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Mission Operations Cost Drivers

Earth Observation 
Pass-based operations –
one or many passes per 
day
Man-power intensive for 
short periods

Science
Specialised operations 
teams (Spacecraft and 
Science ops)
Long operations tail ->>

Telecommunications
High reliability operations
Fleet operations
Strong commercial 
pressure to reduce all 
costs

300/400%72/9624XMM

150%24+16Venus 
Express

333%16848Ulysses

50%1224SMART-1

250%6024SWIFT

500%12024SOHO

--140Rosetta

100%22.622.6Mars 
Express

200/300%36/7224Integral

80%4860Cluster II

--57+48Cassini-
Huygens

IncreaseExtension 
(Months)

Nominal 
Life 
(Months)

Mission
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Low Cost?

Our objective is to minimise costs across the Lifecycle 
for all the Mission Operations (MO) components 
Low cost to:

Procure –Low-Cost Platforms and Software Components
Tailor for your system – Choose the components you want
Operate – Integrated Automation of Ground and Space 
Segment
Maintain and Extend – Open interface so you can add your 
components

Standards-based approach to Spacecraft Monitoring 
& Control
Avoids proprietary solutions
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CCSDS Spacecraft Monitoring and Control

CCSDS SM&C Working Group
Covers all services that are needed to monitor and control a remote 
system including:

Classical TM monitoring
TC generation (manual, pre-planned, automatic, time-tagged, …)
Remote software management
Time management
Mission product data management
Mission planning and automation
Orbit and Attitude determination
Position determination
Standard interaction with the operator
… more to come

Does not prescribe the system architecture and functionality
Service provider/consumer could be located differently depending on the 
specific deployment
No predefinition of application implementation only of its interface 

Must allow expansion to future needs



6

Domain Processors:
Satellite, Ground Station or Facility

Core M&C Services - Service Bus Concept

Status
Monitoring

Command
Handler

Logging &
Interaction

Status
Displays

Command
Displays

Service
Monitoring

Procedure
Execution

Flight
Dynamics Analysis

Operations
Archive

Parameters
Commands
Events
Interactions

Operator

Remote Access

On-call Engineer Alarm Device

Flight
Dynamicist

Analyst

Replay/Retrieve
Only

Observe
Control

Replay/Retrieve

SMS
e-Mail

Alarm, Event
& Interaction

Displays

Schedule
Execution

OB Queue
Model

Time-Tagged
Commands

AOCS Data

Interactions

Uplink
Control

Sensor Data
Processing
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SM&C Service Layering

SM&C: Mission Operations Services

Consumer
Application

Provider
Application

Technology
Adaptors

SAP: Service Access PointPlug-in
Applications

SM&C 
MO Service
Framework

MO Domain
Specific
Applications

Technology
Specific
Infrastructure

Infrastructure Services
Message Exchange; File Transfer; Mail

Communications Services

SM&C: Protocol
Message Exchange; File Transfer; Mail

SM&C: Common Services 

Interoperable Protocol (PDUs)
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Operator
Displays

Flight
Dynamics

Analysis &
Reporting Automation Mission

Planning

Parameter
Command
Notification

Satellite
(or other 
domain)

Handler

Station Interface
Handler

TM/TC Protocol
Handler

Archiving,
Replay &
Retrieval 
Manager

History
Archive

Archive Data

Config
Data

Service Config

Protocol Config

Proprietary TM/TC
CCSDS Pkt TM/TC
SNMP

Proprietary protocol
CCSDS SLE

CI Distribution
from Ops Prep

Notification
Server

Archive Data

SMS Messaging
Alarms

Operator Interactions

Service Based SCS Architecture (Core M&C)
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Integrated Automation

PlaneX Scope

PREDICTED EVENTS/CONTACTS, PLANNING REQ/RSP

PLAN

OB ActivityGB Activity

Off-line Mission Planning

SchedeX Scope
SCHEDULE

Task On-line Schedule Execution
OB ActivityGB Activity

APEX Scope

APP. OBJECTS

Underlying Monitoring & Control System

PROCEDURE

Thread

Step
Procedures implemented by APEX

Application Objects implemented by ICOL
Actions

Set Parameter
Send Command
Raise Event
Control Procedure
Control Schedule

Data

Parameter Value
Command Status
Procedure Status
Schedule Status
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Mission Planning - PlanEX

Preparation of a set of self-contained planning tasks e.g.:
Update of current Mission Plan status by reference to Schedule 
Execution Feedback from the Operations Automation component.
Roll forward Mission Plan to current time.
Load new Orbital Events from Flight Dynamics.
Process new Planning Requests received, placing new operational 
tasks in accordance with defined Trigger Rules.
Check Temporal and Exclusion constraints and resolve conflicts 
where flexibility in time constraints permit.
Propagate Resource Vector and check resource constraints, 
resolving conflicts where flexibility in time constraints permit.
Resolve any residual conflicts interactively with the Mission 
Planner.
Generate schedule update and release to Schedule Execution.

Multi-mission/multi-domain
Java-based for portability
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PlanEX: Component Architecture

Task Planning
Application
Task Planning
Application

Task 1  10:40

Task 2  11:10

Task 3  12:45

Task 4  13:50

Task 5  15:30

Operations
PlannerMid-Term Plan

Security
Operator FD

Manoeuvres

Planning Requests

Handle
Planning Requests

Handle
Planning Requests

Schedule ContactsSchedule Contacts

Plan TasksPlan Tasks

Update StatusUpdate Status

Task 1  10:40

Task 2  11:10

Task 3  12:45

Task 4  13:50

Task 5  15:30

Station
Availability

Satellite
Visibilities

Special
Contact

Req.

Task 1  10:40

Task 2  11:10

Task 3  12:45

Task 4  13:50

Task 5  15:30

Short-Term Plan
(to SchedEX)

Constellation
Plan

Task 1  10:40

Task 2  11:10

Task 3  12:45

Task 4  13:50

Task 5  15:30

SchedEX
Status Report

Task 1  10:40

Task 2  11:10

Task 3  12:45

Task 4  13:50

Task 5  15:30

Mid-Term Plan
Status Report

Mid-Term
Planning Request

Planning Request Definitions

Contact Scheduling Rules

Task Planning Rules
Task & Activity Definitions

Orbital
Events

Planning Requests
Contact
Schedule

Operations
Planner

Task 1  10:40

Task 2  11:10

Task 3  12:45

Task 4  13:50

Task 5  15:30

Contact Plan
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PlanEX: Task Planning Display
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Schedule Execution - SchedEX

Executes the items in the Schedule generated from 
the Mission Planning tool
Tasks can be Commands/Directives or Procedures
Schedule Execution Server

Provides a distributable engine to execute the currently 
loaded schedule
Provides feedback to the execution client and mission 
planning

Schedule Execution Client
Real-Time update of the execution of the schedule
Status of executed tasks indicated by colour
Provides the same look-and-feel and the PLANEX Mission 
Planning MMI

Java-based for portability
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S ch ed u le  S ta te

SchedEX: Component Architecture

Schedule
Execution
Displays

Schedule
Execution
DisplaysMission 

Planning Tool
Mission 

Planning Tool

SchedEX
Schedule
Execution

SchedEX
Schedule
Execution

Schedule
Display

Schedule
Display

S ch ed u le
Schedule
Execution

Engine

Schedule
Execution

Engine

Overview
Log

L ive S ch ed u le  E ven ts

R ep la y

S ch ed u le  I n itia tion  / C on trol

External
Schedule
Definition

Procedure 
Execution System

Procedure 
Execution System

Procedure Invocation
Events

SchedEX
External Control

SchedEX
External Control

Schedule Initiation & Control
Schedule Status

Schedule
File
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SchedEX: Run Time Execution
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APEX: Automated Procedure Execution

APEX: advanced, proven solution
3rd Generation System
Robust, Scaleable, Distributable
High Performance
Integrates into customer’s systems

Operational Procedure Model:
Not just a Scripting Tool
Open Service Interfaces
Event Model supports Displays
and History
Graphical Visualisation
Editor and Displays

Java for Portability
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APEX
Procedure
Displays

APEX
Procedure
Displays

APEX
Graphical
Procedure
Definition

Environment

APEX
Graphical
Procedure
Definition

Environment

APEX
Procedure
Execution

APEX
Procedure
Execution

APEX: Component Architecture

Procedure
Overview
Display

Procedure
Overview
Display

Single
Procedure

Display

Single
Procedure

Display

P roced u re D efin ition

P roced u re C a ta logu e
Procedure
Execution
Manager

Procedure
Execution
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Procedure
Execution
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Execution
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External
Procedure
Definition

TM/TC Definitions MCS/EGSE
Mission Control or
Check-out System

MCS/EGSE
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Check-out System

Parameters
Commands

Events

APEX Procedure
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APEX Procedure
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Procedure Initiation & Control
Procedure Status

Procedure
Catalogue
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APEX: Graphical Procedure Editor
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APEX: Run-Time Display
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Eumetsat MSG – Automation in Practice
Central Facility- one of the most 
complex systems in European Space 
Operations

Multiple Satellite Monitoring and 
Control
MSG PDS Ground Segment Monitoring 
and Control
Execution of Automatic Operational 
Procedures
Execution of Schedules of Procedures 
and commands
Data Distribution throughout the CF
Offline Planning of Schedules and 
direct Procedures
Offline Configuration Management of 
Data and Software
Offline Flight Dynamics

Network Management of MSG Ground 
Segment

CF equipment
PDS equipment in multiple environments 
and sites

CCSDS SM&C 
Concepts now being 

applied to the 
Meteosat Third 

Generation Ground 
Segment Architecture 

Definition

CCSDS SM&C 
Concepts now being 

applied to the 
Meteosat Third 

Generation Ground 
Segment Architecture 

Definition
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Operator
Displays

Flight
Dynamics

Analysis &
ReportingAutomation

Mission
Planning

M&C Service

Satellite
Domain
Handler

History
Archive

Notification
Server

Archive Data

SMS Messaging
Alarms

Operator Interactions

Satellite
Domain
Handler

Space Link Protocol

Billing

Network
Domain
Handler

Service
Domain
Handler

Config Data:
Managed

Object
Hierarchy

SNMP

S/C 
TM/TC

DVB Hubs
Routers

Network
Hardware

Config

Trouble
Ticketing
System

Integrated SOC/POC/NOC Concept
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Operator
Displays

Analysis &
ReportingAutomation

M&C Service

Satellite
Domain
Handler

History
Archive

Notification
Server

Archive Data

Alarms
Operator Interactions

Satellite
Domain
Handler

Space Link Protocol

SCOE
Domain
Handler

EGSE Protocol

S/C 
TM/TC

Subsystem 
SCOEs

Application to EGSE Systems

Simulator
Domain
Handler

EGSE Protocol

Real-Time 
Simulator

Config Data:
Managed

Object
Hierarchy

Simulator
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Summary 

CCSDS SM&C Standards provide an open basis for 
future spacecraft ground segments

Currently Green Book for SM&C services under review
There is now strong interest from BNSC, CNES, ESA, & 
NASA

Coherent integration of Mission Operations 
Components e.g. Automation
Supports coherent archiving of ALL mission 
operations data (not just TM/TC)
Applicable to all mission classes
Can be applied to EGSE and M&C of the entire 
ground segment (e.g. payload and service segments)
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Questions?

alastair.pidgeon@scisys.co.uk


