 Pages 

09  
 
Many 
 

ion    

 

 

 Date 

 2014-0

 2014-0

 2014-0

 2013-0

 Parag

 4.2 
4.2.8 
 
Figure
 
 

 Parag

  
 

09-05 

08-26 

08-09 

05-06 

graph(s) 

es 5, 7 

graph(s) 

 



 
Page 3/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Requiremen
RID-41, min
RID-145, m
RID-183, Ro
RID-155, Cl
RID-89, min
RID-8, edito
RID-36, min
RID-111, rew
RID-112, ad
RID-148, m
RID-35, min
RID-9, mino
RID-106 rol
RID-146, ph
RID-86, figu
RID-38, figu
RID-87, edi
RID-50 (als
RID-18 
RID-33, IS u
RID-149, RS
RID-34, Tex
RID-92, Pla
RID-17, Cla
RID-49, Con
RID-96, PS 
RID-107, in
RID-51, Plan
RID-99, Sep
RID-26, TM
cycle 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

nts review 
nor correction
inor correctio
outine plannin
leanliness plan
nor correction
orials 
nor correction
work of planni

dd SOMA to sc
minor correctio

nor correction
or correction 
ll angle planni
hases and SOC
ures 3-6 (impa
ures (solved a
itorial 
so affected by R

unit locations 
S instruments
xt about “enco
anning skeleto
rification on T
nstraint check
 approval, SAP

ngestion of MO
nning flow an
parate VSTP p

M allocation an

v 0 

l Use 

l Use 

n 
on 
ng contingenc
nning 
n 

n 
ing figures 

cience archive 
on 
n 

ing 
C functionality
acted also by R
s side-effect o

RID-111), figu

 
s and RSWs 
ounter mission
on “flexibility w
TM processing
king and plann
P planning flo

OC Rules and C
nd feedback 
pointing from l
nd relationship

cy approach 

 

y 
RID-111) 

of RID-111) 

ure update 

n” 
windows” 
g/ pipelines 
ning flow 
w 
Constraints 

low-latency 
p to planning 

2013-05-006 3.2.1 
3.2.4 
4.2.8 
3.3.5, 3
4.2.3 
2.5.3, 3
2.5.3 
Figure
text 
4.6.1 
4.2.4 
2.5.2 
1.2 
3.3.4 
3.2.1 
Figure
Figure
4.3.2.1
Figure
2.4.2 
2.1 
3.2.3 
2.1 
4.2.3 
2.3.1 
4.2.7 
4.2.2, 4
3.4.1 
4.2.3, 4
4.4 
4.2.8 

3.3.6 

3.1, 4.6, 4.7.4 

es 3-7, assoc. 

es 3-6 
es 3 
1, 4.3.3 
e 3 

4.2.3 

4.2.8 

 

 



 
Page 4/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Table of con

1  Introdu
1.1  Purpos
1.2  Applica
1.3  Referen
1.4  Abbrev
1.5  Docum
2  Overvie
2.1  Mission
2.2  Ground
2.3  Science
2.3.1  TM pr
2.4  SOC ex
2.4.1  Interf
2.4.2  Interf
2.4.3  Interf
2.5  End-Us
2.5.1  Intern
2.5.2  SGS in
2.5.3  Extern
3  CONCE
3.1  SIRD R
3.2  Mission
3.2.1  Missio
3.2.2  Space
3.2.3  Instru
3.2.4  Groun
3.3  Spacecr
3.3.1  Data c
3.3.2  Power
3.3.3  Orbit 
3.3.4  Pointi
3.3.5  Clean
3.3.6  EMC-
3.4  Other e
3.4.1  Coord
3.4.2  Coord
3.4.3  Coord
3.5  Coordin
3.6  Coordin
3.7  Lessons
4  Descrip
4.1  Concep
4.2  The Pla
4.2.1  Missio
4.2.2  Appro
4.2.3  Trace

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ntents: 

uction ........
e and Scope ..

able Documen
nce Document
viations and Ac

ment Outline ...
ew ..............
n Description 
d Segment .....
e Ground Segm
rocessing and 

xternal interfac
faces SOC/MO
faces SOC/Ins
faces SOC/Scie
sers of the SGS
nal users of th
nternal users w
nal SGS users 

EPT DRIVER
Requirements 
n Profile ........
on Phases ......

ecraft orbit .....
ument operatio
nd station cov
raft and Missi
constraints ....
r and thermal 
 ......................
ing .................
liness and HV

-quiet .............
external driver
dination with t
dination with t
dination with t
nation with ot
nation with no
s Learned ......
ption of Con

pt Overview ...
anning Concep
on Level Plann
oval by Project
ability of oper

v 0 

l Use 

l Use 

..................
.......................

nts ...................
ts ....................
cronyms ........
.......................
..................
.......................
.......................

ment ...............
 Instrument P
ces ..................

OC ...................
trument Team
entific Commu
S .....................
e SOC ............
which are exte
 ......................

RS: Requirem
.......................
.......................
.......................
.......................
ons and Remo
erage .............
ion Constraint
.......................
 constraints ...
.......................
.......................

V ......................
.......................
rs to the SOC .
the MOC ........
the Instrumen
the Project Sci
ther ESA proje
on-ESA projec
.......................

ncept ..........
.......................
pt ....................
ning ...............
t Scientist ......
rations ............

...................
.......................
.......................
.......................
.......................
.......................
...................
.......................
.......................
.......................

Pipelines locate
.......................
.......................

ms ...................
unity ..............
.......................
.......................
ernal to the SO
.......................
ments and C
.......................
.......................
.......................
.......................
ote Science Wi
.......................
ts ....................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
nt Teams ........
ientist ............
ects ................
cts ..................
.......................
...................
.......................
.......................
.......................
.......................
.......................

...................
.......................
.......................
.......................
.......................
.......................
...................
.......................
.......................
.......................
ed within the 
.......................
.......................
.......................
.......................
.......................
.......................

OC ..................
.......................

Constraints .
.......................
.......................
.......................
.......................
indows. ..........
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
...................
.......................
.......................
.......................
.......................
.......................

...................
.......................
.......................
.......................
.......................
.......................
...................
.......................
.......................
.......................
SOC ...............
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
...................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
...................
.......................
.......................
.......................
.......................
.......................

...................

......................

......................

......................

......................

......................

...................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

...................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

...................

......................

......................

......................

......................

......................

...................

.......................

.......................

.......................

.......................

.......................

...................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

...................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

...................

.......................

.......................

.......................

.......................

.......................

................. 6

..................... 6

..................... 6

..................... 6

..................... 6

..................... 8

................. 9

..................... 9

.................... 11

................... 12

................... 13

................... 14

................... 14

................... 14

................... 15

................... 15

................... 15

................... 15

................... 16

............... 16

................... 16

................... 18

................... 18

................... 19

................... 19

.................. 20

................... 21

................... 21

................... 22

................... 23

................... 23

................... 26

................... 27

.................. 28

.................. 28

.................. 30

................... 32

................... 32

................... 32

................... 33

............... 34

................... 34

................... 35

................... 37

.................. 38

.................. 38

 

6 
6 
6 
6 
6 
8 
9 
9 
1 
2 
3 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
8 
8 
9 
9 
0 
1 
1 
2 
3 
3 
6 
7 
8 
8 
0 
2 
2 
2 
3 
4 
4 
5 
7 
8 
8 



 
Page 5/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

4.2.4  Long T
4.2.5  Mediu
4.2.6  Short 
4.2.7  Very S
4.2.8  How t
4.2.9  Contin
 
 
 
List of Figu
 
Figure 1: A Sc
Figure 2. SOC
Figure 3. SOC
Figure 4. SOC
Figure 5. SOC
Figure 6. SOC
Figure 7. SOC
Figure 8, Ove
Figure 9, Hik
Figure 10, Illu

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Term Plannin
um Term Plan
 Term Plannin
Short Term Pl
the planning p
ngency Recov

ures: 

chematic draw
C Functional B
C Mission Lev
C Long Term P
C Medium Ter
C Short Term 
C Very Short T
erview of plan
king analogy to
ustration of re

v 0 

l Use 

l Use 

ng Cycle ..........
nning Cycle .....
ng Cycle .........
anning Cycle .

phases fit toge
ery Concept ...

wing of the ma
Blocks ............
vel (top) Plann
Planning Cycl
rm Planning C
 Planning Cycl
Term Planning
nning phase tim
o contingency
e-entry points

.......................

.......................

.......................

.......................
ether ...............
.......................

ain componen
.......................

ning Cycle. .....
e. ...................

Cycle. ..............
le. ..................
g Cycle. ..........
mings .............

y recovery .......
 as a step in re

.......................

.......................

.......................

.......................

.......................

.......................

ts of the SGS a
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
ecovery of scie

.......................

.......................

.......................

.......................

.......................

.......................

and OGS. .......
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
ence operation

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................

......................
ns ...................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.................. 40

................... 42

................... 43

................... 45

...................46

.................. 50

.................... 11

................... 34

................... 40

................... 42

................... 43

................... 44

................... 46

................... 47

.................... 51

................... 53

 

0 
2 
3 
5 
6 
0 

1 
4 
0 
2 
3 
4 
6 
7 
1 
3 



 

Page 6/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

1 I

1.1 P

This docu
concept o
Implemen
characteri
Science O
Instrumen
of definiti
procedure
addressed
 
This docu
not descri
 

1.2 A

 
[AD
[AD
 

1.3 R

[RD
[RD
[RD
[RD
[RD

1.4 A

 
AD
AIV
CaC
CP 
DM
EID
EID
EM
EPD

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

INTROD

Purpose

ument prov
on operatio
ntation Req
istics and c

Operations
nt Teams a
ion work o
es at the SO
d and will b

ument does
ibe the dev

Applicab

D.01] Solar
D.02] Sola

Referenc

D.01] Solar
D.02] Cons
D.03] Sola
D.04] Sola
D.05] Sola

Abbrevia

D  
V  
C  
  

M  
D-A   
D-B  

MP  
D  

v 0 

l Use 

l Use 

DUCTION

e and Sco

vides the d
ons and d
quirement
concept dr

s Centre (
and lessons
of SOC syst
OC, but the
be consider

s not cover
velopment 

ble Docu

r Orbiter S
ar Orbiter S

ce Docu

r Orbiter S
solidated R

ar Orbiter M
ar Orbiter D
ar Orbiter E

ations a

 App
 Ass
 Cos
 Cru
 Dev
 Exp
 Exp
 Ext
 Ene

N 

ope 

efinition o
data analy
ts Documen
rivers and c
SOC) such
s learned f
tems and t
e analysis 
red in the e

r the final d
 of the SOC

uments 

Science Imp
Science Ma

uments 

Science Req
Report on M
Mission Op
Definition 
Engineerin

and Acro

plicable Do
sembly, Inte
st at Compl
uise Phase 
velopment M
periment In
periment In
tended Miss
ergetic Part

of a mission
sis which 
nt (SIRD) 
constraints
h as the M
from other
the detaile
 of the perf
early devel

details of th
C systems. 

plementati
anagement

quirement
Mission An
perations C
Study Rep

ng Guidelin

onyms 

cument 
egration, an
etion 

Manager 
nterface Doc
nterface Doc
sion Phase 
ticle Detecto

n specific S
 fulfils the
 [AD.01] an
s originatin
Mission O
r missions. 
ed definitio
formance r
lopment ph

he science 
 

ion Requir
t Plan (SM

s Documen
nalysis (CR
Concept Do
port (Red B
nes for Exte

nd Verificati

cument, Par
cument, Par

or 

Science Gro
e requirem
nd which c
ng from ex

Operations 
 This conc

on of opera
requiremen
hase. 

 operations

rements Do
P). 

nt. 
ReMA). 
ocument. 

Book). 
ernal User

ion 

rt A 
rt B 

ound Segm
ments in th
considers th
xternal sou
 Centre (M
ept is the f
ational act
nts is not s

s data task

ocument (S

s 

ment (SGS)
he Science
he mission

urces to the
MOC), the
foundation
tivities and
specifically

ks and does

SIRD). 

 

) 
e 
n 
e 
e 
n 
d 
y 

s 



 
Page 7/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

ESA
ESA
ESO
ETB
EU
FCP
FD
FEC
GA
HT
IIC
whi
IOC
IOR
IS 
LEO
MA
ME
MG
MI
NE
NM
OG
OIR
OM
OP
PH
PI  
PM
PM
PS 
PO
com
PSF
E-F
PTR
RD
RPW
RS 
RSW
SAD
SAT
SGS
SIP
SIR
SM
SO 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

A  
AC  
OC  
B  

UI  
P  
  
CS  

AM  
THGA 
C  

ich Service-
CR  
R  

 
OP  

AG   
ETIS  
GS  
RD  

ECP  
MP  
GS   
RD  

M  
S-PS 

HI  
  

M   
MP  

   
R  

mprising ch
F  
FECS) 
R  

D  
W  
  
W  
DM  
T  
S   

P   
RD   

MP  
  

v 0 

l Use 

l Use 

 Eur
 Eur
 Eur
 Eng
 Ext
 Flig
 Flig
 Flig
 Gra
 Hig
 Int

-20 TCs are
 In-
 Ins
 In-
 Lau
 Ma
 Mu
 Mis
 Mis
 Nea
 No
 Op
 Op
 Op
 Op
 Pol
 Pri
 Pro
 Pos
 Pro
 Pay

ecked/proc
 Pla

 Poi
 Ref
 Rad
 Rem
 Rem
 Sol
 Sci
 Sci
 Sci
 Sci
 Sci
 Sol

ropean Spa
ropean Spa
ropean Spa
gineering T
treme UV Im
ght Control
ght Dynami
ght Event a
avity Assist 
gh Tempera
ter-Instrum
e a part). 
-Orbit Comm
strument Op
-situ Instrum
unch and Ea
agnetometer
ulti-Element
ssion Groun
ssion Imple
ar Earth Co
minal Miss
erational G
erations Int
erations Ma
erations De
larimetric a
ncipal Inve

oject Manag
st Mission P
oject Scienti
yload Opera
cessed IORs
anning Skele

inting Time
ference Doc
dio and Pla
mote Sensin
mote Scienc
lar Array Dr
ence Archiv
ence Groun
ence Implem
ence Implem
ence Manag
lar Orbiter 

ce Agency 
ce Astronom
ce Operatio

Test Bench 
mager 
 Procedure 
ics team at E
nd Commu
 Manoeuvre
atur High G
ent Commu

missioning 
perational R
ments 
arly Orbit P
r 
t Telescope
nd Segment
ementation 
ommissionin
ion Phase 

Ground Segm
terface Req
anager 
epartment S
and Heliosei
stigator 

ger 
Phase 
ist 
ational Requ
s) 
eton File (in

eline Reques
cument 
sma Wave I
ng Instrume
ce Windows
rive Mechan
ve Team 
nd Segment 
mentation P
mentation R
gement Plan

my Centre 
ons Centre 

 
ESOC 
nication Sk
e 

Gain Antenn
unication (th

 Review 
Request 

Phase 

e for Imagin
t 
 Requireme
ng Phase 

ment 
quirements D

Solar Orbite
ismic Image

uest (reque

n Solar Orbi

st 

Instrument
ents 
s 
nism 

 
Plan 
Requiremen
n  

keleton 

na 
he entire on

ng and Spect

ents Docum

Document 

er 
er 

sts from SO

it context th

 

nts Docume

nboard proc

troscopy 

ent 

OC->MOC, m

his is equiva

ent 

cess of 

mostly 

alent to the 

 

 



 
Page 8/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

SOC
Sol
SOM
Scie
SOO
SPI
SPM
SRE
SRE
SRE
SRD
SSM
STI
SVI
S/W
SW
TBC
TBD
TBW
WR

 

1.5 D

 
Chapter 1 
Chapter 2
Chapter 3
operation
Chapter 4
responsib
 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

C  
loHI  
MA  
ence Archiv
OP  
ICE  
MP   
E-PS  
E-SM  
E   
D   
MM  
IX  
IP   
W   

WA  
C   
D   
W  

RT  

Docume

 describes 
2 gives an o
3 analyses 
ns concept. 
4 describe

bilities. 

v 0 

l Use 

l Use 

 Sci
 Sol
 Sol

ve) 
 Sol
 Spe
 Sof
 Sol
 Sci
 Sci
 Sys
 Sol
 Spe
 SG
 Sof
 Sol
 To 
 To 
 To 
 Wit

ent Outli

 the structu
overview of
requireme
 
es the con

 

ence Opera
lar Orbiter H
lar Orbiter M

lar Orbiter O
ectral Imagi
ftware Proje
lar Orbiter P
ence Missio
ence and R

stem Requir
lid State Ma
ectrometer 
S Verifying
ftware 
lar Wind An
 Be Confirm
 Be Determi
 Be Written
th Respect T

ine 

ure, purpo
f the missi
ents and co

ncept in t

ations Centr
Heliospheri
Mission Arc

Observing P
ing of the C
ect Managem
Project Team
ons Division

Robotic Expl
rements Do
ass Memory
 Telescope f
, Validation

nalyser 
med 

ined 
 
To 

se and sco
on and the
onstraints,

terms of p

re 
ic Imager 
chive (the “o

Plan 
Coronal Env

ment Plan 
m 
n of SRE 
loration Dir
ocument 
y 
for Imaging
n & Integrat

pe of the d
e Science O
, and ident

process, a

operations”

vironment 

rectorate 

g X-rays 
tion Plan   

document. 
Operations 
tifies the d

activities, i

” partition o

 
 Centre. 

drivers of t

inputs, ou

of the 

the science

utputs and

 

e 

d 



 
Page 9/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

2 O

2.1 M

Solar Orb
create an
origins an
particles, 
 
Solar Orb
 

 Ho
 Ho
 Ho
 Ho

hel
 
Common 
measurem
to the Sun
by dynam
situ meas
simultane
the eclipti
 
The near-
as 0.28 A
approache
to track a 
 
During th
latitudes (
Sun’s pola
 
The Solar
discussion
 
The Solar
mission p
equipmen
contains 
instrumen
internal s
and bus u

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

OVERVI

Mission 

iter’s miss
nd control 
nd causes 
 transient i

iter’s scien

w and wher
w do solar t
w do solar e
w does th
iosphere? 

 to all of 
ments of th
n that they

mical evolut
surements
eous, high-
ic plane. 

-Sun phase
AU during 
es the rota
 given poin

he out of 
(up to 34° 
ar caps tha

r Orbiter 
n of the top

r Orbiter s
phases afte
nt with pro

cut-outs w
nts with th
shear pane
units. One

v 0 

l Use 

l Use 

IEW 

 Descrip

ion is to ad
 the helios
 of the so
interplanet

ntific missi

re do the so
transients d
eruptions p

he solar dy

these que
he solar win
y are still r
tion durin
 back to 
-resolution

e of the mi
 part of it

ation rate o
nt on the Su

ecliptic ph
 close to th

anks to the 

Science R
p scientific

pacecraft i
er LEOP w

otection fro
with feed-

heir require
els providi
e remote-s

ption 

ddress the 
sphere? So
olar wind,
tary distur

ion can be b

olar wind pla
drive heliosp
roduce ene

ynamo wor

estions is 
nd plasma,
relatively p
ng their pro

their sou
n imaging 

ission will 
ts orbit. T
of the Sun, 
un surface

hase of th
he end of th
 remote se

Requiremen
c goals of th

is a 3-axis
with a hea
om the extr
-throughs 
ed field of 
ing mount
sensing in

 central qu
olar Orbite
 the helio

rbances, an

broken dow

asma and m
pheric varia
rgetic partic

rk and driv

the requir
, fields, wa

pristine and
opagation.
rce region
and spectr

 enable the
The angula
 so that the

e for many 

he mission
he mission
nsing instr

nts Docum
he Solar Or

 stabilized
at shield th
remely hig
(and doo

 view to th
ting locatio

nstrument 

uestion of h
er is specif
ospheric m
nd the Sun'

wn into fou

magnetic fiel
ability? 
cle radiatio
ve connect

rement tha
aves, and e
d have not
 Solar Orb

ns and str
roscopic ob

e spacecraf
ar speed of
e remote se
 days. 

, the spac
n), making 
ruments. 

ment [RD.0
rbiter miss

d platform 
hat provid
h levels of 
rs), which

he Sun. Th
ons for th
(SOLO-HI

heliophysic
fically desi

magnetic fi
's magnetic

ur top-leve

ld originate

n that fills t
tions betwe

at Solar O
energetic pa
t had their
biter must 
ructures o
bservation

ft to appro
f a spacec
ensing inst

cecraft will
 possible d

01], provid
sion.  

 that is Su
des the pla
f solar flux.
h provide 
e spacecra

he remote-
I) is moun

cs: How do
igned to id
field, solar
c field itsel

el science o

e in the coro

the heliosph
een the Su

Orbiter ma
articles clo

r propertie
 also relate

on the Sun
ns both in 

oach the Su
craft at thi
truments w

l reach hi
detailed stu

des a mor

un-pointed 
atform and
. The heat 
the remo

aft structur
sensing in
nted exter

oes the Sun
dentify the
r energetic
lf.  

objectives: 

ona? 

here? 
un and the

ake in-situ
ose enough
s modified
e these in-
n through
and out of

un as close
is distance
will be able

igher solar
udies of the

re detailed

 during all
d sensitive
shield also

ote-sensing
re includes
nstruments
rnally, and

 

n 
e 
c 

 

e 

u 
h 
d 
-
h 
f 

e 
e 
e 

r 
e 

d 

l 
e 
o 
g 
s 
s 
d 



 
Page 10/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

views par
through. 
spacecraft
the heat-s
boom lyin
orthogona
located on
power thr
rotation a
manage t
approach 
 
The launc
shield, suc
No main 
comparati
side pane
maintaini
Orbiter. 
 
An articu
communi
Gain ante
 
The Solar 
10 instrum
(RS). Plea
Investigat
 
Whilst the
ESA there

 No
cha
rap
tim

 Dy
adv
eve

 Per
Pla
slew

 En
tha

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

rt of the co
The in-sit
t: two sens
shield; MA
ng within t
al to the su
n the –Y or
roughout t
about their
the array 
 to the Sun

cher interf
ch that the
 engine is
ively mode
els in orde
ing a Sun-

ulated Hig
cation wit

ennas (LGA

 Orbiter pa
ments, 4 a
ase refer t
tors.  

e mission 
e are also s
o planetary
anges, no 
pidly chan

mings betw
ynamic targ
vance. Man
ents. 
ricentre sti
atform ope
w duration
counter ty

at a substa

v 0 

l Use 

l Use 

orona arou
tu payload
sors of SWA

AG, SWA-E
the umbra 
un-directio
r +Y panel
the missio
r longitudi
temperatu

n.  

face ring i
e heat shie
s included
est. Rear-p
er to prov
pointing a

gh Tempe
th the grou
A) are inclu

ayload con
are design
to the SIR

shares ma
ome clear 

y orbit. Th
planetary 

nging attit
ween LTP, M

get body (t
ny instrum

ill very far
erations co
ns compara
ype mission
antial part

und the si
d units are
A are expo

EAS and th
 of the spa

on (and are
ls. Solar ar

on over the
inal axis to
ure throug

is located 
eld is upper
d as the o
panel thrus
vide the c
attitude wh

erature Hi
und statio
uded for us

nsists of 10 
ed for in-s

RD [AD.01

any feature
 difference
herefore (o
 occultatio
tude const
MTP, STP. 
the Sun). C

ments havin

r from cent
mparativel
atively sho
n. Limited
t of the op

ide of the 
e mounted
osed to dire
he search-c
acecraft bo
e therefore 
rrays provi
e wide ran
o control th
ghout the 

on the op
rmost whe
overall del
sters are c
capability 
hen close t

igh Gain 
n, and a M
se as backu

 instrumen
situ (IS) m
] for detai

es with typ
s 

outside of 
on of comm
traints, no
 
Changing s
ng burst-m

tral body. O
ly unaffect

ort. 
d number o
perations 

heat-shiel
d externall
ect sun thr
coil of RPW
dy; three R
 sun-illum
de the cap

nge of Sun
he Solar A
mission a

pposite fac
en the S/C 
lta V requ

complemen
to perform
to the Sun

Antenna 
Medium G
up and dur

nts with m
measureme
ils about t

pical interp

 GAMs) no
munication
o significa

surface fea
modes or o

Off-pointin
ted by scie

of close ap
and scienc

d rather th
ly in vario
rough cut-o
W are moun
RPW anten

minated), re
pability to p
n distances
Aspect Ang
and in par

ce of the s
 is mated t
uirements 
nted by add
m delta V
n, a critical

(HTHGA)
Gain Anten
ring the LE

ore than 3
ents and 6
the Payloa

planetary m

o short-ter
ns, no alb

ant drift in

atures that 
other auton

ng limited 
ence off-po

pproaches 
ce are com

han throu
ous locatio
outs in the 
nted on a d
nnas deplo
emaining I
produce th
s experien
gle (SAA) i
rticular du

structure to
to the laun
 of the m
ditional th

V manoeuv
l capability

) provides
nna (MGA)
EOP.  

30 detector
6 for remo
ad and the

missions op

rm orbital
edo, no ec
n mission

 are not pl
nomous re

 to 1 deg fr
ointings. Of

to the sun
mpressed i

ugh a feed-
ons on the
 corners of
deployable
oy radially,
S units are

he required
nced, using
in order to
uring close

o the heat
ch vehicle.

mission are
hrusters on
vres whilst
y for Solar

s nominal
) and Low

rs. Of these
ote sensing
e Principal

perated by

l geometry
clipses, no

n planning

annable in
sponses to

rom nadir.
ff-pointing

n, meaning
into a few

 

-
e 
f 
e 
, 
e 
d 
g 
o 
e 

t 
. 
e 
n 
t 
r 

l 
w 

e 
g 
l 

y 

y 
o 
g 

n 
o 

. 
g 

g 
w 



 
Page 11/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

nar
is d
her

 Em
com
exp

2.2 G

 
The Grou
following 
 

 The
Cen
Ne

 
 The

(SO
ins

 
The OGS 
control ac

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

rrow wind
different w
ritage is de

mphasis on
mbination 
pressed on

Ground 

und Segme
 elements: 

e Operatio
ntre (MOC
twork (EST

e Science 
OC) locate
struments a

 is respon
ctivities. Th

Figure 

v 0 

l Use 

l Use 

ows. Limit
wrt the bot
erived from
n parallel o
 of all instr

n a per-inst

 Segmen

ent for Sol
 

onal Groun
C) located
TRACK). 

Ground Se
ed at ESA
and perfor

nsible for a
he respons

1: A Schemat

ted opport
th the sola

m.  
observing/
ruments. T

trument ba

nt 

lar Orbiter

nd Segme
d at ESOC

egment (SG
AC and th
rm data pro

all mission
sibilities of 

tic drawing o

tunities to 
ar and plan

/operation
This leads 
asis. 

r in the o

nt (OGS) 
C and the

GS) which
he PI faci
ocessing. 

n operation
f the SGS ar

of the main c

repeat obs
netary mis

ns and the 
 to comple

operational

which inc
 Ground 

h includes 
ilities used

ns plannin
re describe

components 

servations 
ssions that

 science th
ex observin

l configura

cludes the 
Stations a

the Scienc
d to oper

ng, executi
ed in the fo

of the SGS an

 that fail. T
t Solar Orb

hat results
ng goals th

ation cons

 Mission O
and Comm

ce Operatio
rate their 

ion, monit
ollowing se

nd OGS. 

This aspect
biter’s SGS

s from the
hat can’t be

ists of the

Operations
munication

ons Centre
respective

toring and
ection. 

 

t 
S 

e 
e 

e 

s 
n 

e 
e 

d 

 



 
Page 12/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 

2.3 S

 
The Scien
in the E
infrastruc
and to pr
products u
 
The SOC 
coordinat
free scien
the Instru
activities a
 
The Instr
level, at th
the Scien
Instrumen
operation
if they are
SOWG. 
 
Once the 
science op
the MOC 
the SOC 
requested
arriving to
database 
unnecessa
 
The plann
supported
in the ver
latency da

 Pro
par

 Ass

                        
 
1 Excluding c

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Science G

nce Ground
European 
cture that t
rocess and 
usable for 

 is respon
tion of the 
nce operati
ument Team
after paylo

ument Tea
he Science 
nce Opera
nt Operat

ns. The SOC
e feasible w

 observing 
perations p
 to assess t
and space

d observati
o a conflic
of missio

ary iteratio

ning of sci
d by a spec
ry next gro
ata are: 
ovide plan
rticular to 
sessment o

                          

conjunctions a

v 0 

l Use 

l Use 

Ground

d Segment 
Space As

the Instrum
 analyse th
 research b

nsible for 
science op
onal timel
ms and by 
oad commi

ams are ex
 Working T

ations Wo
tions Requ
C will carry
within over

 plans are 
plan at the
the feasibil
ecraft ope
ions can b
ct free sche
n rules an

ons. 

ience oper
cially desig
ound statio

nning cont
determine

of instrume

                    

and subsequen

d Segmen

 is compos
stronomy 
ment Team
heir instru

by the scien

payload s
perations p
line. This t
 the MOC. 
issioning w

xpected to 
Team, chai
rking Gro
uests to 
y out a pre
rall mission

 consolida
e level of in
lity of the r
erational c
e carried o
edule of sc
nd constra

rations, bo
gned data s
on pass re

ext inform
e spacecraft
ent health 

nt “catch up” p

nt 

ed by the S
Centre (E

ms use both
ument tele
ntific comm

science op
lans of the
timeline w
 All nomin

will take pla

 coordinat
ired by the
oup. They
the SOC, 
liminary a
n constrain

ated, the In
ndividual o
requests ba
constraints
out. It is e
cience oper
aints main

oth at SOC
set, the ‘low
egardless o

mation to t
ft pointing.
 and perfor

periods. 

Science Op
ESAC) ne
h to manag
emetry in o
munity. 

perations p
e Instrume
will be prep

al instrum
ace through

te their ob
e Project Sc
y are, the
 along w

analysis of t
nts and pro

nstrument 
observation
ased on av

s from the
expected th
rations, wi
ntained by

C and at th
w latency’ d
of orbital g

the SOC a
. 
rmance by 

perations C
ear Madri
ge their res
order to g

preparator
nt Teams t

pared from
ment planni

h the SOC

bserving pl
cientist, an

en, expecte
ith any r
these obse
ovide feedb

 Teams de
ns. The SO
vailable res
e MOC to
hat the SO
ill have ac
y the MOC

he Instrum
data, which
geometry1. 

and the In

 the Instru

Centre (SOC
id, Spain,
spective in
enerate sc

ry activitie
to generate

m inputs pr
ing and com
. 

lans, at the
nd refine it
ed to sub
requests f
erving plan
back to the

efine a mor
OC will inte
source pred
 verify wh

OC, in the 
cess to a c
C in order

ment Team
h will be d
 The uses 

nstrument 

ument Team

C), located
 and the

nstruments
cience data

es and the
e a conflict
rovided by
mmanding

eir highest
t further at
bmit their
for special
ns to assess
e SWT and

re detailed
erface with
dictions by
hether the
process of

copy of the
r to avoid

ms, will be
downlinked

of the low

Teams, in

ms. 

 

d 
e 
s 
a 

e 
t 
y 
g 

t 
t 
r 
l 
s 
d 

d 
h 
y 
e 
f 
e 
d 

e 
d 
w 

n 



 
Page 13/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 Sup
dow

 
The SOC 
auxiliary 
telemetry 
this data 
planning 
data prod
 
The Instru
that they 
All data p
term pres
 
An archiv
operation
repository
active wor

2.3.1 T

For clarity
process th
products, 
very mini
features), 
are acqui
Provision 
SOMA) al
 
SOC will 
latency “t
inter-instr
use this e
performan
tuning is w
 

                        
 
2 Since norm

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

pport the 
wnlink if a

 will also 
files, and 
 will be pr
set to all I
process. D

duction. 

ument Tea
will depos

processing 
ervation. 

ve will be k
nal and sci
y of all form
rking mem

TM proce

y, for Sola
he low-late
 as describ
imal pipel
 and gener
iring scien
 of true sci
lways come

provide a 
rending” i
rument un
environme
nce (althou
with the in

                          

al (“bulk”) sci

v 0 

l Use 

l Use 

 decision 
a selective t

acquire a
 make the

rocessed at
Instrument
Data proces

ams will p
it in the SO
 and calibr

ept at the S
ientific na
mal operat

mory. 

essing an

ar Orbiter 
ency data 

bed above.
ines provi
ral “trendi
nce data n
ientific pro
es from the

 web-base
nformation

nderstandin
ent themse
ugh forma

nstrument t

                    

ence may be d

process b
telemetry d

ll spacecra
em availab
t the SOC,
t Teams as
ssing at th

process the
OC archive
ration softw

SOC that w
ature. The 
tional prod

nd Instru

the only s
 to a “quic
 The pipel

ide raw-im
ng” situati
nominally2

oducts for l
e Instrume

ed mechan
n from any
ng of the e
elves to m

al responsib
teams). 

delayed by mu

by the Ins
downlink s

aft data fr
ble to the
 using PI p
s soon as p

he SOC wil

eir telemet
e in accord
ware will a

will hold al
 operation

ducts excha

ument P

cience pip
ck-look”, u
lines are p

magery for 
ional awar
2, and for
loading int
ent Teams.

nism for in
y/all Solar
environme

maintain aw
bility for c

ultiple months

strument 
scheme is i

rom the M
e Instrume
provided s
possible so
ll be limite

try into un
dance with 
also be de

ll data prod
nal part o
anged acro

Pipelines

pelines loca
uncalibrate

provided by
 pointing 

reness for a
r making 
to the Scie
. 

nstrument 
r Orbiter in
nt and the
wareness 

checking in

 

Teams of
mplement

MOC, inclu
ent Teams
software, in
o it can be
ed to auxil

ncalibrated
 the data p
posited in 

ducts from
f the arch

oss sites, bu

s located 

ated at the
ed, not-for
y the instr
planning 
assessing w
decisions 

ence Archiv

teams to 
nstrument
e payload c
of instrum

nstrument 

f what tel
ted. 

uding telem
s. Low lat
n order to

e used to su
liary and lo

d and calib
policy of th
 the archiv

m the missio
hive is the
ut it is not

d within t

e SOC are 
r-publicati
rument tea
(in relatio
whether in
 wrt selec
ve (as oppo

easily view
s, in order

capabilities
ment opera
 scientific h

lemetry to

metry and
tency data

o distribute
upport the
ow latency

brated data
he mission.
ve for long

on, both of
e posterity
t treated as

the SOC 

 those that
ion quality
ams. These
on to solar
nstruments
ctive data.
osed to the

w the low-
r to facility
s. SOC will
ations and
health and

 

o 

d 
a 
e 
e 
y 

a 
. 
g 

f 
y 
s 

 

t 
y 
e 
r 
s 
. 
e 

-
y 
l 

d 
d 



 
Page 14/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

2.4 S

2.4.1 I

The SOC w
operation
and plann
Documen
 
The SOC 
including 
Dispositio
 
The overa
Interface 
implemen
 

2.4.2 I

 
The SOC 
science op
Instrumen
this interf
auxiliary f
 
The SOC 
science da
contact wi
 
SOC will 
products 
retrieval o
TM and M
Rationale

 Ma
 Sol

(EU
as n

 Avo
ITs

 MO

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

SOC exte

Interface

will implem
ns planning
ning rules 

nt (PLID). 

will also im
 telemetry
on Interfac

all interfac
Agreeme

ntation and

Interface

 will imple
perations p
nt Team w
face. This 
files. 

will also im
ata with th
ith the SOC

 implemen
from the 

of these pr
MOC-produ
 for this ap

aintains the
lar Orbiter
UCLID, GA
negligible.
oids the ad
s. (E.g. IT m
OC is 24/7 

v 0 

l Use 

l Use 

ernal int

es SOC/M

ment an in
g, includin
 checking. 

mplement 
y and aux
ce Docume

ce between
ent (SOIA
d interface 

es SOC/In

ement an 
planning in
will have a 

same file-

mplement 
he mission
C which wi

nt a functi
SOC. Not

roducts. Th
uced auxili
pproach is 
e same inte
r bit-rates 
AIA etc), th
 

dditional d
more-exten
 supported

terfaces

MOC 

nterface wi
ng payload 

 This inte

 a second 
xiliary files
ent (DDID)

n SOC and 
A), which
 procedure

Instrume

 interface 
nformation
 single poi

-based inte

 an interfa
n archive. 
ill implem

ionality th
te howeve
he recomm
iary produ
 
erface as N
 are much
hat the ben

delay of pas
nsive moni
d. SOC is no

s 

ith the MO
 operation
rface will 

interface w
s. This in
). 

 MOC will 
h describ

es between

ent Team

with each
n, includin
int of cont
erface will 

ace with ea
Each Instr
ent this int

hat allows 
er that this
mendation 
ucts direct

NECP and c
h lower in 
nefit of SO

ssing data 
itoring of H
ot. 

OC to excha
s and poin
be control

with the M
terface wi

 be contro
bes the 

n the OGS a

ms 

h of the In
ng Instrum
tact with t
 support th

ach of the I
rument Te
terface.  

 the IT re
s is not th
is that the
tly from t

contingenc
 comparis

OC “bufferi

 ESOC->ES
HK) 

ange inform
nting reque
lled by the

MOC to exc
ill be cont

lled by the
responsib

and the SG

nstrument 
ent Operat

the SOC w
he exchan

Instrument
eam will ha

trieval of 
he baseline
e Instrume
the MOC 

cy/special 
on to man
ng” the IT

SAC before

mation abo
ests, and c
e Planning

change mis
trolled by

e Science O
bilities, o

GS. 

 Teams to
tions Requ

which will i
nge of SOC

t Teams to
ave a singl

raw TM a
e mechani
nt Teams a
 [SGS-RQR

operations
ny modern
 TM reque

e it is avail

out science
constraints
g Interface

ssion data,
y the Data

Operations
operational

o exchange
uests. Each
implement

C-produced

o exchange
le point of

and MOC-
ism for IT
access raw
R RID-18]

s 
n missions
ests is seen

lable to the

 

e 
s 
e 

, 
a 

s 
l 

e 
h 
t 
d 

e 
f 

-
T 
w 
. 

s 
n 

e 



 
Page 15/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

2.4.3 I

 
The SOC w
to the mis
to the mis
 
These inte
interface 
communit
where info
 
 

2.5 E

2.5.1 I

 
Instrum
latency d
observatio
individual
 
Science 
transfers 
the MOC v
 
Operatio
 
Archive 
archives a
 

2.5.2 S

 
Project S
whether t
the SOC 
calibration
when such
 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Interface

will implem
ssion archi
ssion scien

erfaces wil
and a ma
ty can find
ormation o

End-Use

Internal 

ment Oper
data in or
ons were 
l instrume

Operatio
the operat
via EDDS 

ons Engin

 Scientist
all science d

SGS inter

Scientist:
the scientif
 on plann
n data an
h is anoma

v 0 

l Use 

l Use 

es SOC/S

ment an in
ive, so the 
tific data p

ll be imple
achine int
d and retri
of a more g

ers of the

 users of

rations Sc
rder to su

successful
nt operatio

ons Engin
tions reque

neer: Supp

t: Receives
data produ

rnal user

: Uses the 
fic objectiv
ning, low 
d software

alous. 

Scientific

nterfaces b
 scientific 

products. 

emented at
terface wil
ieve the da

general nat

e SGS 

f the SOC

cientists: 
upport the
lly carried
ons and th

neer: Cre
ests to the

ports the S

s science d
ucts. 

rs which

 SGS to su
ves of the m
 latency d
e. TLM ca

c Commu

ased on In
 communit

t the missi
ll be avail
ata from t
ture will be

C 

 Evaluate s
e planning
d out. The
e overall sc

eates and 
e MOC. He

Science Ope

ata from th

h are ext

upport scie
mission ar
data analy

apture and

unity 

nternet Pro
ty and the 

ion archive
lable so th
the mission
e distribute

science op
g process 
ey provide
cience goa

validates 
e also uses 

erations En

he Instrum

ternal to 

ence coordi
re being me
ysis activi

d ancillary 

otocol to pr
 general pu

e, where b
he membe
n, and at t
ed to the p

erations pl
and asses

e a huma
als. 

science op
 the SOC t

ngineer in 

ment Team

 the SOC

ination act
et. He will
ities, chan
 data statu

rovide outs
ublic can g

both a grap
ers of the
the missio
ublic. 

lans and a
ss whethe
n link be

perations 
to retrieve 

 his role. 

ms, and val

C 

tivities and
l obtain rep
nges to P
us shall be

side access
gain access

phical user
e scientific
n web site

analyse low
er planned
etween the

plans and
 data from

lidates and

d to assess
ports from

PI-supplied
e reported

 

s 
s 

r 
c 
e 

w 
d 
e 

d 
m 

d 

s 
m 
d 
d 



 
Page 16/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Instrum
use the S
process th
 

2.5.3 E

 
MOC: Th
SOC cons
 
Science 
Solar Orb
Solar Orb
 
General 
from the S
 
 
 

3 C

 

3.1 S

 
The SOC 
Science Im
Science I
requireme
below. 
 
The SOC 
plan. A b
scientific 
mission co
 
This plan 
with supp
 

                        
 
3 These check

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ment Team
OC to obt

heir instrum

External 

hey make p
olidated re

Commun
biter missio

iter Archiv

 Public: T
SOC throug

CONCEP

SIRD Re

 will be de
mplementa
mplement
ents set in

will work 
baseline sc
objectives
onstraints3

 is to be fur
port from th

                          

ks naturally be

v 0 

l Use 

l Use 

ms: They p
ain low-la
ment telem

 SGS use

planning in
equests for

nity: They 
on through
ve shall be 

They will 
gh the Sola

PT DRIV

equirem

eveloped a
ation Plan 
tation Req
 the SIRD 

 with the P
cience ope
 of the mi
3. 

rther refin
he SOC. 

                    

eing limited to

provide ob
atency proc
metry. They

ers 

nputs avail
r payload o

 will obtain
h the Solar 
 provided t

obtain inf
ar Orbiter 

VERS: R

ments 

and operat
 (SIP) in r

quirements
 which dri

Project Sci
erations p
ission and

ned by the S

 

o the broad gra

servation p
cessed dat
y will provi

lable to the
operations 

n and expl
 Orbiter ar
to NASA. 

formation 
 website. 

EQUIRE

ted along t
esponse to
s Documen
ive the scie

ientist and
plan will b
d checking 

SOWG, an

anularity at wh

plans, plan
a, as well 
ide science

e SOC and
 

loit scienti
rchive in th

about the

EMENTS

the lines w
o the set of
nt (SIRD)
ence opera

d the SWT 
be establis
 all known

d impleme

which the top-le

nning inpu
 as auxilia
e data to th

, in turn, t

fic and aux
he SOC. No

e mission a

S AND C

which will 
f requirem
) [AD.01]. 
ations conc

 to prepar
shed takin
n environm

ented by th

evel activity pl

uts to the S
ry files the

he SOC for 

they receiv

xiliary dat
ote that a c

and its ob

CONSTR

 be describ
ments speci

 The mos
cept are su

re a top lev
ng into ac
mental, res

he Instrum

lan is defined.

SOC. They
ey need to
 archiving.

ve from the

a from the
copy of the

bservations

RAINTS 

bed in the
ified in the
st relevant
ummarized

vel activity
ccount the
source and

ment Teams

.  

 

y 
o 
. 

e 

e 
e 

s 

 

e 
e 
t 
d 

y 
e 
d 

s 



 
Page 17/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

The requ
Instrumen
instrumen
requests w
forwarded
requests 
spacecraft
 
The SOC 
so, at all t
the instru
 
The SOC
telemetry 
Managem
and down
requests a
 
In suppor
auxiliary d
time corr
system wi
the scient
Additiona
 
Beyond th
will be pe
of the Ins
safety of t
scientific 
 
The SOC 
processed
to all Inst
of the hea
 
The SOC 
the MOC 
those that
 
Science d
archive, to
made ava

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

uests for i
nt Teams a
nt operatio
which is c
d to the M
in the ove
t. 

will also tr
times, the S
uments. 

, in coord
 allocatio

ment of the 
nlink priori
and forwar

rt of the 
data from 

relation de
ill convert 
tific comm
ally a defin

he instrum
erform by t
strument T
their instru
observatio

 also rece
d, using sof
rument Te

alth and pe

will also b
or generat
t are transm

data produ
ogether wi
ailable to 

v 0 

l Use 

l Use 

instrument
and forwa
ons reques
checked ag

MOC. The M
erall missi

rack the tr
SOC will h

dination w
n and th
 SSMM wi
ity allocatio
rd them to 

science op
 the MOC,
etails and 
 the auxilia

munity. All 
ed set of au

ment house
the OGS u

Teams to m
uments. Lik
ons in orde

eives telem
ftware pro

eams and u
erformance

build a mis
ted at the S
mitted or r

uced by th
ith the corr
the scient

t science 
rded to th
sts and m

gainst the 
MOC will b
ion operat

riggering o
have knowl

with the M
heir usage
ill be also c
on. The SO
 the MOC. 

perations p
, including
 other mis
ary data in
 telemetry
uxiliary da

ekeeping ch
upon recept
monitor the

kewise, it i
r to adjust

metry corr
ovided by t
used to sup
e of the inst

ssion archi
SOC. It will
received ov

he Instrum
responding
tific comm

operation
he SOC on 
merges them

operationa
be in charg
tions time

of on-board
edge of wh

MOC, will 
e of the 
coordinate
OC will con
 

planning p
g orbit and
ssion spec

nto the form
y will be m
ata product

hecks that 
tion of spa
eir houseke
is their res
t their instr

responding
the PIs, int
pport both 
truments. 

ive that wi
l also arch

ver the exte

ment Team
g calibratio

munity in a

s will be 
 a periodic
m in a sin
al constrai
ge of inclu

eline to be

d flags and
hat observa

 keep trac
Solid Sta

ed by the S
nsolidate al

process, th
d attitude i
cific data. 
mats used

made availa
ts will also 

 will be ag
acecraft tel
eeping tele
ponsibility
rument sci

g to low l
to low late
 the planni
 

ill include 
ive operati
ernal inter

s will also
on software
accordance

 generated
c basis. Th
ngle set o
ints and, o

uding these
e uplinked

d the paylo
ations have

ck of each
ate Mass 

SOC, includ
ll selective

he SOC re
informatio
 An auxili
 by the Ins

able to the
 be made a

greed with 
lemetry, it
emetry to v
y to monito
ience opera

latency sci
ncy data fi
ing process

all mission
ional prod
faces of th

o be depos
e and files
e with the

d by the 
he SOC col
of payload 
once confl
e payload 
d periodica

oad reactio
e been run

h Instrum
 Memory 
ding the pa
e telemetry

eceives pa
n, event p
iary data p
strument T
e Instrume
available. 

 the MOC 
t is the res
verify the h
or the qual
ations acco

ience data
iles to be d
s and the a

n data rece
ucts, in pa
e SOC. 

sited in th
. Science d
e data pol

individual
lects these
 operation
lict free, is
operations
ally to the

on to them
n in each of

ment Team
 (SSMM).
acket store

y download

ayload and
redictions,
processing
Teams and
ent Teams.

and which
ponsibility
health and
lity of their
ordingly.  

a which is
distributed
assessment

eived from
articular all

he mission
data will be
licy of the

 

l 
e 
n 
s 
s 
e 

m 
f 

m 
. 
e 
d 

d 
, 
g 
d 
. 

h 
y 
d 
r 

s 
d 
t 

m 
l 

n 
e 
e 



 
Page 18/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

mission. A
for long te
 
The SOC 
scientific 
 

3.2 M
 
The missi
The missi
reaction w
V1, E2, V
objectives
ecliptic. A
Consolida
 

3.2.1 M

 
The SIRD
operation
 
Developm
Operation
 
Relationsh
is detailed
 
LEOP Lau

the
NECP Nea

plat
CP  Cru

put
V24

NMP Nom
V25

EMP Ext
from

                        
 
4 For July 20
5 For July 20

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

All data pr
erm preser

 will prov
objectives 

Mission 

ion baselin
ion will rel
wheels for 
V2… V6) w
s of a 0.28 
A descriptio
ated Repor

Mission P

D identifies
ns: 

ment Phase
nal Phase: 

hip betwee
d below: 

unch and Ea
 launcher d
ar Earth Co
tform comm

uise Phase 
ts the space
4. 
minal Missi
5 to GAM V4
tended Miss
m GAM V4 

                          

17 the final GA
17 the final GA

v 0 

l Use 

l Use 

rocessing a
rvation. 

vide feedba
 of the mis

 Profile 

ne foresees
ly on a che
pointing p

with Venus
 AU perihe
on of the s

rt on Missio

Phases 

s the follo

e:  
  

en the abo

arly Operati
dispersion tr

mmissionin
missioning (

  
ecraft into t

ion Phase 
4. 
sion Phase 
 to GAM V6

                    

AM of cruise i
AM of cruise i

and calibra

ack to the
sion addre

 

s that Sola
emical prop
performanc
s and Eart

elion and an
spacecraft 
on Analysi

owing proj

 
 

ove and oth

ions Phase 
rajectory co
ng Phase  
(ends with I

 
the science

 

 
6. 

s E2 
s E2 

ation softw

e Project S
essed by th

ar Orbiter 
pulsion sys
ce. A series
th will allo
n orbital in
 trajectory 
is (CReMA

ect phases

From Kick
From IOC

her mission

 Fro
orrection. Ty

From the 
IOCR). Typ
From the 

e orbit. Typ

8 orbits, T

Further 8

ware will al

Scientist s
he top level

will be lau
stem for m
s of Gravity
ow Solar O
nclination 
 and missi

A) [RD.02].

s relevant 

k Off to IO
CR to End o

n phases a

om launche
ypically 7 da
 end-of-LE

pical 90 days
end-of-NEC

pically ~110

Typically ~4

 orbits. Ty

lso be dep

so he can 
l activity pl

unched by 
manoeuver 

y Assist M
Orbiter to
of up to 33
ion phases
. 

 to the SO

OCR. 
of Mission

according t

er separatio
ays. 

EOP until t
s 
CP until the
0 days, typ

4 years long

ypically ~3

osited in t

 assess wh
lan are bein

 NASA in 
 performan
anoeuvers
 reach its 

3º with res
s can be fo

OC develop

n. 

to SIRD an

on until com

the complet

e planetary
pically ends

g, typically 

 years lon

the archive

hether the
ng met. 

July 2017
nce and on
s (GAM E1,
 trajectory

spect to the
und in the

pment and

nd CReMA

mpletion of

tion of the

y fly-by that
s with GAM

 from GAM

ng, typically

 

e 

e 

. 
n 
, 
y 
e 
e 

d 

A 

f 

e 

t 
M 

M 

y 



 
Page 19/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
In additio
 
POP Pos
 
Almost al
phase, sin
will be ne
delayed u
onwards. 
 

3.2.2 S

 
The most 
 

 A m
traj
the

 A f
No

 A 1
ecl
orb
the
pro

 
 

3.2.3 I

 
All instru
(IS) instru
The remo
of calibra
They typi
duration o
 

                        
 
6 For July 20
7 IS operation
possible perio

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

on, there is 

st Operatio

ll aspects o
nce IS scie
eeded to su

until NMP 
 

Spacecra

 relevant fe

maximum 
ajectories) 
ermal envir
first science
ominal Mis
168 day lo
iptic after 

bit resonan
e mission (
oduct of th

Instrume

ments will
uments wi
te-sensing

ation and 
cally will b
of this pha

                          

17 trajectory. 
n is CP is “not 
ods of non or 

v 0 

l Use 

l Use 

 one additi

ons Phase 

of SOC fu
nce operat
upport RS
is selective

aft orbit 

eatures of t

distance to
reached d

ronment a
e orbit tha

ssion Phase
ng helioce
 GAM V2. 
nce with V
(with the a

he GAMs in

ent opera

l be comm
ill be cont

g (RS) instr
characteriz
be checked
se. 

                    

 Other trajecto
 to drive resou
 reduced opera

ional phas

 

nctionality
tions are r

S check-ou
e downlink

 

the spacec

o the Sun o
during the 
nd severe p

at follows th
e) and that
entric orbit
 The orbita

Venus is ma
phelion co

ncreasing th

ations an

missioned d
inuously o
ruments ho
zation dur

d out for u

ories typical st
urces”. This m
ation due to po

e relevant 

Two years

y are requi
required du
ut windows
k. This sha

raft orbit f

of 1.15 AU f
 early pha
power limi
he second 
t leads into
t resonant 
al period c
ade. Typica

oming dow
he inclinat

nd Remo

during the 
on and ope
owever, are
ring the C

up to one w

tart the first sc
means significa

ower constrain

 to SOC op

s after the 

ired at the
uring CP, 
s. The spec
all be supp

for the ope

for July 20
ase of the 
itations. 
 Earth GAM
o the GAM 
 with Venu
changes at
ally the or

wn nearer to
tion whilst 

ote Scien

 NECP. Af
erating un
e expected

CP, depend
week perio

cience orbit at 
ant reduction i
nts. 

erations: 

 end of mis

e start of t
and pointi
cific functi
ported only

ration of th

017 (larger 
 Cruise Ph

M (which m
 V26. 
us inclined
t each GAM
rbital perio
o the Venu
 maintaini

nce Wind

fter commi
nder near-n
d to underg
ding on sp
od every six

 the GAM V2. 
in datarates co

ssion opera

the SOC o
ing and RS
ionality th
y from sta

he SOC are

 than 1.3 A
hase, caus

marks the s

d with resp
M where a
od decrease
us orbit rad
ing perihel

dows. 

issioning, 
nominal co
go an exten
pecific requ
x months 

 
ompared to NM

ations. 

operational
S planning

hat may be
art of NMP

e: 

AU in other
ing a cold

start of the

pect to the
 change in
es through
dius) – by-
ion low. 

the in-situ
onditions7

nded phase
uirements
during the

MP, and 

 

l 
g 
e 
P 

r 
d 

e 

e 
n 
h 
-

u 
. 
e 
. 
e 



 
Page 20/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Once in th
but the R
Windows 
orbit loca
spacecraft
more fuzz

 Eve

 Fea
the
som
a sh

 Bey
per
Som
wh
ins

 Som
in a

Naturally 
the extent

 Pow
 Da
 EM
 Pla
 Ma

 
This parti
from the 
address th
the overal
 

3.2.4 G

 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

he Nomina
RS instrum
 (RSW). T

ated center
t. Although
zy in practi
en when R
o If they

(both a
o PHI fo

the RS
power
allowin

o Some 
outsid

ature-track
e target fea
metimes it 
hort windo
yond the w
rform cal
metimes t

hether thes
struments o
me RS inst
a synoptic 
 this tende
t that i) the
wer 

ata 
MC quietne
anning con
anpower as

icular arran
need to op
he scientif
ll telemetry

Ground s

v 0 

l Use 

l Use 

al Mission 
ments acqu
The baselin
red on the 
h the miss
ise. 

RS-instrum
y remain in
at reduced
or example
SW in whic
r consumpt
ng more co
instrumen

de of RSWs
king RSWs
ature. Som
 will be nec
ow prior to
well-define
ibration a
these calib
se calibrat
observing 
truments h
 way aroun
ency of cre
e SWT agre

ess requirem
nstraints 
ssumption

ngement fo
perate the 
fic objectiv
y downlink

station c

Phase, the
uire data d
ne mission
 perihelion
sion design

ments are no
n standby, 
d level), and
e can perfo
ch the raw
tion than a
ontrol of w
nts have c
s 
s require p

metimes th
cessary to 

o the RSW.
ed precurso
activities 
brations r
tions neces
concept th
have advan
nd the orbi
ep of RS o
ees it, and 

ment acros

s of MOC a

or the scie
 whole pay

ves of the m
k capacity a

coverage

e IS instrum
during pre
n calls for 
n and on t
n restricts

ot actively 
 they conti
d this resou
orm its on

w data was 
a standby-m

when the wr
created an

precursor im
his can be 
 perform th
. This appr
or concept
before an

require tu
ssarily occ

hey belong 
nced the id
t.  

operations 
 ii) it does n

ss the orbit

and SOC 

nce operat
yload, IS a
mission, an
available to

e 

ments will 
e-defined p
 three 10-d
the points 
 RS opera

 observing 
inue to con
urce usage

nboard pro
 acquired. 
mode woul
rite to Spa
nealing m

magery of 
performed

his with EU
roach is cal
t, some ins
nd after 

urn-around
cur outside
 as an activ
dea that th

beyond th
not violate

t 

tions of the
and RS ins
nd the qui
o the paylo

 operate no
periods cal
day long s
 of largest 
ations to R

 they may 
nsume pow
e has to be 
ocessing of
 This appr
ld (but may
cewire occ

modes, that

 the sun-d
d with Ear
UI and PHI
lled a “prec
struments 
science a

d on grou
e the RSW

vity within 
hey could b

e RSWs ca
e constrain

e Solar Orb
struments, 
ite strict m
oad. 

ominally al
lled Remo
science win
 solar latit

RSWs, the 

 not be OFF
wer and ge
 accounted
f raw data 
roach leads
y be advan

curs). 
t they des

isk in orde
rth-based a
I full-disk 
cursor win
 identify th
acquisition

und. (It is
W, or as p
 the RSW i

be allowed 

an only be 
nts like: 

biter paylo
 together i

mission con

ll the time,
ote Science
ndows per
tude of the
concept is

F. 
enerate HK
d. 
 outside of
s to higher

ntageous in

sire to run

er to select
assets, but
 imagers in

ndow” 
he need to
n periods
s arguable
part of the
itself). 
 to operate

 allowed to

oad derives
in order to
nstraint on

 

, 
e 
r 
e 
s 

K 

f 
r 
n 

n 

t 
t 

n 

o 
. 
e 
e 

e 

o 

s 
o 
n 



 
Page 21/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

The basel
8-hour pa
default gr
happen ty
is a budge
nominal m
 

3.3 S

3.3.1 D

 
The space
rate is of 
distance b
science op
favourable
telemetry 
is about 1
contrasted
 
Because o
the SSMM
the SSMM
order to d
telemetry 
telemetry 
analysing 
spacecraft
 
Another c
allocation
do not ex
store sizin
SOC. In p

 Inv
 Siz
 Com

                        
 
8 This is appr
analysis show

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ine ground
asses durin
round stat
ypically fro
et for 19 ad
mission ph

Spacecra

Data con

ecraft telem
150 kbps a

between th
perations p
e and the 
 volume th

1.5 TBytes8

d with info

of the limit
M can be ve
M will be a
downlink h
 downlink 
 when sol
 whether i
t resources

constraint 
n, there is n
ceed their 
ng and the
ractise the

volving a m
zing the pac
mmunicat

                          

roximately the
ws that some t

v 0 

l Use 

l Use 

d station c
ng NMP a
tion alloca
om late mo
dditional 8

hase. 

aft and M

nstraints

metry is re
at 1 AU, th
he spacecr
planning. 
worst orbi

hat the mis
8, accordin

ormation p

ted teleme
ery long, up
another cr

high priorit
 requests m
ar or on-b
implement
s is feasible

of the spa
no technica
 telemetry 
eir prioriti

e largest pa
mission-lev

ckets store
ing limits o

                    

e the EID-A all
trajectories are

coverage is 
and EMP, 
ated to Sol
orning to e
8 hour pas

Mission

s 

eturned vi
he effective
aft and Ea
The variat
ital configu
ssion can e
ng to prelim
provided by

etry downl
p to close t
ritical task
ty data as f
may have t
board even
ting a sele
e. 

acecraft is 
al mechani
 allocation
ization has
art of mana
vel plannin
es appropri
on the inst

location per o
e marginal to 

 three 8-ho
measured 
lar Orbiter

early night 
ses with an

n Constra

ia X-band.
e telemetry
arth and m
tion in effe
uration is 
expect to r
minary an
y Astrium, 

link rate, t
to the orbit

k of the SO
fast as pos
to be used
nts deman
ective telem

that, beyo
ism on-boa

n. Therefor
s to be car
aging this r

ng activity a
iately 
trument TM

rbit multiplied
met this. 

our passes
 by the len
r is Malar
 in the SOC
nother 35m

aints 

. While the
y downlink

modelling i
fective tele
a factor of

return to E
nalysis carr
 the prime 

the latency
tal period. 

OC. A prio
sible (i.e. l

d for gainin
nd it. The 
metry dow

ond SSMM
ard to enfo
re, the com
refully mo
resource is
as part of th

M generati

d by the numb

s per week 
ngth of tel

rgüe, there
C local tim
m station f

e nominal
k rate is ve
it will be c
metry rate
f about 25.

Earth unde
ried out by
 contractor

y of the sci
 Therefore
rity schem
low latency
ng access t
SOC Team

wnlink sch

M packet st
orce that th
mplex inter
onitored an
s done apri
he definiti

ion in spec

ber of orbits ov

 during CP
lemetry du

efore the p
me. In addi

for every o

 telemetry
ery depend
critical for 
es between
. Moreover
r realistic 

y the SOC 
r. 

ience data
e, the mana
me will be 
y data), an
to specific 
m is leadin
eme consi

ore size an
he Instrum
rplay betwe
nd control
iori, by  
on of the S

cific period

ver NMP+EM

P and daily
umps. The
passes will
ition, there
orbit in the

y downlink
dent of the
 successful
n the most
r, the total
conditions
 Team and

a stored on
agement of
applied in

nd selective
 periods of
ng a study
istent with

nd priority
ment Teams

een packet
lled by the

SAP 

ds.  

MP. Current 

 

y 
e 
l 
e 
e 

k 
e 
l 
t 
l 
s 
d 

n 
f 

n 
e 
f 
y 
h 

y 
s 
t 
e 



 
Page 22/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Some limi
 
The total 
over one 
instrumen
and SOC 
ground st
the groun
account w
 

3.3.2 P

There are 
of the pay
more than
not operat
Nonethele
integrated
 
One impo
solar array

 The
 The

The curre
sun-distan
 

                        
 
9 Often Solar 
directing the 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ited aposte

sizing of th
 orbit can
nt, and tha
analysis sh

tation pass
nd stations
with negotia

Power an

 no power 
yload durin
n 1.3 AU a
te, and the
ess SOC w
d instrume

ortant aspe
ys. This is 
e distance 
e cant angl
o the po
o the tem

to ope
o the de

Equiva
prefer

o TBC, t
dissipa
prior t

ent concep
nce, and ca

                          

 Orbiter is gen
 usage of the d

v 0 

l Use 

l Use 

eri control 

he SSMM (
n be store
at RS instr
how that th
ses. Theref
s, and its r
ating with 

nd therm

 or therma
ng any of th
at the begin
e IS ones m
will mode

ent operatio

ect of pow
 driven by  
 from the s
le that the 

ower requir
mperature 
rate at high

esire to lim
alent Sun 
red. 
the power 
ate as heat
to SC-CDR

pt assumes
an be fixed

                    

nerating TM m
downlink offer

 is possible

(3x256 Gib
d, assumi

ruments op
his is only 
fore, the SO
result will 
 ESTRACK

mal const

al constrain
he mission
nning of th

may need to
el instrum
ons produc

wer for sola
 

sun 
 arrays are
rement 
 constraint
her inciden

mit the arr
 Hours. T

that will b
t on the arr

R. 
s that the p
d, at the lat

many times fas
rs limited cont

e though co

b) was desi
ng the no

perate duri
 possible w
OC will dev
 be forwar

K the groun

traints 

nts identifi
n phases w
he CP. Dur
o suspend n

ment powe
cts can be 

ar-orbiter i

e driven to.

ts on the a
nce angles
ray degrad
This mean

be drawn. E
ray. The ex

profile of S
test, at LTP

ster than the d
trol. 

ontrol of th

igned to en
ominal tele
ing 30 day

with certain
velop tools

rded to the
nd station s

ied so far t
with the exc

ring this p
nominal op

er consum
checked ag

is the supp

 This is tur

array. At low
 to avoid o

dation, by 
ns that hi

Excess pow
xtent to wh

SA cant an
P.  

downlink can b

he downlin

nsure that 
emetry da
ys per orbi
n degree o
s to optimi
e MOC so 
support to 

hat might 
ception of t
period, the 
perations. 

mption by 
gainst SC p

plied powe

rn is driven

w sun-dist
overheating
 constraini
igher angl

wer (beyon
hich this is

ngles follow

bring it down.

nk9. 

 all science
ata rate fo
it. Howeve

of optimiza
ize the sch
 it can be 
 Solar Orbi

 affect the 
the cold ex
 RS instru
 
mode, so

power cons

er available

n by  

tance the a
g. 
ing the ac
le of inci

nd consum
s a driver is

ws directly

 In these perio

e telemetry
or each IS
er, Astrium
ation of the
heduling of
taken into
iter. 

operations
xcursion to
ments will

o that the
straint. 

e from the

arrays have

cumulated
idence are

mption) will
s unknown

y from the

ods clearly 

 

y 
S 

m 
e 
f 
o 

s 
o 
l 

e 

e 

e 

d 
e 

l 
n 

e 



 
Page 23/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

3.3.3 O

It is expe
impacting
around or
An update
planning 
planetary 
execution
 

3.3.4 P

The refere
the sun ce
the +Z sp
when no o
 
Off-poin
The space
The high-
and so of
pointed t
“geometri
solar feat
duration o
relative to
aspects le
which is 
windows. 

Tar
vis
alre
thi
Tar
and

Normally 
and targe
decay une
the middl
disk imag
 
To suppor
cycle, a d

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Orbit 

ected that
g long term
rbital mano
ed orbit fil
is expecte
 orbit, an

n times to o

Pointing 

ence attitu
entre (i.e. h

pacecraft ax
other point

nting 
ecraft can n
-resolution
ff-pointing
to a specif
ic”, e.g. di
ture may b
of remote-
o averaged
ead to the c

concerned
 
rget-select
ible part o
eady in SA
s is done w
rget-tracki
d correctin
 we expect

et-tracking
expectedly
le of a RS-

ges. 

rt the fine
dedicated t

v 0 

l Use 

l Use 

 the space
m science o
oeuvers clo
le can be e
d to be ne
d therefor

orbit event 

 

ude of the s
heat-shield
xis orienta
ting requir

nominally p
n telescopes
s can be a
fic part of
isk-centre, 
be of inte
sensing wi
 models of
creation of
d solely w

ion: Ch
of the disk.
AP). Updat
with a full d
ing: Ob
ng the SC p
t that targe

g thereafte
y, and ther
-window. T

-pointing o
tool will be

ecraft orb
operations 
ose to GAM
expected af
egligible. U
re there sh
 times like 

spacecraft 
d and ideal
ated to the 
rement is a

point the +
s have a Fi

a common 
f the disk
 solar sou

erest. Sola
indows. Fu
f the differ
f a Very-Sh

with target-

hoosing a sp
. (The type
ting the po
disk image
bserving a p
pointing pr
et-selectio
r. Howeve
efore a ne
This has co

of the SC 
e develope

it will be 
 planning. 

Ms.  
fter each G

Unlike plan
hould be 
 pericentre

 (SC) has th
lised imag
 orbit norm

active. 

+X SC axis
ield of View
 feature of

k. Sometim
uth pole. O

r features
urthermore
rential rota
hort-Term 
-selection 

pecific feat
e of feature
ointing pro
 from each
particular f

rofile for th
n is done 

er some ty
w target-s
onsequenc

and updat
ed that vis

 well know
 The payloa

GAM, but in
netary mis
no need t

e. 

he +X spa
ging boresig
mal. This r

s up to 1 de
w (FOV) m
f RS-windo

me these p
On other o

 change o
e solar feat
ation of the
 Planning (
and targe

ture to foll
e to select 
ofile to po

h of PHI an
feature as 

he proper m
once in th

ypes of fea
election m

ces when p

tes of poin
ualizes rec

wn in adv
ad operatio

n practical
sions, ther
to referenc

cecraft axi
ght orienta
reference a

egree away 
much small
ows, with 
pointings 
occasions t
over times
tures exhib
e solar pho
(VSTP) mi

et-tracking 

low from th
 and track 

oint to this
nd EUI. 
 it moves a
motion. 
he precurso
ature (e.g.

may someti
planning th

ting reque
cent scienc

vance, the
ons will be

l terms its 
re is no sh
ce mission

is orientate
ated to the
attitude is 

 from the s
ler than th
the spacec
may be si
tracking a 
scales simi
bit a proper
otosphere. 
ission-plan
 for remo

hose availa
 having be
s feature. M

across the v

or to an R
 active reg
imes be ne
he availabi

ests during
ce data, do

erefore not
e restricted

 impact on
hort-period
n-planning

ed towards
e sun), and
to be used

sun centre
he full disk,
craft being
imple and
 particular
ilar to the
r motion 
 These two

nning cycle
te sensing

able on the
en defined

Most-likely

visible disk

RS-window,
gions) can
ecessary in
ility of full

g the VSTP
ownloaded

 

t 
d 

n 
d 
g 

s 
d 
d 

. 
, 
g 
d 
r 
e 

o 
e 
g 

e 
d 
y 

k 

, 
n 
n 
l 

P 
d 



 
Page 24/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

with low l
track sola
extended 
Using off-
Off-pointi
instrumen
 
Roll 
Besides th
desirable 
occasions 
Commun
view of th
the spacec
remote-se
boom, eith
and heats
positions 
excluded. 
attitude th
artificial c
only on co
The curre
performed
requireme
where the
earth arou
Scientifica
(either rol
for longer
a remote-
the orbit n
 
Calibrati
rotation o
of the orb
scheduled
specific ro
off-pointin
requests r
auroral ac
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

latency fro
ar features
 periods of 
-pointings 
ings may 
nt check-ou

he off-poin
 to maintai
 where a ch
nication R

he Earth (w
craft. Thes
ensing win
her of the 

shield arou
 that would
 When the
hat allows
conjunctio
ompelling s
ent Astriu
d – this ma
ent). How
e spacecraf
und the ed
ally it migh
ll-early/de

r periods, f
-sensing wi
normal is b

ion Rolls
once per or
bit in whi
d away from
oll attitude
ngs as a w
rolls close t
ctivity. 

v 0 

l Use 

l Use 

m the SC, 
s on the d
f time, etc. 
 to build a
 also be 
uts as way 

nting, the 
in the roll 
hange in ro
Rolls: At 

when the SC
se intrusion
ndows. Th
two southw

und -Z. Add
d expose t

ese intrusio
 HGA com
n. This app
science gro
um analys
aximises th
ever this a
ft is regula
ge of the o
ht be desir
e-roll-late o
for exampl
indow. Ad
being inves

s: The Mag
rbit as a ca
ch this is 
m RSWs a
e for some 
way to ob
to Earth G

 and enable
disk, point 
 
a raster fo

necessary
 to establis

spacecraft
 angle acco
oll angle is
 some poin
C is in the 
ns do not f
e potentia
ward RPW
ditionally t
the HGA t
ons occur i

mmunicatio
proach is o
ounds).  
sis assume
he time spe
also leads 
arly (once 

obstructing
rable to ap
or simply r
e in the ca

dditionally 
stigated. 

gnetometer
alibration 
 done (oth
and passes
 special ac

btain a fla
GAMs durin

es the SOC
 to the so

r a high-re
y outside 
sh flat-field

t can also 
ording to t
s needed. 
nts in the m
 reference 
follow a sim
ally intrud

W antennae
to these co
o thruster 
t is necess

on (or fore
operationa

es that th
ent close to
 to a situa
 per day) a
g body). 
pply a diffe
roll to a hi
se that the
 the possib

r instrume
activity. Th

her than it
s. Other in
ctivities – f
at-field cal
ng Cruise t

C to define 
olar limb o

esolution t
of RS-w

d calibratio

roll aroun
the referen

mission th
 attitude) i
mple patte

ding parts 
e, either sol
ommunicat
 plumes, t
ary to roll 

ego commu
ally unattra

he minim
o the defau
ation wher
adjusting t

erent appro
gher angle

e communi
bility to def

nt (MAG) 
here is no 
t be EMC 

nstruments
for exampl
ibration fo
to calibrate

 the best po
or one of 

telescope m
windows, f
ons. 

nd the +X 
nce attitud

he High Ga
s intruded

ern, and m
of the sp

lar array a
tion constr
these posit
 the spacec
unication i
active and 

um neces
ult attitude
re there a
the roll-an

oach, rollin
e) to keep t
ication roll
fine a refer

 requires a
 specific co
 quiet) an
s may also 
le rolls mig
or RS-inst
e using rad

ointing pro
the solar 

may also b
for examp

axis. In ge
de, however

ain Antenn
d-on by som
may even oc

acecraft in
and parts o
raints ther
tions also h
craft to a n
in a kind-o
 would be 

ssary roll 
e (for which
are extende
gle (e.g. st

ng more ag
the roll-an
l period int
rence roll 

a 12 x 360 d
onstraint o
d thus the
 require ro
ght be incl
truments, 
dio signals 

ofile to e.g
poles over

be needed
ple during

eneral it is
r there are

na’s (HGA)
me piece of
ccur inside
nclude the

of structure
re are HGA
have to be

non-default
of planned
 applicable

is always
h there is a
ed periods
teering the

ggressively
ngles stable
trudes into
other than

degree roll
on the part
ese can be
olling, or a
luded with
also RPW

 created by

 

. 
r 

. 
g 

s 
e 

) 
f 
e 
e 
e 
A 
e 
t 
d 
e 

s 
a 
s 
e 

y 
e 
o 
n 

l 
t 
e 
a 
h 

W 
y 



 
Page 25/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Roll plan
advance (
by the SO
needed ev
whereas n
station sc
this is dr
consider r
constraint
attitude). 
No modifi
 
Alignme
Within th
instrumen
16 x 16 ar
effects (e.
arcmin (in
figures ar
contribute
best-know
tracking, 
middle of
parameter
telescopes
than simp
 
Furtherm
detector (
their data
teams wil
middle of
need to p
other wor
 
At the m
temperatu
configurab
would be 
sufficient 
could be a
an upgrad
alignment

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

nning in 
probably v

OWG at the
ven before
not rolling 
cheduling t
riving the 
roll constr
ts can be 
 
ication of r

ent 
he scope of 
nts having 
rcmins3]. T
.g. gravity 
nter-alignm
re the req
e to greate

wn alignme
where it i
f the appr
rs for ficti
s, for obse
ply having o

more the in
or reducin

a volume fo
ll agree to
f the full de
parse the d
rds only the

moment, no
ure, instru
ble, alignm
 only a gu
 number o
addressed 
de, or by p
t definition

v 0 

l Use 

l Use 

 general:
via present
e Long-Ter
e LTP whe
 (when one
through a p
need to c

raints a lon
determine

roll angles 

f pointing, 
 high-resol
These FOV
 release, th
ment error
quirement
er misalign
ent for whi
s importan
ropriate F
itious FOV
ervations w
one instru

nstruments
ng the scan
or example

o operate s
etector (or
detailed in
e alignmen

o complica
ument mod
ment per 
uess, and 
of orbits, p
 then, eith
eriodic ma

n. 

 The SOC 
tation of op
rm Plannin
en building
e should) a
period of t

consider ro
ng time in
ed directly

 later than 

another im
lution cam

Vs are co-a
hermo-elas
r),and 3.5 
s on the 

nments. Wh
ichever tel
nt to main
OV. It ma

Vs corresp
where the 
ment prim

s are able 
n-stepping 
e. Operatio
such that 

r on the mi
nstrument 
nt of the ce

ated mode
de nor an
telescope 
calibration
patterns in
er introdu

anual adjus

 assumptio
ptions by M
ng). Some a
g the SAP
affects com
time where
oll angles 

n advance i
y from the

 LTP is for

mportant to
meras (PHI
aligned with
stic effects
arcmin (A
platform, 

hen plann
escope is p

ntain the c
ay be app
onding to 
 science is

me. 

 to operat
in the case
onally the 
subfields, 

iddle of th
command

entre of the

elling of a
ny other fa

is foresee
n opportun
n the align

ucing the al
stment (be

on is that 
MOC Fligh
awareness
, since rol

mms. (And
e subseque
prior to a
is not cons

e foreseen 

reseen.  

opic is alig
, EUI, SPIC
h good acc

s etc.) can 
Absolute Po
 and inst
ing pointin

prime. This
centre of th
ropriate a
 the union

s driven by

te utilising
e of SPICE)
 SOC expe
 when use

he scan-ran
ding when 
e telescope

alignment 
actor is fo
en). Any a
nities in-fl
nment var
lignment m
etween pla

 all roll an
ht Dynamic
s/planning 
lling can h

d it would n
ently one c
at mission
sider a pro
 trajectory

gnment. Al
CE) have a
curacy on-
 cause mis
ointing Err
rument-in
ng, the SO
s will be im
he feature 

as well to 
n/overlap 
y common

g only a su
). This can
ctation is t
ed, are alw
nge for SPI

planning 
 needs to b

variation 
oreseen (i.e
alignment 
light may 
riation can
model dire
anning run

ngles will b
cs/SOC and
 of roll con
have scien
not be clev
chooses no
-level). Th
oblem, sin

y (and refe

ll the remo
a FOV of th
ground, bu

s-alignmen
ror). Note 

nternal effe
OC will mak
mportant fo
 of interes
maintain 
of two or 

n observati

ub-field of
n help them

that the in
ways centr
ICE). This 
pointing p

be compen

with solar
e. only a 
model de

 be limited
n be disce
ectly into s
s) of the a

be fixed in
d selection
nstraints is
ce impact,

ver to book
ot-to-roll –
he need to
nce the roll
erence roll

ote-sensing
he order of
ut in-flight

nts up to 2
 that these

fects could
ke use of a
for feature-
st near the
alignment

 more real
ion, rather

f their full
m to reduce
nstrument-
red on the
 avoids the
profiles (in
nsated). 

r distance,
static, but

efined now
d. If, after
rned, they

software as
ppropriate

 

n 
n 
s 
, 

k 
– 
o 
l 
l 

g 
f 
t 
2 
e 
d 
a 
-
e 
t 
l 
r 

l 
e 
-
e 
e 
n 

, 
t 

w 
r 
y 
s 
e 



 
Page 26/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
Pointing
The Solar 
Error - RP
stability, 
HGA step
Skeleton 
periods. T
limitation
acquiring 
impacting
constraint
 
The most
hours dur
possible i
with the p
 
One speci
VSTP. As
disturban
update wi
In order t
VSTP poin
 
Many in
mechanis
The exact
Commissi
here is to
actuations
comprom
integratio

3.3.5 C

Certain in
firings, ei
handled s
 

 At 
(th
pla

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

g disturba
 Orbiter re
PE) during
including 

pping. For
File (PSF
This appr

ns that ap
 images a

g to have to
ts don’t all

t frequent 
ring worst
into the wi
principle to

ial sort of 
s with oth

nce-sensitiv
indow cou
to get thes
nting upda

struments
ms etc.). It
t list of “
ioning Pha
o establish
s are allow

mise in win
on periods w

Cleanline

nstruments
ither due 

step-wise a

 LTP, when
his identifie
anning at L

v 0 

l Use 

l Use 

ances 
emote-sens
g integratio
wheel off-

r the platf
), and hav

roach appe
pply to th
at full-cade
o suspend i
low anythin

 platform 
-case pass
indows of 

o minimize

pointing d
her platfor
ve instrum
ld potentia
se properly
ates are exp

 have in
t is possibl
attitude d

ase (NECP
h windows
wed. For th
ndow dens
with oppor

ess and H

s have iden
to cleanli

as follows:  

n SOOPs ar
es window

LTP is not 

sing camer
on. There a
-loadings, 
form distu
ve the ins
ears reaso
e mission
ence for e
imaging ob
ng approac

disturbanc
ses). Other
 the HGA 
e the total d

disturbance
rm disturb

ments will h
ally be use
y identified
plicit in the

nternal m
le that som

disturbers” 
P) or Cruis
s or rules 
his approa
ity, to sim
rtunities fo

HV 

ntified cons
iness conc
 

re being de
ws associat
 performed

ras rely on 
are various
 Solar Arr

urbances th
struments 
onable bec

n, meaning
extended p
bservation
ching conti

ce is proba
r platform 
 stepping (
disturbanc

e is the int
bances the
have to pl

ed, and the
d in the F
e SAP. 

echanisms
me of these
 will need
e Phase (C
 in advan
ach to wor

multaneous
or mechani

straints on
cerns or h

efined, the
ted to ever
d at the lev

 good attitu
s platform

ray Drive M
he idea is
 plan thei
cause of t
g that the
periods. In
ns occasion

inuous acq

ably the H
 disturban
(or other p

ce time (if n

troduction
ese will id
lan around
erefore the
ECS we ex

s (doors, 
e may also 
d to be de
CP). The b

nce definin
rk it will b
sly allow p
ism activat

n their oper
high-voltag

e MOC Plan
ry nomina
vel of decon

ude stabili
m activities 

Mechanism
s to fix th
ir integrat
the very s
e RS-instru
n other wo
nally, if any
quisition. 

HGA stepp
nces will be
principle a
not the tota

n of an upd
dentified i
d them (on
ey must ass
xpect that 

filter wh
 perturb th
etermined 

baseline ap
ng the tim
be necessa
positioning
tion. 

rations wit
ges. Planni

nning skele
al thruster 
nflicting in

ity (Relativ
 that can d
m (SADM)
ese in the

tions to av
strong dat
uments w
ords, it’s n
yway the da

ping (once 
e “stacked
attitude dis
al amplitud

dated point
in the ske
n the basi
sume that 
 the period

heels, slit 
he RPE per
 during N

pproach for
mes when 
ary to find 
g of distur

th respect t
ing of the

eton will b
 firing act
ndividual o

ve Pointing
disturb this
) stepping,
e Planning
void these
ta volume

will not be
not hugely
ata volume

 every few
” as far as
sturbance)
de). 

ting under
eleton and
is that any
 it will be)
ds needing

 selection
rformance.

Near Earth
r planning
disturbing
 a suitable

rbance-free

to thruster
ese will be

e available
ivity). The

operations,

 

g 
s 
, 

g 
e 
e 
e 
y 
e 

w 
s 
) 

r 
d 
y 
. 

g 

n 
. 

h 
g 
g 
e 
e 

r 
e 

e 
e 
, 



 
Page 27/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

but
run
ope
The
for
the

 Sta
tea
win

 Als
MT
con
 

These con
that any 
thrusters 
 
(Constrain
course be
activity) 

3.3.6 E

MAG and
According
 
The SOC 
operation

 All
 All

The list w
 To 

sig
Cru

 To 
 
As a gene
operation

                        
 
10 in fact mul
RPW-only or
MAG burst m

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

t at least th
nning thou
erations by
e SOC plan

reseen that
e skeleton. 
art of MTP
ams. The 
ndows. 
so MTP on
TP and ST
nstraints. 

nstraints w
 and all 
 linked to p

nts on no
e reacted 

EMC-qui

d RPW are
g to the EID

 will ident
ns is to inclu

 motor or v
 power con

will be main
 remove i
nificant re
uise)  
 add new it

eral approa
ns shall be 

                          

ltiple categorie
r MAG-only (o
modes but not 

v 0 

l Use 

l Use 

he SOWG 
ugh it an
y a thruste
n a visual e
t this envir
 

P onwards.
instrumen

nwards. As 
TP will be 

will always 
thrusters 

particular o

on-nomin
to by onb

et 

e sensitive
D-A 70% o

tify particu
ude as a st
valve actua
nsumption
ntained/up
items from
eduction o

tems if and

ach, simila
 “stacked” 

                    

es of “EMC no
or even other i
 otherwise. 

will be abl
nd it will 
er-constrai
environme
ronment w

. The plan
nts shall p

 a double-c
checked a

be applied
may fire. 

operations

nal thrust
board FDI

e to noise 
of the orbit 

ular opera
tarting poin
ations 

n changes o
pdated in-fl
m the list 
of events 

d when par

ar to what 
as far as p

oisy” are forese
nstruments in

le to see th
be appare
ned instru

ent to guide
ould also d

nning skele
plan their

check, the 
at SOC for 

d in the sen
 There wil
. 

er firings,
R and are

sources ar
 should be

ations as “
nt 

over a certa
flight 
 that are 
to be ach

rticular op

is done for
possible (to

een, such that 
n terms of gen

hat a partic
ent that e

ument thro
e the const
display the

eton is mad
r operation

 instrumen
 compatib

nse that a t
ll be no a

, e.g. auto
e not cove

rising from
 EMC-quie

“EMC nois

ain thresho

shown to
hieved dur

erations ar

r pointing 
o minimize

 we can track 
eral compatib

cular SOOP
e.g. compl

ough this p
truction of
e relevant w

de availab
ns in acc

nt-team co
ility with t

thruster-fi
attempt to 

onomous o
ered in an

m the spac
et.  

sy”10. The 

old. 

o be EMC-
ring NECP

re discover

 disturban
e the noise

 independently
bility), or e.g. t

P has thrus
letely unin

period is no
f the SOOP
windows fr

ble to the i
cordance w

ommanding
their state

ring windo
 distinguis

off-loading
ny mission

cecraft and

plan for t

-quiet (we
P, and mo

red to be E

nces, space
e duration,

y e.g. things th
things that ma

ster firings
nterrupted
ot feasible.

Ps, and it is
rom within

instrument
with these

g inputs at
ed thruster

ows means
sh specific

g, must of
n-planning

d payload.

this list of

e expect a
ore during

EMC noisy.

craft noisy
, if not the

hat affect 
atter during 

 

s 
d 
. 
s 
n 

t 
e 

t 
r 

s 
c 

f 
g 

. 

f 

a 
g 

 

y 
e 



 
Page 28/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

amplitude
stacking a
 
Then bey
instrumen

 For
wil
Thi
ess
Ins
any
use
cou
cal
70%
som
wa
dec
pla

 Acr
acc
70%
mit

3.4 O

3.4.1 C

 
All instru
Review –
Teams wil
 
All instrum
the SOC. A
and execu
direct com
solve instr

                        
 
11 The FECS i
to Instrumen
12 What these
considered u

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

e). Many s
approach b

yond this t
nt planning
r short, sp
ll be placed
is window

sentially ar
struments 
y noisy ope
e-case here
uld place i
ibration ro
% figure. T
me instrum
ay using wi
compose th
anning peri
ross the or
counted in
% is not b
tigation ac

Other ex

Coordina

ument oper
 IOCR) w
ll be in dir

ment oper
All routine
uted off-lin
mmanding
rument an

                          

is the planning
nt Team’s med
e mitigations m
seful to try to 

v 0 

l Use 

l Use 

spacecraft 
becomes do

there are 
g 
ecific, limi
d by SOC i

w will mand
rbitrarily in
will be con
eration (fr
e would be
its schedul
oll activity
This is bec
ments and 
indows tha
he 70% fig
iod. 

rbit, the pro
n a passive 
being achie
ctions on fu

xternal d

ation wit

rations un
will be plan

ect commu

ations afte
e mission o
ne. The SO
 is require

nomalies, th

                    

g skeleton tha
dium-term-pla
may be depend
 design any au

 noisy eve
oubly appr

two very

ited operat
in the Enh
date noise
n the time 
nstrained t
om the list

e to create 
led burst m
y. N.b. Thi
cause the n
 it is unrea
at occupy 
ure (which

oportion o
 way and t
eved, this 
uture plann

drivers t

th the M

ntil the end
nned unde
unication w

er the start
operations
OC must r
ed for any 
he Instrum

t comes from 
anning. 
ds profoundly

utomated way 

ents are al
opriate. 

y differen

tions wher
hanced FE
-free oper
 outside of
o plan thei
t) within th
a 1 hour w

modes. An
is approac
noise-free w
asonable to
 70% of tim
h applies ac

of time that
then subse
will be br

ning discus

to the SO

MOC 

d of the N
er the resp
with the M

t of the CP 
, including

respect the
 instrumen

ment Team 

 MOC. The E-F

y on which ope
 of controlling

lso create 

nt ways th

re quietnes
CS (E-FEC
ations in t
f the know
ir operatio
his noise-f

window eve
other wou

ch is noth
windows w
o restrict t
me. Furth
cross the o

t was noisy
equently re
rought to t
ssed and a

OC 

NECP (unti
ponsibility 
OC up unt

 (after the 
g payload o
e MOC dea
nt operatio
 will interf

FECS is an exp

erations are fo
g/mitigating th

 attitude d

his EMC n

ss is impor
CS)11 prior 
this period

wn Spacecr
ons such th
free window
ery 24 hour
uld be the 
hing to do
will be hig
their opera
ermore it 

orbit) to ap

y (accordin
eviewed. If
the attenti
greed12.  

il the In O
 of the MO
til then.  

IOCR) will
operations
adlines for
on, for exa
face directl

panded versio

ound to be nois
his. 

disturbance

noisy list 

rtant. Here
 to instrum

d, and will
raft noise o
hat they avo

w. A typica
rs in which
entirety of

o with ach
ghly constr
ations in a
is not rea

pply to any

ng to the lis
f it is foun
ion of the 

Orbit Comm
OC. The I

l be planne
, will be pr
r planning
ample to d
ly with the 

on built by SOC

sy in-flight, th

es, so this

is used in

e a window
ment MTP.
l be placed
operations.
oid placing
al example
h e.g. MAG
f the MAG

hieving the
raining for

an up-front
sonable to

y given STP

st) shall be
nd that the
 SWT, and

missioning
nstrument

ed through
re-planned
g inputs. If
diagnose or
 MOC. 

C as an input 

hus it is not 

 

s 

n 

w 
. 

d 
. 
g 
e 
G 
G 
e 
r 
t 
o 
P 

e 
e 
d 

g 
t 

h 
d 
f 
r 



 
Page 29/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
The RS in
science op
to charact
during the
 
The SOC 
will produ
MOC duri
 
The SOC
instrumen
part of the
 
The MOC
and groun
from the m
 
In order 
window, s
These obs
higher pri
to as ‘prec
 
Although 
spacecraft
MOC/SOC
and Cons
the planni
additional
duplicatio
 
Science d
buffers to
coordinat
rate inform
 
Due to th
latency th
with the 
                        
 
13 The adapta
is already for

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

nstrument 
perations p
terize thei
e NMP. 

will review
uce as part
ing NECP. 

C will also
nts. Howev
e nominal 

C is also su
nd station 
mission. 

for the R
some very
servations 
iority than
cursor obse

 the MOC 
t constrain
C iteration
traints dat
ing of scien
l instrum

on of rules 

data produ
o the SSM
tion with th
mation pro

e limitatio
hat science 
MOC and 
                          

ation of the sta
reseen by othe

v 0 

l Use 

l Use 

 checkouts
planning fa
ir instrum

w and coor
t of their In
 

o coordina
ver, these w
 process of 

pporting t
 pass optim

RS instrum
y limited a
 will be pa

n the rest of
ervations’. 

 will mode
nts, the SO
n cycle the S
tabase at S
nce operat

ment const
 or constra

uced by th
M will be 
he MOC. D
ovided by t

on on Solar
 data will s
 with the 
                    

andard SOC pl
er missions, an

s distribut
acilities. T
ents to m

rdinate the
nstrument

ate the ca
will be run

f science op

the SOC in
mization m

ments to de
amount ob
art of the l
f the scien
 

el spacecra
OC is expec

SOC will m
SOC for ch
tions13. The
traints (pr
aints will ex

e instrum
 modelled 

Data down
the MOC. 

r Orbiter t
suffer beca
participati

lanning tool “E
nd thus not exp

ted through
The Instrum

ake the be

e commiss
t User Man

alibration 
n during th
perations u

n the elabo
models requ

etermine t
bservations
low latenc
ce data acq

aft resourc
cted to pro
maintain a 
hecking pla
e SOC will 
robably sc
xist across 

ents and t
 by the SO
link will al

otal volum
ause of the 
ion of the

EPS” to suppo
pected to be p

hout CP w
ment Team
est possibl

sioning pla
nual. These

and char
he RS chec
using the S

ration of t
uired to as

their point
s could be 
cy data set
quired by t

ce usage a
ovide confli
 copy of the
anning rul
 also main
cience-base
 these two 

transferred
OC and ch
lso be mod

me of telem
 mission p

e Instrume

ort ingestion o
problematic. 

will be plan
ms may use
le use of t

ans that th
e plans wil

acterizatio
ckout perio
OC infrast

the SSMM,
ssure optim

ting for a
 scheduled

ts and will
the payload

and verify 
ict free pla
e MOC mis
les and co
tain a sepa
ed) affect
 databases

d from the
hecked aga
delled by t

metry down
profile, the 
ent Teams 

of the MOC Ru

nned usin
e these opp
the science

he Instrum
ll be execu

on plans o
ods during
tructure. 

, telemetry
mal teleme

n upcomin
d a few da
l be downl
d. These ar

the non-v
ans. To mi
ssion plann
nstraints r
arate datab
ting opera
. 

eir interna
ainst actua
the SOC ba

nlink and t
 SOC in co
 might im

ules and Const

g the SOC
portunities
e windows

ent Teams
uted by the

of the RS
g the CP as

y downlink
etry return

ng science
ays before.
linked at a
re referred

violation of
nimize the
ning Rules
relevant to
base of any
ations. No

al memory
al usage in
ased on bit

to the high
ordination

mplement a

traints format 

 

C 
s 
s 

s 
e 

S 
s 

k 
n 

e 
. 
a 
d 

f 
e 
s 
o 
y 
o 

y 
n 
t 

h 
n 
a 

 



 
Page 30/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

scheme o
number a
specific r
acquisitio
the low la
processing
packets co
routed by 
the next g
 
Instrumen
fixed sola
executing 
differentia
contain a 
the MOC t
this featur
 
 

3.4.2 C

 
As mentio
review an
part of th
NECP. 
 
The SOC
instrumen
part of the
 
As a gene
volumes t
2000). Th
and carrie
may proce
later time
 
Moreover
operation

                        
 
14 This is the 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

of selective
and size of 
requests t
on start and
atency data
g at the S
ontaining 

y the SSMM
ground stat

nts, mainl
ar coordin
 rasters ov
al rotation
 solar rota
to achieve 
re during t

Coordina

oned alrea
nd coordina
heir Instru

C will also
nts. Howev
e nominal 

eral rule, in
than the on
herefore, s
ed out on-
ess science

e either a se

r, due to th
ns during th

                          

 solar rotation

v 0 

l Use 

l Use 

e telemetr
 the SSMM
o the MO
d end time
a products 
SOC and im

low latenc
M to a dedic
tion pass. 

y RS ones
nates, trac
ver a solar r
n has to be 
ation rate14

 the neede
the CP, tak

ation wit

ady in the p
ate the com
ment User

o coordina
ver, these w
 process of 

nstruments
nes feasibl
strict scien
-board by 
e observati
elected sub

he limited 
he whole p

                    

n rate compute

ry downlin
M packet st
OC for bo
es) if requi
 at a suitab
mmediate 
cy data wi
cated high

s, will use 
cking parti
region. In 
 taken into
4 computed
d pointing

king advant

th the In

previous s
mmissionin
r Manual. 

ate the ca
will be run

f science op

s on Solar 
le to down

nce data se
 the instru
ons outsid

bset or deri

 telemetry 
eriod corre

ed for a specifi

nk. This w
tores and t
ound telem
ired. This f
ble high pr
 distributi
ill be ident

h priority p

 different 
icular sola
 order to im

o account. P
d by the SO
g behaviour
tage of the 

nstrumen

ection (Co
ng plans th
 These pla

alibration 
n during th
perations u

 Orbiter ar
nlink via te
election an
uments the
de of the no
ived produ

y allocation
esponding

ic latitude. As 

will be ac
their assoc
metry tra
feature wil
riority so t
ion to all 
tified by s
acket store

 pointing s
ar regions
mplement s
Pointing R
OC. This ra
r. The SOC
 RS check 

nt Teams

oordination
hat the Inst
ans will be

and char
he RS chec
using the S

re capable 
elemetry (i
nd data co
emselves. 
ominal scie
ucts to the 

n, RS instr
 to science

 a byproduct  

ccomplishe
ciated prior
nsfers (wh
ll also take
they are av
Instrumen

specific AP
e which wil

strategies: 
s for an e
solar regio

Requests th
ate will the

C will reque
 out period

s 

n with the 
trument Te

e executed 

acterizatio
ckout perio
OC infrast

 of acquiri
in some ca
ompression
RS instrum
ence windo
SSMM for 

ruments m
e windows.

ed by man
rities, and 
hich spec

e care of do
vailable pr
nt Teams. 
PIDs, so th
ll downlink

 pointing 
extended 

on tracking
hat track ro
en be appl
est commis

ds. 

 MOC), th
eams will p
 by the MO

on plans o
ods during
tructure. 

ing much l
ases up to 
n is usually
ments, in 
ows, transf
 downlink.

may not car
 

naging the
 by issuing

cify packet
ownlinking
omptly for
Telemetry

hey can be
ked during

at specific
period, or

g, the Sun’s
otation will
lied within
ssioning of

e SOC will
produce as
OC during

of the RS
g the CP as

larger data
a factor of
y required
particular,

ferring at a
. 

rry science

 

e 
g 
t 
g 
r 
y 
e 
g 

c 
r 
s 
l 

n 
f 

l 
s 
g 

S 
s 

a 
f 

d 
, 

a 

e 



 
Page 31/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
In additio
required b
defined b
mechanis
detected b
switching 
reaction t
operation
 
Requests 
to be don
instrumen
 
Some IS i
RS instrum
windows. 
 
Instrumen
the SOC c
meet the M
 
Also, whe
level plan
support th
the requir
establish c
 
The SOC 
latency da
ground st
 
Instrumen
software t
processed
software s
 
Instrumen
and distri
 
The Instr
instrumen
planning p

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

on, and in 
by the mis

by solar a
ms by wh
by a runn
 observing
to flag-exc

ns, SSMM r

 for instrum
ne in coor
nts in the p

instrument
ments are 
 

nt Teams 
can consol
MOC plann

en the who
nning at the
he SOC in
red relevan
clear rules

 team has 
ata set to a
ation pass 

nt Teams 
to the SOC

d into files
standards a

nt Teams w
bution in a

rument Te
nt enginee
process. 

v 0 

l Use 

l Use 

 order to b
ssion profi

activity, th
ich they a

ning synopt
g program
change is 
resources a

ment calibr
rdination w
payload in 

ts, for exam
 minimal. 

shall prod
lidate them
ning cycle 

ole payload
e SWT or t
 the plann

nt and time
 that the S

 to coordin
assess whet
 under eve

 which pr
C so the sp
s for use 
and deliver

will provid
accordance

eams will 
ering mod

be able to
file and sti
he instrum
alert the re
tic progra

ms upon t
 required 
allocation a

ration oper
with other
 a coordina

mple MAG
These will

duce Instru
m into con
 deadlines.

d is execu
the SOWG

ning proces
ely scientif
OC scienti

nate with t
ther these 

ery orbital g

oduce low
pecific API
with the 

ry mechan

e science d
e with the m

 also prov
dels that c

o execute s
ill being ab

ments have
est of the 
m. Other 
their rece
 by the S
and teleme

rations ma
r space or
ated fashio

G, might re
l normally 

ument Ope
nflict free 
 

uting a coo
G, a campa
ss, in parti
fic decision
ists can foll

the Instrum
can actuall
geometrica

w latency 
IDs contai
planning 

nism for the

data produ
mission da

vide supp
can be us

science ope
ble to resp
e impleme
payload to
instrumen
ption. Th

SOC in or
etry downli

ay have hig
r ground b
on. 

quire quie
 be schedu

erations Re
Payload O

ordinated o
aign leader 
icular with
ns. Alterna
low withou

ment Team
ly be down
al conditio

data shall
ining these
system. [R

ese elemen

ucts and sof
ata policy. 

port to the
sed for re

erations co
pond to ta
ented on-b
o a pre-arr
nts may re
e informa
der to ke
ink modell

gh priority 
based asse

et periods w
uled outsid

equests in
Operations 

observing 
 would hav

h pointing 
atively, the
ut relying o

m on the d
nlink to gro
n. 

l deliver t
e data can
RD.5] pro

nts. 

ftware to t

e SOC in 
esource pr

ompletely 
argets of op
board flag
ranged set

eact to suc
ation abou
eep track 
ling. 

 if these ac
ets, or usi

where activ
de of nomin

n a timely m
 Requests 

plan drive
ve to be id
 determina

e SWT or S
on external

definition 
ound durin

telemetry p
n be reform
ovides guid

he SOC for

 the elab
rediction d

off-line as
pportunity
 exchange
t of events
ch flags by
ut payload
of science

ctivities are
ng several

vities from
nal science

manner to
in time to

en by high
dentified to
ation, with

SOWG may
l parties. 

of the low
ng the next

processing
matted and
delines on

r archiving

oration of
during the

 

s 
y 
e 
s 
y 
d 
e 

e 
l 

m 
e 

o 
o 

h 
o 
h 
y 

w 
t 

g 
d 
n 

g 

f 
e 



 
Page 32/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 

3.4.3 C

 
The Proje
and throu
 
The SOC 
scientific 
 
The SOC w
changes p
 
 

3.5 C
 
Several op
 

 Re-
 Re-
 Re-

 
However, 
developm
scientific 
 

3.6 C
 
The scien
addressed
mission c
observatio
RS payloa
collaborat
the SOC. 
 
As part of
the conten
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Coordina

ect Scientis
ugh the LTP

 will prov
objectives 

will consul
proposed to

Coordin

pportunitie

-use of par
-use of par
-use of par

 the SOC s
ment of oth

objectives 

Coordin

ntific syner
d in the So
calls for an
ons during
ad on Sola
tion is not 

f the MOU
nts of the S

v 0 

l Use 

l Use 

ation wit

st shall ap
P planning

vide feedba
 of the mis

lt with the
o the basel

ation wi

es for coord

rts of the sc
rts of BepiC
rts of the sc

shall have 
her project
 of the mis

ation wi

rgies betw
olar Orbite
n August 

g Solar Orb
ar Orbiter 
 driving an

U on Solar 
Solar Orbit

th the Pr

pprove pay
g cycle (see

ack to the
sion addre

 Project Sc
ine missio

ith othe

dination w

cience ope
Columbo d
cience arch

 enough re
ts for any 
sion. 

ith non-

ween Solar 
er Science
2018 laun

biter CP st
 is nomina

ny of the de

 Orbiter be
ter archive

roject Sc

yload opera
e 4.2.2). 

e Project S
essed by th

cientists on
n scenario

er ESA p

with other p

rations pla
data-retriev
hives of SO

esources no
 of its crit

-ESA pro

 Orbiter a
e Requirem
nch and th
arting at 1
ally off-lin
evelopmen

etween ESA
 to NASA. 

cientist 

ations plan

Scientist s
he top level

n all matte
o. 

projects 

projects ha

anning too
val from O

OHO and U

ot to be de
tical functi

ojects 

and NASA’
ments Docu
here migh
15 months 
ne at the ti
nt, operatio

A and NAS
 

ns by lead

so he can 
l activity pl

ers related 

ave been id

l from Ven
GS. 

Ulysses. 

ependent o
ions requi

’s Solar Pr
ument [RD
t be reque
 before NM
ime. At pr

onal or staf

SA, ESA w

ding the SA

 assess wh
lan are bein

 to science 

dentified: 

nus Expres

on the succ
ired for m

robe Plus 
D.01].  SP
ests for co

MP. At this
resent, this
ffing requir

will provide

AP writing

hether the
ng met. 

 and on all

s. 

cess of the
meeting the

 (SPP) are
P baseline
oordinated
s stage, the
s potential
rements of

e a copy of

 

g 

e 

l 

e 
e 

e 
e 
d 
e 
l 
f 

f 



 
Page 33/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

3.7 L
 
According
address th
 
Keep the 
(i.e. solar 
 
To avoid 
constraint
will be use
 
Data qual
quickly to
 
A commo
implemen
of two dif
since the 
calibration
 
The SOC w
over the l
the make 
 
 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Lessons 

g to lesson
he followin

planning c
 activity va

unnecessa
ts, a single
ed for chec

lity is to be
o minimize

n archive s
nted to hav
fferent syst
 start of th
n for long t

will make s
ong run, a
 up and kn

v 0 

l Use 

l Use 

 Learned

ns learned 
ng issues: 

cycles as s
ariability). 

ary SOC/M
e database,
cking again

e monitore
 bad qualit

supporting
ve a single 
tems as sci
he CP. Thi
term prese

specific res
as the PI re
ow how of

 

d 

from othe

short as po

MOC iterat
, maintain
nst non-ins

ed as soon 
ty observat

g both scien
point of ac
ience data 
is archive 
ervation. 

sources av
esponsibili
f the PI tea

r mission 

ossible to b

tions becau
ed by the 
strument s

 as possibl
tions. 

nce operat
ccess to all 
 will be ma
will also r

vailable to m
ties may c
ms evolve 

in the Scie

be able to 

use of POR
MOC but w

specific con

le so instru

tions and s
 mission d
ade availab
receive sof

maintain th
hange from
 as the mis

ence Progr

react to ta

Rs violatin
with a cop
nstraints. 

ument ope

cience dat
data and av
ble to the s
ftware for 

he Instrum
m instituti
ssion ages. 

ramme, th

argets of op

ng plannin
py located a

erations are

a distribut
void the ma
scientific c
data proce

ment Team
on to insti
 

e SOC will

pportunity

ng rules or
at the SOC

e modified

tion will be
aintenance
community
essing and

m interfaces
itution and

 

l 

y 

r 
C 

d 

e 
e 
y 
d 

s 
d 



 
Page 34/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

4 D

4.1 C

 
As a resul
coordinat
the Payloa
SOC Team
building b
 
At the cur
during th
this conce
 

 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

DESCRIP

Concept 

lt of the an
tion carried
ad and the
m has alre
blocks of th

rrent time
e next pha

ept. 

v 0 

l Use 

l Use 

PTION O

 Overvie

nalysis of t
d out alrea
e Avionics 
eady ident
he Solar Or

e, this is a 
ase of the S

OF CON

ew 

the SIRD r
ady with th
 Team), th
tified sever
rbiter SOC

 conceptua
SOC devel

Figure 2. S

NCEPT 

requireme
he Project S

e OGS, an
ral discret

C. 

al design, a
lopment. F

SOC Functio

nts, the st
Scientist, th

nd the Instr
te compon

and will h
Figure 2 de

onal Blocks

tudy of the
he Project 
rument Te

nents that 

have to be 
epicts the m

s 

e mission p
 Team (in 

eams them
 are likely 

refined an
main comp

profile and
 particular,

mselves, the
 to be the

nd detailed
ponents of

 

 

d 
, 
e 
e 

d 
f 

 



 
Page 35/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

4.2 T

 
Given the
and the 
previous 
achieve th
usage of t
the compl
of using o
use of the
 
Therefore
type miss
planning 
the top lev
the Solar 
constraint
being con
perform t
Project Sc
 
Solar Orb
Solar Syst
Short Ter
two additi
downlink 
individual
to point to
 
For the V
studies th
updating 
randomly
 
These plan
 

LTP 

MTP 

STP 

 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

The Plan

e fact that 
heliospher
chapter, c
he scientif
the science
lexity of pr
on-board in
 resources 

e, the mode
sion, with 
process de
vel scientif
 Orbiter D
ts from th
nverted in
he actual c

cientist.  

biter will r
tem missi

rm Plannin
ional level
 restriction
l orbits sep
o dynamic 

VSTP, the 
hat show th

pointing d
y at the Sun

nning cycl

Cove
This
Cove
This
This
to in

v 0 

l Use 

l Use 

nning Co

instrumen
re, and ta
oordinatio

fic objectiv
e window o
re-planned
nstrument
 of the mis

el for scien
as much a

escribed he
fic objectiv

Definition S
he mission 
nto conflict
commandi

reuse the t
on: Long 
ng (STP) t
s of planni
ns which e
parately, an
 events tha

 Project Sc
hat solar fe
during a p
n. 

es are all d

ers a six mont
s planning cyc
ers the same s
s is the cycle w
s covers a week
nstrument com

oncept 

nts on Sola
aking into
on plannin
ves of the 
opportunit

d science op
t generated
ssion very c

nce operati
advance p
ere is to re

ves of the m
Study Repo
 profile, in
t free Pay
ing of the i

three stand
Term Plan

tailored to 
ing: An ov
extend furt
nd a Very S

at evolve in

cientist ha
eatures dri
period long

described in

th period, at a 
cle is synchron
six month peri

where resource
kly period (mo

mmanding tha

ar Orbiter 
o considera
ng science 

mission. T
ties for the
perations p
d flags to s
challenging

ons planni
planning as
efine progr
mission as 
ort [RD.04
nto a detai
yload Ope
instrument

dard MOC
nning (LT
 Solar Orb

verall missi
ther than a
Short Term

n the Sun.  

as specifie
ift because
ger that 3

n Table 1. 

 range of 6-12 
nised to the sta
iod as LTP. 
e allocations a
ore across RSW

at will be uploa

are design
ation the 
operations

This is par
e RS instru
plans runn
switch obs
g. 

ing being d
s possible.
ressively a
 agreed by 
4]), and co
iled scienc
rations Re
ts all unde

C/SOC plan
P), Mediu

biter needs
ion level on
a single or

m Planning
 

ed a 3-day
e of proper 
3 days is r

 months. 
ation-scheduli

re fixed. 
Ws). This is th
aded to the sp

ned to stud
constrain

s if of the 
rticularly p
uments du
ning off-lin
serving pla

defined is t
.  The obj

a very high
 the SWT (
onsidering 
ce operatio
equests us

er the scien

nning cycl
um Term P
s. These w
ne, to addr
rbit make 
g (VSTP) cy

y turnarou
 motion in

roughly eq

ing activity at 

he planning cy
acecraft. 

dy both sol
nts identifi

 essence in
pressing fo
ring the N

ne with the 
ans make a

that of an e
ective of t

h level plan
(described 
 the most 

ons plan su
sed by the
ntific overs

es in use w
Planning (

will be augm
ress the fa
impossible
ycle, neede

nd period
n such a wa
quivalent t

ESOC.  

ycle that leads 

lar physics
ied in the
n order to
or optimal

NMP, when
 possibility
an efficient

encounter-
the overall
n based on
 for now in
 important
uitable for
e MOC to
sight of the

with other
(MTP) and
mented by
ct that TM
e planning
ed in order

d based on
ay that not
o pointing

 

 

s 
e 
o 
l 

n 
y 
t 

-
l 

n 
n 
t 
r 
o 
e 

r 
d 
y 

M 
g 
r 

n 
t 
g 



 
Page 36/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Mission

VSTP 

Table 1: Ov
 

At MTP an
from the i
exist. The
over the S
MTP. This
of the inst
for scienc
source n
resource c
 
Similarly 
for pointin
type of rem
arriving la
placehold
 
Table 2 sh
which PO
performed
 
 
Pointing 

Instrument in

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

n-level A fe
with
orbi
into
be a
stati
This

This
(i.e. 
 
The 

verview of 

nd STP the
instrument
 resource c

SpaceWire 
s leads to t
trument be
e or, failing

not found
checking at

 the idea of
ng. The cyc
mote-sensi
ater), there

der. 

hows this p
Rs are gen
d. 

Miss
SAP 
 P

by
 St

ea
ro

nput - 

v 0 

l Use 

l Use 

ature of the So
h associated he
its with poor c
 the subseque

assessed in isol
ion usage, whi
s is a planning
 Solar fea

very clos
 Proper m

rotation,
quick fea

s activity is pre
 it is not neede

 VSTP cycle al
 Solar Orbi

e planning 
t teams. At
check of m
 link into S
the idea of 
ehaviour/s
g that, from

d.. The IOR
t LTP (and

f a PTR-pla
cles in whi
ing window
efore it doe

placeholder
nerated by 

sion-level 
 identifies 
ointing types 
y activity 
trategy for 
ach comms 
oll 

olar Orbiter m
eavy filling of 

communication
ent orbit. Thus
lation. There h
ich takes acco

g cycle related 
atures can be s
se to the begin
motion of featu
, such that the
ature-tracking
esent only for 
ed for so-calle

lso foresees a v
iter Plannin

 cycle oper
t LTP (and

most concer
SSMM), sin
 the IOR-p
state over t
m the defa

R-placehold
d mission-l

aceholder c
ich a PTR-p
w (e.g. sola
es not nece

r concept b
SOC, and t

LTP 

 
Pointing 
timeline 

- 

mission is very 
 the onboard S
ns geometry, m

s from a data-p
has to be a glo
unt of the indi
 to pointing/P
short-lived, so
nning of the RS
ures relative to
e HR telescope
g loop. 
 those RS-win

ed “geometric”

very limited se
ng Cycles 

rates with f
d indeed at 
rn is data p
nce this mu
placeholder
time that ca
ult allocati

der needs t
level) plann

can also be
placeholde
ar feature-t
essarily foll

by plannin
the quality

MTP 
PTR f
point

IOR 

 long latencies
Solid State Ma
much of the d
production po
obal plan for d
ividual packet

PTR-update, dr
o the “feature o
S-window. 
o the theoretic
es may rapidly

ndows where fe
” observations

et of instrume

fully repre
 mission-le

production 
ust be plan
r. This is so
an be deriv
ions of the
to carry ad
ning. 

e defined. T
er is necess
tracking ha
low exactly

g cycle. Als
y of the reso

 
for geometric 
ting only 

s on return of 
ass Memory (S
ata generated 

oint of view the
data productio
t stores and th
riven by the fo
of interest” ha

cal models of d
y lose a feature

eature-trackin
s 

ent updates. 

sentative c
evel) no su
 (i.e. the da

nned across
ome simpli
ved from th
 EID-A Er
equate info

This serves
sary can va
as the firm
y the same

so shown a
ource/allo

STP 
 (same as M

IOR 

 data to groun
SSMM). For 
 carries over 
e orbits canno
n and ground 

heir usage.  
ollowing point
s to be chosen

differential 
e without a 

ng is present 

commandin
uch detailed
ata-volume
s longer pe
istic repres
he long-ter

rror! Refe
ormation t

s a similar 
ary accordi

m pointing d
e cycles as t

are the cycl
cation che

VST
MTP) PTR

“de

d, 

ot 
 

ts 
n 

ng inputs 
d products
es routed 

eriods than
sentation 
rm plans 
erence 
to allow 

 role, but 
ing to the 
definition 
the IOR-

les at 
cks being 

TP 
R 

elta-IOR” 

 

s 

n 

 



 
Page 37/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Total Payload

 
Quality of 
resource 
checks 
Table 2: O
 
The follow
was finali
at the SW
on-board 
ESTEC in

4.2.1 M

 
The scope
 

 The
 Sci
 SW
 Ite

fee
 On

ope
 The

wh
 The

per
req
of t

 The
 Pro

res
 The

lev

                        
 
15 This is imp
Removal of T

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

d SAP 
 C

an
al

Crud

Overview of

wing subse
ized in a de

WT that took
 data mana
 April 2013

Mission L

e is the enti

e SWT allo
ience objec

WT/SOWG 
rations w

edback to th
nce RS w
erations pl
e SOC with

hat level of 
e SOC exe
riods wher
quirements
telemetry c
e SOC feed
ocess itera
sources, an
e output fe

vels: CAP (C

                          

portant later w
TAP activities p

v 0 

l Use 

l Use 

 identifies 
Coarse mode 

nd TM 
llocations 

de 

f SOC input

ections des
edicated w
k place in 
agement m
3. 

Level Pla

ire mission

ocates spec
ctives are c
 determine

with OGS 
he SWT fo

window loc
lan. 
h the suppo
 resources 
ecutes its 
re addition
s. These ty
constraints
ds back res
ated until l
nd available
eeds into th
Core Activi

                    

when the plan h
provides a cle

Instrument
timelines 

Intermedia

ts and outp

scribe each
workshop a
 London in

matters nee

anning 

n: 

cific orbits 
classified b
es best loca
on RS w
r plan mod
cations ag

ort of Instr
 (data, pow
data retur

nal GS pas
ypically spa
s. 
source estim
level of pla
e resources
he Science
ity Plan) an

has to accomm
an path to ach

 
t POR 

ate Detai

puts accord

h of the pla
at ESOC in
n February
eded to sup

 to specific
y SWT into

ations for t
window loc

dification i
greed, the

rument Te
wer, pointin
rn analysi

sses are of 
an periods 

mates and 
anning det
s are suffic
e Activity P
nd Tentati

modate the del
hieve this. 

 

iled 

ing to plan

anning cycl
n January 2
y 2013. Det
pport it wer

c mission sc
o Core/Cri
the RS win
cation, giv
if needed. 
e SWT/SO

ams use in
ng) is requ
s and GS 

f critical im
 much lon

 GS reques
tail is eno

cient for ru
Plan (SAP)
ive Activity

lta between th

POR 

Detailed 

nning cycle 

les in more
2013, and 
tails of the 
re discusse

cience obje
itical and T
dows, if no

ven missio

OWG prod

nstrument 
ired by the
 pass opti

mportance 
ger than a

sts to SWT
ugh to det

unning the 
. Within th

y Plan (TAP

he assumed an

“de

- 

  

e detail. Th
 presented
 concept th
ed in a SOW

ectives. 
Tentative. 
ot the base
on constra

duces dra

 models to 
e SWT/SOW
imization t
 to meet d

a single orb

/SOWG an
termine S/
 plan. 
he SAP the
P)15.  

nd actual statio

elta POR” 

he concept
d to the PIs
hat involve
WG held at

eline. 
aints with

aft science

 determine
WG plan. 
to identify

data return
bit because

nd OGS. 
/C and GS

ere are two

on allocation. 

 

t 
s 
e 
t 

h 

e 

e 

y 
n 
e 

S 

o 

 



 
Page 38/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
This is no
term plan
next level
coverage. 

 Da
 Tim
 Bro

pla
 
Figure 3 d
 

4.2.2 A

SAP: The
SWT and 

 Ins
 Poi

the
 
The SAP 
operation

 LT
bet

 
Project sc

 Con
 

4.2.3 T

It is the 
activities t
 
At the lev
(i.e. not in

 Pla
scie

 Equ

                        
 
16 Solar Orbit
the “JOPs” of

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ot a one-off
nning cycle
l as it pro
 Specificall

ata allocatio
ming of the
oad strate
anning) 

depicts the 

Approva

e Science A
 supported
strument r
inting appr
e disk centr

 is the pr
ns. We then

P, where n
tween instr

cientist wou
ntingencie

Traceabi

responsib
to Science 

vel of SOC
nto lower le
anning is b
ence activi
ually no SO

                          

ter Observing 
f SOHO. Thes

v 0 

l Use 

l Use 

ff process. 
es are exec
ovides inp
ly the miss
ons associa
e remote-se
gy for com

 planning p

l by Proj

Activity Pla
d by SOC. I
esource all
roach for e
re, or at a s

rincipal p
n consider t
non-critica
ruments or

uld also be
es that mat

ility of op

ility of th
 Goals of th

, we forese
evel produ
by time-p
ities to com
OC-level de

                    

 Plan. This is t
e are fundame

The overal
cuted. The

put which 
sion-level p
ated to scie
ensing win
mms rolls,

process in 

ject Scie

an is a doc
t defines th
locations, i
each RS-wi
solar pole, 

oint at w
that Projec

al science a
r between 

e informed 
terially affe

peration

e Project 
he mission

ee tracing 
ucts like IO
eriod. The

mplicate th
escoping o

the means of c
ental to planni

ll plan has
e output of
 the OGS 
planning n
ence activit
ndows (sinc
, where th

 graphical 

ntist 

cument pr
he science 
if different
indow (i.e.
 or track a 

which the 
ct Scientist
activities ar
planning p

 for 
ect on-goin

ns 

Scientist t
n. 

 of SAP ac
ORs). Ratio
ere is no 

he visibility
of SOOPs/I

coordination b
ing at LTP. 

s to be revi
f this plan
 uses duri
eeds to add
ties instrum
ce this can
hey occur 

 form. 

roduced by
 goals of ea
t from base
. whether t
 particular 

Project S
t approval 
re descope
phases. 

ng operatio

to mainta

ctivities as 
nale for th
autonomo

y of science
IORs is for

between instru

ised period
n is require
ing negoti
dress 
ment-by-in

n affect stat
 (since thi

y the Proje
ach orbit/R
eline 
the spacecr
 type of fea

cientist ap
 is needed 
ed, or resou

ons 

in any tra

 far as SOO
his is: 
ous schedu
e goals 
reseen 

ument’s scienc

dically as t
ed to proc
ations of 

nstrument 
tion planni
is can affe

ect Scientis
RS-window

raft shall p
ature). 

pproves th
 for 
urces are r

aceability 

OP16s but 

uling of fre

ce planning, eq

the shorter
ceed to the

ESTRACK

  
ing) 
ect station

st with the
w. 

oint at e.g.

he science

reallocated

of Science

no further

ee-floating

quivalent to 

 

r 
e 
K 

n 

e 

. 

e 

d 

e 

r 

g 



 
Page 39/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 SO
 IOR

 
Rather we
phase of 
meetings.
traced via

 SA
 SA
 Sci

 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

OOPs will p
Rs and SO
o Any an

impact
signifi
not be
scienc
after o

o Equall
flawles
and th

e see the n
each orbi
 Plausibly 

a these revi
AP activity e
AP activity b
ience produ

v 0 

l Use 

l Use 

robably no
OPs will n
nomaly du
t on the s
cantly imp
e detected
e (e.g. pro

operations 
ly on solar
ssly, but th

he sun does

need for a 
t. This wo
 there are t
iews 
executed o
bulk-scienc
ucts relate

ot have a si
ot have a s

uring opera
science tha
pact the ov
d as anom
oblem inte
 leading to 
r orbiter it
he science 
s not oblige

 post-oper
ould be a 
three level

onboard 
ce data arr
d to SAP a

imple trace
simple pass
ations will
at was on
verall scie

malies duri
ernal with
 lost data) 
t’s entirely
 goal still f
e) 

ations revi
 telecon, o
ls to closin

rives at PI-
activity arri

eability to 
s/fail relat
l have to b
going. Ma
nce. Conv
ing execut
in PHI da
 
y possible 
fail (e.g. if 

iew at the 
or it could
g out scien

-site and pa
ive at the E

science go
ionship to 

be assessed
any types 
versely eve
tion but w
ata-reducti

that the o
 it is relate

 end of ea
d be part 
nce goals th

asses initia
ESA Scienc

als. 
 science go

d case-by-c
of anomal
nts exist t
which wou
ion, SSMM

operations 
ed to catch

ch orbit or
of the reg
hat would 

al inspectio
ce Archive 

oals. 
case for its
ly will not
that would
uld nullify

M problem

might run
hing a flare

r the RSW
gular SWT
 need to be

on 
 

 

s 
t 
d 
y 

m 

n 
e 

W 
T 
e 



 
Page 40/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

TOP LEVEL
MISSION PLAN

PER ORBIT
SCI OBJECTIVES

ORBIT
HIGH LEVEL

PLAN

MISSION LEV

 

 
There is a
diagram c
to the sta
granted s
whether t
delta, and
link to PS
goal of th
period to 
over the w
 

4.2.4 L

 
The long t
no sooner

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

PS/SWT/

RS WINDOW
LOCATIONS

RESOURCE
PRIORITIES

(DATA, PWR.

INSTRUMEN
OBS MODES

EL PLANNING F

a final stag
clear. Like 
ation sched
station sch
the SAP c
d providing
S and SWT
is activity 
 match wha
whole miss

Long Ter

term plann
r than six

v 0 

l Use 

l Use 

M

/SOWG

W
S

...)

NT
S

SAP

LOW

SAP

Figure 3.

ge of “mis
 the final b
duling. Th
hedule. Th
ontains an
g the rules

T that place
 tuning is t
at is assum
ion every s

rm Plann

ning cycle 
x months b

Models based o
Guidance/Inpu

from IT

CRUDE MODE‐
BASED 

INSTRUMENT
MODELS

. SOC Missi

ssion-level”
block this c
his is the a
his could 
n adequate
s for adjus
es this step
to control 

med in the 
six months

ning Cyc

is driven b
before the

n 
ut 
Ts

SSMM & TM
MODELS

ORBIT

GS PASS
OPTIMIZER

Input <Reque
prior to 6 mon

ion Level (t

” planning
covers only
adjustmen
be relativ

e proporti
sting the T
p within th
the state o
 mission-le
s. 

cle 

by the avail
e start of 

SOC
PAYLOAD
PLANNING

M

st to station schedulin
nthlyESTRACK schedu

top) Planni

g not show
y the six m
nt of the a
vely simpl
on of TAP

TAP conten
he mission
of the SSM
evel plan. T

lability of a
the plann

ng > 
ling   

ing Cycle. 

wn in the F
month sectio
activity pla
le, or com
P activities
nt are clea
-level, rath

MM at the e
This avoids

a planning
ning cycle 

Figure 3 to
on of the p

an to fit th
mplex depe
s to comp
r. It is this
her than in
end of the 
s cascade r

g skeleton f
being cov

SOC

MOC

o keep the
plan linked
he actually
ending on
ensate the
s potential
n LTP. The
 six month
replanning

from MOC
vered. This

 

C 

C

e 
d 
y 
n 
e 
l 
e 
h 
g 

C 
s 



 
Page 41/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

includes a
including 
 

In 
eve
wit
flex
add
 

The scope
 

 The
pre
oth

 The
 The

con
 The

Tea
 
All “coord
MTP plan
Due to the
tool that a
called “SO
 
This plann
months b
MTP). 
 
 
Figure 4 s
 

                        
 
17 In very gen
that the preci
planetary mis

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

all known
 ground co

general it 
ents. Wher
thin which
xibility17, th
dressed as 

e is one pla

e SOWG 
ecursor ob
her calibrat
e Instrume
e SOC int
nstraints an
e SOC fee
ams. 

dination” a
nning is ess
e centrality
allows the 

OOP kitche

ning proce
efore the s

shows the p

                          

neral terms thi
ise hour at wh
ssions. 

v 0 

l Use 

l Use 

n spacecraf
ommunicat

is expected
re appropri
h events ha
he window
 the definit

anning peri

refines th
bservations
tion activit
ent Teams 
tegrates al
nd resourc
eds back p

aspects of t
sentially in
y of the SO
 display of 
en”. 

ess with tak
start of the

planning p

                    

is may not be n
hich an operati

ft activitie
tions, man

d that the 
iate howev
ave to be l

ws being co
tion of plan

iod, match

he draft s
s are neede
ty. 
 detail thei
ll Instrume
ce estimate
planning i

the plannin
nstrument-
OWG meet
f instrumen

ke place ev
e orbit whic

process in g

needed for ma
ional event is 

es and orb
oeuvres an

 MOC skele
ver it can in
located, wh

onverted to
nning and 

hed to the E

cience ope
ed ahead 

ir instrume
ent operat
es. 
informatio

ng should b
-by-instrum
ing for this
nt modes a

very six mo
ch is being

graphical fo

any types of ev
 scheduled is p

bit events 
nd other sp

eton file m
n some cas
hich may 

o firm time
 ICDs prog

ESTRACK 

erations p
of the rem

ent operati
tions and 

on into the

be finalised
ment, with
s process, 
and pointin

onths, and
g planned (

orm. 

vent, since the
probably not h

relevant f
pacecraft m

marks firm 
ses be used
allow mor

es in later p
gresses.  

 planning c

plan and 
mote scienc

ions. 
checks ag

e SOWG 

d in LTP, s
hin the tim
 we foresee
ng types ov

 has to be 
(to avoid a

e long orbit pe
highly impacti

for science
maintenanc

 times of o
d to indicat
re scientific
planning. T

cycle. 

determine
ce window

gainst miss

and the I

such that s
ming alread
e a realtim
ver time. T

 completed
a timing co

eriod of Solar O
ng for science

e planning
ce periods.

operational
te windows
c planning

This will be

es whether
ws and any

sion rules,

nstrument

subsequent
dy decided
e planning

This tool is

d prior to 4
onflict with

Orbiter means
e, unlike 

 

g 
  

l 
s 
g 
e 

r 
y 

, 

t 

t 
. 

g 
s 

4 
h 

s 



 
Page 42/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

SAP

LONG TE

Refinemen
instrume
modes,

precurso
turn‐arou
calibratio

Coordinda
betwee

instrume

 

 
In the Fig
schedule-
planning. 
explicit fr

4.2.5 M

As part of
Requests 
resources 
completed
but spacec
 
The point
determine

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ERM PLANNING

S

Near realtime 
assessment of 
feasibility

nt of 
ent 
, 
ors, 
und 
on

tion 
en 
nts

Resour
Disturba

Agreem
“quie

window

gure 4 the
adjusted S
 The hope
om the SA

Medium 

f the MOC 
 (PORs) a
 that will
d, the instr
craft resou

ting reque
ed. In gen

v 0 

l Use 

l Use 

SOWG

SWT 

SOOPs

G FLOW

SOC 

ces / 
ances

ent of 
et” 
ws etc

Figu

e process i
SAP applic
e is that th

AP in terms

 Term Pla

 medium t
and Pointi
l be used 
rument op

urce allocat

ests used d
neral this 

Models based
guidance/in

from

CRUDE MODE‐
BASED 

INSTRUMENT 
MODELS

Assessment of 
pass delta wrt 
SAP assumption

ure 4. SOC L

is shown s
cable to th
hat this tu
s of the iden

anning C

term plann
ing Reque
 for the o

perations m
tion to the 

during thi
means “ge

 on 
put 

m ITs

CR
CON
CHE

SSMM
MO

“F
MOC 

Long Term 

starting fro
he six-mon

uning (to fi
ntification

Cycle 

ning, the SO
ests (PTRs
operations

might chan
 payload ca

s cycle are
eometric” 

RUDE 
STRAINT 
ECKING

M & TM
ODELS

FECS”
skeleton 
file

 Planning C

om the SA
nths that 
it the stati

n of CAP an

OC will pro
s). This c

s. Once th
nge during 
annot be in

e the final
pointings 

Cycle. 

AP. This is
comes fro
ion allocat

nd TAP. 

ovide both
cycle deter
he medium
 the short 
ncreased. 

l ones, if 
 only (i.e.

R
U
LE
S

&
C
O
N
ST
R
A
IN
T
S

SC
D
A
TA
B
A
SE

s in fact th
om the mi
tion) is mo

h Payload O
rmines th
m term pl
term plann

they can b
 not featu

C
O
N
ST
R
A
IN
T
S

Checked SOOPs

“Quiet” 
windows

Precursor and 
TAC 

Resource 
allocations

Long‐term pla

he station-
ssion-level
ore-or-less

Operations
he level of

lanning is
ning cycle,

be already
ure-based).

 

SOC 

MOC

an

-
l 
s 

s 
f 
s 
, 

y 
. 



 
Page 43/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Otherwise
any case, t
 
The MTP 
covered b
station-sc
It will be s
 
 

Trading o
resources

necessary (z
sum)

MEDIUM TER

 
 

 
TBC The M
downlink.

4.2.6 S

 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

e checks a
the pointin

 inputs wil
by a single
cheduling p
send by the

Refineme
coordinati

neccesa

of 
s as 
zero‐

RM PLANNING F

MTP deliv
. 

Short Ter

v 0 

l Use 

l Use 

re made a
ng can be r

ll cover an
e file (for 
period, but
e SOC to th

SOWG

nt of 
on as 
ary

FLOW

Figure

very SOC->

rm Plann

against an 
refined dur

 entire orb
each type 

t we expect
he MOC 4 

ITs

Initial MTP
INSTRUMENT 
PLANNING

Final MTP
INSTRUMENT 
PLANNING

e 5. SOC Me

>MOC can 

ning Cyc

 enumerati
ring the sh

bit (n.b. thi
 of input)
t the granu
 weeks ahe

SOC
PAYLOAD
PLANNING

SSMM & TM
MODELS

“FECS” MO
skeleton fil

E‐FECS SOC
skeleton wit
precursors a

“quiet” 
windows add
RESOURCE FI

edium Term

 also conta

cle 

ion of the 
orter plann

is does not
. The plan
ularity of m
ad of the s

D
G

M

C 
e

C 
th 
nd 

ded.
LES

Geo
POI
REQ

Long‐term 

m Planning

ain the MT

 type of p
ning cycles

t mean tha
nning perio
most indivi
start of the 

ometric
NTING
QUESTS

plan

g Cycle. 

TP planned

pointing fo
s. 

at this time
od at MTP
idual files t
 planning p

R
U
LE
S

&
CO

N
ST
RA

IN
TS

POR, PTR
CHECK

SC
D
A
TA
B
A
SE

d command

oreseen. In

e-period is
P covers a
to be less).
period. 

S

M

MID TERM
PLAN

PORs
PTRs

MPS

ding of the

 

n 

s 
a 
. 

SOC 

OC

e 



 
Page 44/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

The final 
parameter
a Saturda
medium t
During a 
starting th
permitted
and the at
 
Figure 6 d
 

 
 

 
The STP 
condition
evolution 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

 PORs wil
rs and cov
ay. These 
term plann
given week
he followi

d after this
ttitude pro

depicts this

delivery S
s this sim
 of packet 

v 0 

l Use 

l Use 

ll be sent 
er one wee
requests 

ning cycle.
k, the SOC
ing Saturd
 time as th

ofile of the 

s cycle. 

 Figu

SOC->MOC
mply follow

 store statu

at this tim
ek of opera
cannot ex

. At this ti
C shall sen
day. No res
he MOC w
spacecraft 

ure 6. SOC S

C also con
ws the bas
us and adju

me and wi
ations (mor
xceed the 
ime, the po
d the inpu
source-imp

will have to
 in the mea

 
Short Term

ntains the 
seline crea
ust the dow

ill include 
re when an
resource 

ointing req
ut to the M
pacting ch

o generate 
antime wit

m Planning 

command
ated at MT
wnlink usa

 the final 
n RSW is in
enveloped

quests may
MOC on Tu
hanges to 
and verify

th adequat

 Cycle. 

ding of the
TP, but SO
age as need

 command
ncluded), s

d establish
y be refine

uesday for 
the reques

y the comm
e safety ma

e downlink
OC can m
ded. This a

d sequence
starting on
hed at the
ed as well
operations
sts will be

mand loads
argins.  

k. In ideal
monitor the
adjustment

 

e 
n 
e 
. 
s 
e 
s 

l 
e 
t 



 
Page 45/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

is princip
the use of
might not
future. 
 

4.2.7 V

VSTP Po
Solar feat
to the stan
science ha
cycle is de
time that
pointing d
 
It will not
be used on
 
VSTP ins
Additiona
This is in
calibration
science ob
SOC and 
STP IOR 
constraint

 Ad
del

 No
 No

 
 
See Figure
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ally about 
f the downl
t have an im

Very Sho

ointing up
ures are no
ndard diffe
as to be det
esigned sp
t it takes f
determinat

t be exercis
nly on cert

strument
al an extre
ncluded be
ns results
bservation
MOC. It is
 (this ensu
ts on Instr
dition of c
lta) 

o resource-
on-criticalit

e 7 below f

v 0 

l Use 

l Use 

 “steering 
link is esse
mmediate 

ort Term

pdates: 
ot persiste
erential ro
termined a

pecifically t
from the 
tion and th

sed in every
tain dates a

t comman
emely limit
ecause of 
 made in 

ns. The list
s expected
ures prote
ument VST
commandi

impacting 
ty in case t

for a graph

 back to th
entially zer
 effect, but

m Plannin

ent over tim
tation mod
and update
to update d
downlink 

he update o

y Remote S
and not in 

nding upd
ted provisi
the identi
 the repre

t of allowe
 that (emp

ection agai
TP comma
ing only, n

 command
the VSTP I

hical depict

he plan” ra
ro-sum and
t could sub

ng Cycle 

me, and als
dels. There
ed accordin
daily the p
of low lat

of the actua

Science W
 others. 

dates: 
ion for ins
ified need
esentative 
d VSTP se

pty) VSTP 
inst MTL 

anding incl
no deletion

ding 
OR does n

tion of the 

ather than 
d lowering

bsequently 

 

so move w
efore the p
ng to a rap

pointing of
tency data
al pointing

Window, and

strument o
 for certa
 thermal/t
equences w
 slots have
 overloadin
lude: 
n (and de

not get onbo

 planning f

 making ad
 one store’
 cause prob

with proper
pointing for
pid cycle in
f the space
a, its anal
g of the spa

d on those 

operations
in instrum
temporal 

will be agr
e already b
ng for exa

elivered VS

oard (e.g. s

flow. 

d-hoc chan
’s allocated
blems wee

r motion w
r solar-fea

nvolving gro
craft, but t
ysis on gr

acecraft is 3

 where is u

s updates i
ments to r

environme
reed in adv
been identi
ample). Ad

STP IOR i

station fail

nges, since
d downlink
ks into the

with respect
ature based
ound. This
the overall
round, the
3 days.  

used it may

is allowed.
respond to
ent of the
vance with
ified in the
dditionally

is only the

lure) 

 

e 
k 
e 

t 
d 
s 
l 
e 

y 

. 
o 
e 
h 
e 
y 

e 



 
Page 46/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

VERY SHO

Short 
Plan

 

 

4.2.8 H

Previous s
to show h
 
It is impo
planning 
architectu
design (pl
Thus 

 The
ove
det

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Re
neu
crit
ad
be

agree

ORT TERM PLAN

Term 
ning

How the p

sections ha
ow the pla

ortant to 
can there

ure of the 
lanning) pr

e top-level
erview of 
tails of ope

v 0 

l Use 

l Use 

ITs

esource‐
utral non‐
tical VSTP 
dditions, 
elong to 
ed VSTP list

NNING FLOW

VSTP I

Figure 

 plannin

ave describ
anning flow

appreciate
efore be 
 overall co
roceeds by

ls of plann
the forese

erations no

LOW LATENCY
PIPELINE

Filter
‐ allowed

‐matches id

DDS

ORs

LOW LA

PRECU

7. SOC Very

ng phases

bed each p
ws through

e that each
considered

onstruction
y incremen

ing (LTP a
een operat
or constrain

TA

SEL

TA
TRA

(PTR

Y

r according to
d VSTP sequences
dentified slot in STP 

ATENCY TM

URSOR or LL

LLL DATA

W
co

ry Short Ter

s fit toge

lanning ph
 the variou

h phase is
d analogo
n/mission 

ntally refini

and especia
tions. Thes
nt checking

ARGET 

LECTION

ARGET 
ACKING 
R update )

With SOOP 
oordinator

rm Plannin

ether 

hase in som
us phases.  

s a refinem
ous to hou
 is put in 
ing the det

ally missio
se phases 
g such deta

ng Cycle. 

me detail. T
 

ment of p
use constr
 place first
tails. 

on-level) on
are not re

ails. 

PTRs

This sectio

revious ph
ruction, in
t (i.e. the 

nly represe
epresentin

S

M

MPS

VSTP PORs

on is trying

hases. The
n that an
 SAP) and

ent a crude
ng the fine

 

SOC 

OC

g 

e 
n 
d 

e 
e 



 
Page 47/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 The
to t

 If a
the
nec
rem
red
ano
the

 
Figure 8 b
 

Figure 8, O
 
 
Mission-

De
                        
 
18 I.e. no Her
The only aspe
mission-level

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

ere is no p
time-slots1

an earlier 
e resources
cessary. So
move non-
duction). If
other. Som
e current (b

below is sh

Overview o

-level pla
cisions ma
                          

rschel/Bepi-lik
ect of plannin
l planning 

v 0 

l Use 

l Use 

point where
18. 
phase (e.g

s needed f
ome non-c
-critical sc
f this is un

metimes da
but this is e

howing how

of planning

nning 
ade: 
                    

ke planning.  
g that has any

e free-float

g. Mission-
for a partic
critical asp
cience acti
nacceptabl
ata resourc
effectively 

w the plann

g phase timi

y similarity her

ting scienc

-level - the
cular scien
pect of the
ivity, or a
e resource

ces can be 
 a type of d

ning cycles

ings 

re is the provi

ce operation

e SAP) ha
nce goal, th
e foreseen 
 more gra

es can be m
 moved fro
descoping)

s fit togethe

isional positio

ns are algo

as significa
hen compr
 science ca
aduated so
moved from
om the nex
. 

er. 

ning of the ext

orithmicall

antly under
romises wi
an be desc
olution lik
m one inst
xt planning

tra ground sta

ly assigned

restimated
ill often be
coped (e.g.
ke cadence
trument to
g period to

ation passes at

 

d 

d 
e 
. 
e 
o 
o 

 

t 



 
Page 48/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Con

As 

 
 
Long-ter

De

                        
 
19 The feasibi
a powerful w
ESTRACK sc
then plannin
20 At the leve
21 At least as f

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

 
 
 
 
 

 
nstraint ch

 

 

 input into
 
 

rm plann
cisions ma

 

 
 

 
 

                          

ility of this two
way of handling
cheduling. On 
g without the 

el of behaviour
far as coordin

v 0 

l Use 

l Use 

Science go
Crude mo
Crude dat
Firm posi
Pointing 
important
pointing 
points” ne
beginning
where the
the instr
disturban
Firm roll 

hecks: 
Long-term

o Cov
sch

o Cov
Crude che
pre-FECS

 subsequen
Produce r
Tune Act
schedule 

ing 
ade: 

More deta
instrumen
Needs for
Detailed s
agreed 
Firm conf
Firm appr

                    

o level SSMM/
g the uncertain
 the other han
 extra passes s
r ~day-by-day

nation needs an

oals of each
odes of each
ta allocatio
ition of RSW

types ap
t is the id
update ca

eed to be d
g of LTP. T
ey may nee
rument te
nce that occ

strategy de

m modellin
vering cr

heduling 
vering full
eck of pow

S idea of av
nt stages (e
requested s
tivities (pr

ailed mode
nt team coo
r precursor
slots for “s

figuration o
roach for I

/downlink mo
nty of how mu
d, if the SAP r

simply won’t w
y, rather than ~
nd VSTP are c

h orbit 
h instrume

ons per inst
Ws 

pplicable 
dentificatio
apability is
defined, pro
These sync
ed to accom
eams can 
curs here.)
efined for c

ng of SSMM
ritical sc

l science o
wer ignorin
vailable pow
every six m
station pro
rincipally T

es of each 
ordination

rs and turn
special poin

of low-late
IC trigger 

odelling at mis
uch of the idea
routine assum
work. 
~minute-by-m
concerned. 

ent 
trument pe

within ea
on of RSW
s needed. 
obably as p
c-points ar
mmodate a
 plan aro
 
comms blo

M stores an
cience op

ps includin
ng short-te
wer 

months): 
ofile, as inp
TAP) to fi

 instrumen
n 
n-around ca
ntings” (ra

ency data a
 approach d

ssion level rem
al extra pass di
es EID-A leve

minute. 

er orbit 

ach RSW.
W periods 
 This is b
part of the 
re needed 
a PTR upd
ound the 

ockages in 

nd downlin
s only w

ng extra pa
erm behav

put into ES
it the actu

nt over tim

alibration 
asters, PHI

agreed21 
defined 

mains to be see
istribution wil

els of data to su

. (N.b. e
within wh

because “P
 FECS crea
 such that

date, but a
 potential

 standard a

nk 
without e

asses19 
viours, and

STRACK sc
ually grant

me20, includ

identified 
I/EUI flatf

en. On one han
ll actually be g
upport the cri

especially
hich VSTP
PTR sync-
ation at the
t FD know

also so that
l pointing

attitude 

extra pass

d based on

cheduling 
ted station

ding inter-

 
fields, etc.)

nd it provides
granted via 
itical science 

 

y 
P 
-
e 

w 
t 
g 

s 

n 

n 

-

) 

 

 



 
Page 49/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

Con

 
Medium

De

Con

 
Short-te

De

Con

 
                        
 
22 Checked in
ok?” 
23 This final s
24 Unlike the 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

 
 

nstraint ch
 

 

 

 

 

m-term pla
cisions ma

 

nstraint ch
 
 
 

rm plann
cisions ma

 

 

 

nstraint ch
 

                          

n the sense of “

stage of LTP is
 LTP check the

v 0 

l Use 

l Use 

Agreemen
Roll plan 

hecks: 
Power ch
still ignor
Data che
instrumen
Crude “hu
(attitude d
SOC chec
available 
SOC defin

anning 
ade: 

Detailed i
time 

hecks: 
Power che
Data chec
Detailed 
with the a

ning 
ade: 

IORs ref
environm
IORs refi
productio
where an 
mode resp
is starting
IORs inc
command

hecks: 
As for MT

                    

“there will be 

s actually prep
ese are hard c

nt of EMC 
 finalised (b

hecks based
ring short-t
ecks based
nt input 
uman eye 
disturbanc
ck that ne
(if feature-

nition of TM

instrument

ecks now b
cks now ba
checks of 

agreed EM

fined bas
ment) 

ined to ad
on flexibili
 instrumen
ponses, or 
g to exceed
clude emp
ding can oc

TP 

 X periods her

paring an inpu
constraint chec

“quiet win
both comm

d on FECS
term behav

d on bette

check” of F
ces, EMC n
cessary low
-tracking fo
M producti

t comman

based on IO
ased on IOR

compatibi
C quiet win

sed on c

dapt for a
ity defined
nt team mig
 reduce ca

d the plann
pty “VSTP
ccur. 

re with attitude

ut needed for M
cks that can le

ndows” plac
ms rolls an

S and bett
viours 
er defined

FECS even
noise)22 
w-latency 

for example
ion flexibil

nding time-

ORs 
Rs 
ilities with
ndows.24 

current kn

actual dat
d in MTP
ght realise

adence, e.g
ing assum

P window

e disturbance 

MTP. 
ead to rejection

cement, if 
d calibrati

ter defined

d mode p

nts for imp

 data for p
e) 
lity over tim

-lines (IOR

h e.g. fores

nowledge 

ta product
P. Practica
e that they 
. if their ac
ption. 

ws” to ind

 which you wil

n of an IOR. 

any 
on rolls) 

d mode pe

eriods and

pact on sci

pointing p

me23 

Rs) built fo

seen point

(instrume

tion relati
ally speaki
have to dis
ctual TM p

dicate wh

ll have to plan

eriods, but

d detailed

ience goals

planning is

or the first

ting types,

ent state,

ive to TM
ing this is
sable burst
production

here VSTP

n around later,

 

t 

d 

s 

s 

t 

, 

, 

M 
s 
t 

n 

P 

, 



 
Page 50/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

VSTP pla
De

Con

4.2.9 C

Following
for missio
 
For Solar 

 Con
 Fol

 
These pri
instrume
applies to
bullet app
 
The ration

 Con
The
con
obs
pos
can

 Fol
A q
wh
lea
pre
asp
on 

 
 
 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

anning 
cisions ma

 
 

nstraint ch
 

Continge

g the discus
on-plannin

 Orbiter tw
ntinue the 
llowing iso

inciples ca
ent conti
 the instru

plies. 

nale for the
ntinue the
e spacecra
ntingency 
serving p
sitioned ac
nnot be arb
llowing iso
quicker re
hereas tryi
ad to delay
essure to r
pects can a
 the critica

v 0 

l Use 

l Use 

ade: 
Instrumen
Feature-r
with SOO

hecks: 
Only that 
fall within

ency Rec

ssion of th
ng aspects o

wo basic pri
 planned o

olation/rec

an be adap
ingency th

ument-in-c

ese princip
e planned o
aft operat
 on one ins
lan. Furth
ccording to
bitrarily sh
olation/rec
covery to 
ing to re-o

ys in restar
restart scie
also act as

al isolation

 

nt VSTP de
elated tar

OP coordina

 instrumen
n declared 

covery Co

he mission-
of continge

inciples ap
observation
covery, alw

pted for b
he former 
ontingency

ples is desc
observation
tes as a s
strument d
hermore 
o particula
hifted in re
covery, alw
 nominal o
optimise m
rting scien
ence and t
s a distrac

n and recov

elta-IORs c
rget selecti
ator 

nt delta-IO
 VSTP upd

oncept 

-planning c
ency recove

pply: 
n for the be

ways come b

both instru
 bullet app
y. For plat

cribed here
n for the b
shared pla
does not j
the comp
ar orbital 
esponse to

ways come 
operations

mission-pla
ce ops. Fu

the novel p
ction to ind
very phase

created if n
ion/target 

ORs use all
ate window

cycles it is 
ery. 

enefit of th
back to (i.e

ument and
plies at sys
tform-lev

e: 
benefit of t
atform for
ustify aba
aratively 

 configura
o instrumen
 back to (i
s is achiev
anning for
rthermore
planning c
dividuals w

e. 

needed 
 tracking 

owed VST
ws 

 worth to a

he still-oper
e. re-enter)

d platform
stem-level

vel contin

the still-op
r the 10 i

andoning a
infrequen

tions, so o
nt unavail
i.e. re-ente

ved by usin
r the conti
e the super
can be dan
who shoul

performed

P sequenc

address the

rating inst
) the existin

m continge
l and the l

ngency onl

perating ins
instrumen
a pointing
nt RS-win
observing o
ability. 

er) the exis
ng an exis
ngency at

rposition of
ngerous. R
ld be focus

d by SOC

e calls and

e approach

truments 
ng plan. 

encies. For
later bullet
ly the later

struments.
nts, thus a

 profile or
ndows are
operations

sting plan.
sting plan,
t hand can
of the time-
Replanning
ssed solely

 

C 

d 

h 

r 
t 
r 

. 
a 
r 
e 
s 

. 
, 

n 
-
g 
y 



 
Page 51/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9, H
 
After the s
the future
or investig
at higher-
lead to a 
attempt a
level) is fr
 
The detail
instrumen
conceptua
 
One norm
onboard t
not be a
instructio
in a state 
the case. 
have any 
maybe me
 

Sta

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

Hiking ana

successful 
e planned o
gated. But
-level if th
 revision o
at an affect
ree of the ti

ls of the re
nt teams 
al aspect th

mal feature
timeline co
appropriate
ons at any a
 consistent
Some very
 constrain
echanisms 

arting point  

v 0 

l Use 

l Use 

alogy to con

 recovery o
operations
t this now 

he impact j
of the SAP
ted science
ime-pressu

e-entry int
as part o

hat is usefu

e of a cont
ommands d
e or safe 
arbitrary t
t with prev
y simple in
nt here, bu
 as well) pr

Cont
detec
origi
consi
caref

ntingency r

of the origi
s in the ligh
takes plac
justifies it 

P where su
e activity. 
ure of the p

to planned
of normal 
ul to discus

tingency is
directed to
 to subse
time. That 
vious time
nstruments
ut comple
robably do

tingency leadin
cted and arres
nally planned
ists of improv
fully examined

ecovery 

inally plann
ht of the c
e in the co
 – the mos
ubsequent 
This plann
period with

d timeline n
operation

ss, namely 

s that the 
o it. For ins
quently (a
 is, the tim
eline comm
s, with litt
x instrum

o have cons

ng to deviation
sted at the red 

d route and con
vising a route a
d in the nomin

O

ned scienc
contingency
ontext of n
st severe c
orbits are

ning (whet
h interrupt

need refine
ns design 
 timeline 

 affected i
struments 
after recov

meline may 
manding w
tle or on ti

ments with 
straints. 

n from planne
 square. Safe r
ntinue from th
across territor
nal planning cy

Original plann

ce operatio
y can still 

normal sho
contingenc
e reassigne
ther at STP
ted science

ement and
process. H
 re-entry 

nstrument
 with comp
very) rest
 assume th

which, durin
imeline co
 multiple 

ed path. Devia
recovery is to 
here. Unsafe re
ry that was not
ycles.  

ned route  

ons, improv
potentially

ort-term pl
cies could p
ed to allow
P, MTP, LT
e. 

d discussio
However t
 points. 

t will stop
plex timeli
tart the ti
hat the ins
ng a recov
mmanding
configurat

ation is 
return to the 
ecovery 
t already 

Destinatio

vements in
y be made,
lanning, or
potentially

w a second
TP or SAP

on with the
there is a

 executing
ines it may
imeline of
trument is

very, is not
g, may not
tions (and

on  

 

n 
, 
r 
y 
d 
P 

e 
a 

g 
y 
f 
s 
t 
t 
d 



 
Page 52/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

There are
granularit
self-conta
entry poin
and delive
entry to th
in their CR
 
Another c
recovery 
element. I
any chang
effect. If 
translatio
 
 
 
 

SOCD 

-05  Issue 2  Rev

IED – For Officia

IED – For Officia

e various w
ty of the fi

ained opera
nt” to the 
ery to MOC
he MTL. M
RPs and us

conceptual
from cont
In general
ge in the t
 exception
n) of the p

v 0 

l Use 

l Use 

ways this c
iles deliver
ations. In o
 MTL. This
C. These a

More simpl
se an arbit

l point to n
tingency m
l we expec
imeline co

ns exist, t
prepared tim

 

can be han
red for ins
other word
s file gran
pproach ap
le instrum
rary IOR g

note is com
might incl
t that the 

ommanding
they may 
meline wou

ndled, but t
trument co

ds, the begi
nularity is m

pplies only
ments would

granularity

mmanding
lude the d
use of a re
g. There is
delay rec

uld be nece

the baselin
ommandin
inning of a
maintained
y to instrum
d documen

y, like e.g. 1

g related to
decision to
edundant 
s an OIRD
covery, sin
essary. 

ne for Sola
ng (IORs) 
a new IOR 
d through 
ments nee
nt their lac
1 day. 

o redund
o operate 
unit/elem

D requirem
nce a re-p

ar Orbiter 
reflect the
 file marks 
 the SOC p

eding a con
ck of MTL 

dant elem
 using a 
ent does n

ment (REC-
planning (

is that the
e internally
 a safe “re-
processing

ntrolled re-
 constraint

ments. The
redundant

not require
-12) to this
(or maybe

 

e 
y 
-
g 
-
t 

e 
t 
e 
s 
e 



 
Page 53/53 

Solar Orbiter S

Date 2014-09-

ESA UNCLASSIF

ESA UNCLASSIF

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10,
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