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Thisisthe detailed design document, for the Remer Attitude Control System (ACS) Algorithm
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detailed design of asimulation application. It isintended primarily for the control systems and
software engineers involved with the ACS detailed design phase. This document does not necessarily
replace the software detailed design for the ACS system, as it works on a system/simulation level. It
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1.3.

AAD
ACS
ADD
CAN
CDH
CHU
DHS
COG
COoP
DDD
DPU
ECEF
ECI
FDI
HK

|/ F

| GRF
JD
LECP
LVLH
MAG

MIQ
MTA
N A
OBC
PCDU
P/L
PUS

S/C
SCB
STR

RAAN
RSR

SAS

Abbreviations and Acronyms

Attitude Anomaly Detection
Attitude Control Subsystem
Architectural Design Docunent
Controller Area Network serial bus
Command and Data Handling unit
Canera Head Unit

Dat a Handl i ng Sof t war e

Center of Gavity

Center of Pressure

Det ai | ed Desi gn Docunent

Dat a Processing Unit

Earth Centered Earth Fi xed

Earth Centered Inerti al

Fail ure Detection and |solation
Housekeepi ng

| nt er Face

I nternati onal Geomagnetic Reference Field
Julian Date

Launch and Early Operations Phase
Local Vertical Local Horizontal
Magnet onet er

Monments of Inertia

Measuring Oscillations in Nearby Stars
Magnet or quer

Magnet or quer Assenbly (the three nagnetorquers)

Not Applicable

Onboard Conput er

Power Control and Distribution Unit
Payl oad

Packet Utilization Standard

Root Mean Squar e

Spacecr aft

Spacecraft Body frane

Star Tracker

Rate Gyro Assenbly

Ri ght Ascension of the Ascendi ng Node
Remer Standard Reference

Reacti on Weel Assenbly

Sol ar Aspect Sensor



SSA Sun Sensor Assenbly (all 6 SSA)
S/I'W Software

TBC To Be Confirned

TBD To Be Determ ned

TLE Two-Line Elenents

™ Telenetry

TC  Tel ecommand
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2.1. acs documentation
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2.21. Command Normalization
2.22. Enable Magnetic Torquer Assembly
2.23. Fault Anomaly Detection
2.24. Magnetic Moment Conversion
2.25. Momentum Management

2.26. Control Algorithms

2.27. Qmultl

2.28. SetState ActuatorManagement
2.29. SetState Control

2.30. SetState FaultDetection

2.31. SetState Guidance

2.32. SetState Navigation

2.33. SetState SensorManagement
2.34. AttitudeDeterminator Sel ect




2.35. AutonomyOnOff

2.36.
2.37.
2.38.
2.39.
2.40.
2.41.
2.42.
2.43.
2.44.
2.45.

Enable
M odeSel ect

PayL oadStarM essage

SetAttitudeSetPoint

SetOrbital Elements

SystemStateV ector

MTA Actuator Report

RWA Actuator Report

MTA Command Current Normalization

RWA Command Torgue Normalization

2.46. Actuator Command Range Check
2.47. Actuator Outlier Check

2.48. Actuator Range Check

2.49. Actuator Status Check

2.50.
2.51.
2.52.
2.53.
2.54.

Control Torque Distribution

Momentum Control

RWA Valid Logic

Coarse/Fine Pointing

Control Mode Action

2.55. Magnetic

2.56.

Safe

2.57. Standby

2.58.
2.99.
2.60.
2.61.
2.62.
2.63.
2.64.
2.65.
2.66.
2.67.
2.68.
2.69.
2.70.
2.71.
2.72.
2.73.
2.74.
2.75.

If Action Subsystem 1

If Action Subsystem 2

If Action Subsystem 1

If Action Subsystem 2

MTA Range Check

RWA Range Check

Distribution (RWO Not Valid)

Distribution (RW1 Not Valid)

Distribution (RW?2 Not Valid)

Distribution (RW3 Not Valid)

Nominal Distribution (RWA Valid)

RWO Not Valid

RW1 Not Valid

RW2 Not Valid

RW3 Not Valid

RWA Valid

Coarse Control Mode Enable

Coarse Pointing




2.76. Fine Pointing

2.77. Action -> Enable

2.78. MTACurrent Range Check
2.79. MTAVoltage Range Check
2.80. RWA M easSpeed Range Check
2.81. RWAMeasT orque Range Check
2.82. 3x3 cross product

2.83. Determine Controller Gain Matrices
2.84. Memory

2.85. Saturation

2.86. Vector Part

2.87. Action -> Enable 1

2.88. Action -> Enable 2

2.89. LU Inverse

2.90. LU Solver

2.1. acs_documentation

Table 2-1. acs documentation System Information

Name acs_documentation
Depth 0

Type block diagram
Blocks Romer ACS

Table 2-2. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy th

2.1.1. Description
The aim of this model isto facilitate automatic generation of documation within Simulink.

Figure 2-1. acs documentation



OHSPUSLBus

STRABus

DODBu=s

OHSPUSLBus [

O0OBus [

Esmer ACS

2.1.1.1. Signals

Table 2-3. acs documentation Signal Information

InputSgnalNames  |N/A

OutputSgnalNames |N/A
Prev Home Next
References Reamer ACS
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2.2. Ramer ACS

Table 2-4. Remer ACS System I nformation

Name Reomer ACS

Depth 1

Type block

Blocks DHSPUSLBus
STRABuUSs
DDBus
Around

Bus Selector
Bus Selectorl
Bus Selector2
Bus Selector3
Bus Creator

ProcesLayer
RulelLayer
Systemlnterfacel_ayer

Work
DHSPUSLBus
DDBus

Table 2-5. acs documentation I nfor mation

LastModifiedDate  |Mon Aug 19 16:18:52 2002

LastModifiedBy th

2.2.1. Description

Ramer ACS

Description from system mask help.



http://%<roemerbhelp_fusk('relativepath')>/

2.2.1.1. Signals

Table 2-6. Rgmer ACS Signal Information

InputS gnal Names

OutputSgnalNames

Prev Home Next
Model - acs_documentation Bus Creator

=



ACS Simulator:
Prev Chapter 2. Model - acs_documentation
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2.3. Bus Creator

Table 2-7. Bus Creator System Information

Name Bus Creator

Depth 2

Type block

Blocks SILBus
RLBus
PLBus
Bus Creator2
ACSBus

Table 2-8. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.3.1. Description

Figure 2-2. Bus Creator

SILBus

ACSBus

2.3.1.1. Signals

Table 2-9. Bus Creator Signal Information



InputS gnal Names

OutputSgnal Names

Table 2-10. Input Signal Information

Name <5.001>
ParentBlock acs_documentation/Regmer ACS/Bus Creator/SILBus
Description

Table 2-11. Input Signal Information

Name <6.001>
ParentBlock acs_documentation/Rgmer ACS/Bus Creator/RLBus
Description

Table 2-12. Input Signal Information

Name <7.001>
ParentBlock acs_documentation/Remer ACS/Bus Creator/PLBus
Description

Table 2-13. Output Signal Information

Name ACSBus

ParentBlock acs_documentation/Rgmer ACS/Bus Creator/Bus Creator2

Description
Prev Home Next
Ramer ACS Up ProcesL ayer



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.4. ProcesLayer

Table 2-14. ProcesL ayer System Information

Name ProcesLayer

Depth 2

Type block

Blocks SILBus

RLBus

DDBus

STRABuUs

ActuatorM anagement

Around

Bus Creator
Bus Creatorl
Bus Creator?2
Bus Creator3
Bus Creator4
Bus Creatorb
Bus Creator6
Bus Selector
Bus Selectorl
Bus Selector2
Bus Selector3
Bus Selector4
Control

FaultDetection
Navigation
SensorM anagement
Subsystem

Work
PLBus

Table 2-15. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002



|LastModifiedBy it

2.4.1. Description

2.4.1.1. Signals

Table 2-16. ProcesL ayer Signal I nformation

InputSgnalNames  |<SILBus>
<RLBus>
OutputSgnalNames
Prev Home Next
RuleLayer

=

Bus Creator
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2.5. RuleLayer

Table 2-17. RuleLayer System Information

Name

RuleLayer

Depth

2

Type

block

Blocks

ACS/Bus
Bus Creatorl
Bus Creator?2
Bus Creator3
Bus Creator4
Bus Creatoré
Bus Selectorl
Commander
Constant2
Constant3
Constant7
Constant8
Ground
Groundl
Ground2
Ground3
Ground4
Ground5
Ground6
Ground7
Guidance
Terminator
Terminatorl
Terminator2
Terminator3
Terminator4
Terminatorb
Bus

Table 2-18. acs_documentation Information



LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.5.1. Description

2.5.1.1. Signals

Table 2-19. RuleLayer Signal Information

InputSgnalNames  |<SILBus>

OutputSgnal Names

Prev Home Next
ProcesLayer Up Systeminterfacel ayer
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2.6. SysteminterfacelLayer

Table 2-20. SystemlInterfacelL ayer System Information

Name Systeminterfacelayer
Depth 2
Type block
Blocks DHSPUSLBus
RLBus
PLBus
Bus Creator3

Command Interface
DataInterface
Subsystem
Terminator
Terminatorl
Terminator2
SILBus

Table 2-21. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.6.1. Description

Systenl nterfacelLayer: This |ayer provide the interface to the
ground station, and other onboard intelligence (applications). On
Reomer the System nterfacelLayer supports ground based pl anni ng and
execution by providing the necessary interface for such activities.

Description from system mask help.

2.6.1.1. Signals


http://%<roemerbhelp_fusk('relativepath')>/

Table 2-22. SystemlnterfaceLayer Signal Information

InputSgnal Names
<RLBus>

<PLBus>

OutputSgnalNames

2.6.2. Validation

%<TestReports(RPTGEN L OOP).name>

%<TestReports(RPTGEN L OOP).name>

Prev Home Next
RulelLayer ActuatorM anagement

=


http://%<testreports(rptgen_loop).path>/
http://%<testreports(rptgen_loop).path>/
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2.7. ActuatorManagement

Table 2-23. Actuator M anagement System Infor mation

Name

ActuatorM anagement

Depth

3

Type

block

Blocks

GetParameter (A 10)
SetParameter (A10)
SetState (A11)

SetTorque (A12)
MTAReport (A13)
RWAReport (A13)
EnableMTA (A14)
DisableMTA (A14)
Actuator Management Report
Actuator Report

Actuator Requests

Bus Creator

Bus Selector

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4

Bus Selector5

Bus Selector6

Bus Selector7

Bus Selector8

Bus Selector9

Command Normalization
Constant1

Enable Magnetic Torquer Assembly
Fault Anomaly Detection
Ground

Magnetic Moment Conversion
Momentum M anagement
Terminator
ActuatorReport (A34)
ActuatorManReport (A44)




ParameterReport (C01)
MTARequest (E04)
RWARequest (E06)

Table 2-24. acs_documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.7.1. Description

Navigation module

Handl es i nterface functions to the actuators.

Description from system mask help.

2.7.1.1. Signals

Table 2-25. Actuator M anagement Signal Information

InputS gnal Names

<GetParameter (A10)>
<SetParameter (A10)>
<SetState (A11)>
<SetTorque (A12)>
<MTAReport (A13)>
<RWAReport (A13)>
<EnableMTA (A14)>
<DisableMTA (A14)>

OutputSgnalNames



https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/ActuatorManagement.html

2.7.2. Validation

Test001

Prev Home Next
Systeminterfacelayer Control

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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2.8. Control

Table 2-26. Control System Infor mation

Name Control

Depth 3

Type block

Blocks GetParameter (A30)
SetParameter (A30)
SetState (A31)
EstimatedState (A33)
ActuatorReport (A34)
Bus Creatorl

Bus Creator?2

Bus Creatorb

Bus Selectorl

Bus Selector2

Bus Selector3
Constant

Constant11
Constant12
Constant13
Constant2

Control Algorithms
Ground

Terminatorl
Terminator2
SetTorque (A12)
ActuatorReport (A24)
ControlReport (A43)
ParameterReport (C03)

Table 2-27. acs_documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t




2.8.1. Description

Navigation module

Covers the managenent and i npl enentation of various control

algorithnms for the control | oops operated by the ACS.

Description from system mask help.

2.8.1.1. Signals

Table 2-28. Control Signal I nformation

InputSgnalNames  |<GetParameter (A30)>
<SetParameter (A30)>
<SetState (A31)>
<EstimatedState (A33)>
<ActuatorReport (A34)>

OutputSgnalNames

2.8.2. Validation

Test001
Prev Home Next
ActuatorM anagement Up FaultDetection


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Help/Control.html
https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html
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2.9. FaultDetection

Table 2-29. FaultDetection System Information

Name FaultDetection
Depth 3
Type block

Blocks A40/41

A42

A43

Ad4

A45

Bus Creator3
Bus Creatorb
Constant1
Constant2
Constant3
Terminator
Terminatorl
Terminator2
Terminator3
Terminator4
Systeminterface
FaultAlarm

Table 2-30. acs_documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.9.1. Description
Navigation module

2.9.1.1. Signals



Table 2-31. FaultDetection Signal I nformation

InputSgnalNames  |<GetParameter (A40)>
<SetParameter (A40)>
<SetState (A41)>
<NavigationReport (A42)>
<ActuatorManReport (A44)>
OutputSgnalNames
Prev Home Next
Control Up Navigation
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2.10. Navigation

Table 2-32. Navigation System Infor mation

Name Navigation

Depth 3

Type block

Blocks GetParameter (A20)
SetParameter (A20)
SetState (A21)
ReferenceState (A22)
SensorReport (A23)
ActuatorReport (A24)
SetOrbital Elements (A25)
AD

Bus Creator

Bus Creatorl

Bus Selector3

Ground

Ground10

Ground11

Ground12

Ground3

Ground8

Ground9

Qmuitl

Terminatorl
Terminator2
Terminator3
Terminator4
Terminator7
EstimatedState (A33)
NavigationReport (A42)
SetSlewStartAttRate (B11)
ParameterReport (C02)

Table 2-33. acs_documentation Information



LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.10.1. Description

Navigation module

2.10.1.1. Signals

Table 2-34. Navigation Signal I nformation

InputSgnalNames  |<SetParameter (A20)>
<GetParameter (A30)>
<SetState (A21)>
<ReferenceState (A22)>
<SensorReport (A23)>
<ActuatorReport (A24)>
<SetOrbital Elements (A25)>
OutputSgnalNames
Prev Home Next
FaultDetection Up SensorM anagement
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2.11. SensorManagement

Table 2-35. Sensor Management System I nformation

Name SensorM anagement

Depth 3

Type block

Blocks A00/01
A02/03

Bus Creator
Bus Creatorl
Constant
Constant1
Constant10
Constant11
Constant12
Constant13
Constant2
Constant3
Constant4
Constant5
Constant6
Constant7
Constant8
Constant9
Ground
Terminator
Terminatorl
Systeminterface
SensorRequest
SensorM anReport
SensorReport

Table 2-36. acs_documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002



|LastModifiedBy it

2.11.1. Description

SensorM anagement, encapsulates sensor management functionality.

2.11.1.1. Signals

Table 2-37. Sensor M anagement Signal I nfor mation

InputSgnalNames  |<GetParameter (A00)>
<SetParameter (A00)>
OutputSgnal Names
Prev Home Next

Subsystem

=

Navigation



Chapter 2. Model - acs documentation
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2.12. Subsystem

Table 2-38. Subsystem System Information

Name

Subsystem

Depth

3

Type

block

Blocks

PL

Bus Creator
Bus Creatorl
Bus Creator?2
Bus Creator3
Bus Selectorl
Bus Selector2
Bus Selector5
PLBus

Table 2-39. acs_documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.12.1. Description

Figure 2-3. Subsystem



2P arameterRepart (COO0Y-

2ParameterRepart (CO1Y=

=ParameterRepart (CO2Y=

2P arameterRepart (CO2Y=

—:+I_

2ParameterRepart (CO4)=

k% =<Faultalarm (BO1)=

FL 25 etSlenStartatti ate (B11)F

25 TRARItudeRequest (EQ2Y=

hMAGRequestsample (EO3)-

2558ARequestSample (EOS)=

2R GARequestSample (EOT)=

=M TARequest (EQS)=

<RWARequest (EDE=

2.12.1.1. Signals

Table 2-40. Subsystem Signal Information

InputSgnalNames  |PL

OutputSgnal Names

Table 2-41. Input Signal Information

Name <3997.002>
ParentBlock acs_documentation/Remer ACS/ProcesL ayer/Subsystem/PL
Description

Table 2-42. Output Signal Information

Name PLBus
ParentBlock acs_documentation/Remer ACS/ProcesL ayer/Subsystem/Bus Creatorl
Description

Prev Home Next



SensorM anagement Commander

=
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2.13. Commander

Table 2-43. Commander System Information

Name Commander

Depth 3

Type block

Blocks BOO

BO1

B02

Ground5

Ground6

Ground7

SetState ActuatorM anagement
SetState Control
SetState FaultDetection
SetState Guidance
SetState Navigation
SetState SensorM anagement
Terminator
Terminatorl
Terminator2

A0l

All

A2l

A3l

A4l

C10

C20

CO06

B12

Table 2-44. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t




2.13.1. Description

2.13.1.1. Signals

Table 2-45. Commander Signal Information

InputSgnal Names

OutputSgnalNames
ActManState

Prev Home Next
Subsystem Guidance

=



Chapter 2. Model - acs documentation
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2.14. Guidance

Table 2-46. Guidance System I nformation

Name

Guidance

Depth

3

Type

block

Blocks

B10

B12

B13

Ground
Groundl
Terminator
Terminatorl
Terminator2
A22

C05

Table 2-47. acs_documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.14.1. Description

2.14.1.1. Signals

Table 2-48. Guidance Signal Information

InputSgnal Names




OutputSgnalNames

Prev Home Next
Commander Command Interface

=
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2.15. Command Interface

Table 2-49. Command I nter face System Infor mation

Name

Command Interface

Depth

3

Type

block

Blocks

AttitudeDeterminatorSel ect

AutonomyOnOff

Bus Creator4d
Enable

M odeSel ect
PayL oadStarM essage

SetAttitudeSetPoint

SetOrbital Elements

SystemStateV ector

Command Interface

Table 2-50. acs_documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.15.1. Description

Figure 2-4. Command I nterface



Set Orbital Hement= (4257

SetOrbitalElements

Enable (BOZ)

Enable

hiode Select (BOZ)

ModeSelect

Attitude DeterminatorSelect (BO27

AttitudeDeterminatorSelect

Autanamey OnOff (BO2)

AutonomydnOff

Swystem Stateector (BO2)

SystemState'ector

SetAtitude Set Point (B13)

SetattitudeSetPoint

Pay Load Starhies=age (B13)

FayLoadStarblessage

2.15.1.1. Signals

1
Command Inteface

Command Interface

Table 2-51. Command I nterface Signal | nformation

InputSgnal Names

OutputSgnal Names

Table 2-52. Output Signal Information




Name Command Interface
ParentBlock acs_documentation/Ramer ACS/Systeminterfacel ayer/Command
Interface/Bus Creator4
Description
Prev Home Next
Guidance Up DataInterface
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2.16. Data Interface

Table 2-53. Data I nterface System Information

Name Data Interface
Depth 3
Type block

Blocks Bus Creator4
Constant
Constant1
Constant10
Constant11
Constant12
Constant13
Constant2
Constant3
Constant4
Constant5
Constant6
Constant7
Constant8
Constant9
Data Interface

Table 2-54. acs_ documentation Information

LastModifiedDate Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.16.1. Description

Figure 2-5. Data Interface



2.16.1.1. Signals

Table 2-55. Data I nterface Signal Infor mation

GetP arameter (2000

SetParametar (2000

GetParameter (2100

SetParameter (A10)

zetP arameter (4207

SetParameter (A207

zetP arameter (4207

SetParametar (2307

GetParametear (A9

SetParametar (A40)

GetP arameter (BODY

SetParametar (BOO)

GetParameter (B10)

SetParametar (B10)

[Lrata Interface

[rata Interface



InputSgnalNames

OutputSgnalNames

Table 2-56. Output Signal Information

Name Data Interface

ParentBlock acs_documentation/Ramer ACS/Systemlinterfacelayer/Data I nterface/Bus
Creator4

Description

Prev Home Next

Command Interface Subsystem

=
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2.17. Subsystem

Table 2-57. Subsystem System Information

Name Subsystem

Depth 3

Type block

Blocks SIL

Bus Creator
Bus Creatorl
Bus Creator?2
Bus Selector
Bus Selectorl
SILBus

Table 2-58. acs_documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.17.1. Description

Figure 2-6. Subsystem



<izetP arameter CAODY:

<5etParameter (A00Y=

<G etParameter (A107=

<5etParameter (A0

<izetParameter (A200=

- - =5 etP arameter (A200=
SIL
<izetParameter (A0

<5etParameter (A=

<G etP arameter (A0

<5etParameter (A=

<5etCrbitalElements (A28

<P ayLoadStarheszage (213>

<izetP arameter (BO0Y=

=5etP arameter (BOOY=

<Enable (BO2)>

<hodeSelect (BOZY=

=AttitudeDeterminatorSelect (BOZ2)> SIL2RL

<AutonomyOnOff (BO2)=

<SystemState'ector (BO2Y=

<G etParameter (B107=

<5etParameter (B0

<SetAttitude SetPoint (B13)=

2.17.1.1. Signals

Table 2-59. Subsystem Signal Information

InputSgnalNames  |SIL

OutputSgnalNames

Table 2-60. Input Signal Information

Name <4206.0035>

ParentBlock acs_documentation/Rgmer ACS/Systeml nterfacelayer/Subsystem/SIL

Description




Table 2-61. Output Signal Information

Name SILBus
ParentBlock acs_documentation/Rgmer ACS/Systemlnterfacelayer/Subsystem/Bus
Creatorl
Description
Prev Home Next

Data Interface Actuator Management Report

-
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2.18. Actuator Management Report

Table 2-62. Actuator Management Report System Information

Name Actuator Management Report
Depth 4
Type block

Blocks RWATorqueApp

RWAM easSpeed
MTAMagMomentApp
ActManState

ActManDet

Bus Creator2
ActuatorManReport (A44)

Table 2-63. acs_documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.18.1. Description

Generates the ActuatorManReport to the Faul t Detection. The report
contains informati on about the the actuators, the internal synbolic
state of the ActuatorManagenent, and the detection of actuator
failures.

Description from system mask help.

Figure 2-7. Actuator M anagement Report


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/ActuatorManagementReport.html

RUrATarquelpp

Rirahde azSpead

&

MTAMaghoment@pp
Acthd anState

Aothlanbet

2.18.1.1. Signals

Table 2-64. Actuator Management Report Signal Information

ActuatnrManHepnrté{AﬂHj

ctuatorblanReport (A

InputSgnalNames  |[<RWATorqueApp>
<RWAM easSpeed>
<MTAMagMomentApp>
<ActManState>

OutputSgnal Names

2.18.2. Validation

Test001
Prev Home Next
Subsystem Up Actuator Report


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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2.19. Actuator Report

Table 2-65. Actuator Report System Information

Name Actuator Report

Depth 4

Type block

Blocks RWA Report
MTAReport

Bus Creator5

Bus Selector

Bus Selectorl

MTA Actuator Report
RWA Actuator Report

ActuatorReport (A34)

Table 2-66. acs_documentation I nformation

LastModifiedDate IMon Aug 19 16:18:52 2002

|LastModifiedBy it

2.19.1. Description

Generates the ActuatorReport to the Control. The report contains information
about the actuators, needed for the execution of the control algorithns.

Description from system mask help.

Figure 2-8. Actuator Report


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/ActuatorReport.html

RutifhieasTorque  RULATorgque

<RWAMeasTorquer > ™ rauerpp
RurAaReport

CFAM e o5 1 = R AhdeasSpeed  RVIARomentum

easSpees |
1
ActuaterReport (A2
Ruia Actuatar Report ActuatorReport (A2
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2.19.1.1. Signals

Table 2-67. Actuator Report Signal Information

InputS gnal Names

OutputSignalNames |

2.19.2. Validation

Test001

Next
Actuator Requests

Prev Home
Actuator Management Report

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.20. Actuator Requests

Table 2-68. Actuator Requests System Infor mation

Name

Actuator Requests

Depth

4

Type

block

Blocks

RWAEnable
MTACurrentCmdN
RWATorqueCmdN
MTAEnableFinal
Bus Creatorl

Bus Creator8
Constant1
Constant7
MTARequest (E04)
RWARequest (E06)

Table 2-69. acs_documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.20.1. Description

Handl es the request to the actuators.

Description from system mask help.

Figure 2-9. Actuator Requests


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/ActuatorRequests.html
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2.20.1.1. Signals

Table 2-70. Actuator Requests Signal | nformation

InputSgnalNames  |[<RWAEnable>

OutputSgnal Names

2.20.2. Validation

Test001

Prev Home
Actuator Report

=

Next

Command Normalization


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.21. Command Normalization

Table 2-71. Command Nor malization System Information

Name Command Normalization

Depth 4

Type block

Blocks RWACmdTorgue
MTACmdCurrent

MTA Command Current Normalization

RWA Command Torgue Normalization

RWATorqueCmdN
MTACurrentCmdN

Table 2-72. acs_documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.21.1. Description

Handl es the nornmalization of command torque and current to the

actuators.

Description from system mask help.

Figure 2-10. Command Nor malization


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/CommandNormalization.html
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2.21.1.1. Signals

Table 2-73. Command Nor malization Signal I nfor mation

InputSgnal Names

OutputSgnal Names

2.21.2. Validation

Test001

Prev Home Next

Actuator Requests Enable Magnetic Torquer
Assembly

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs_documentation Next

2.22. Enable Magnetic Torquer Assembly

Table 2-74. Enable Magnetic Torquer Assembly System Infor mation

Name Enable Magnetic Torquer Assembly
Depth 4
Type block
Blocks MTAStatus
MTAEnable
EnableMTA
DisableMTA
Bus Selector

Logical Operatorl
Logical Operator2
MTAEnableFinal

Table 2-75. acs_documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.22.1. Description

Handl es t he enabl ei ng/ di sabl ei ng of the nmagnetic torquer assenbly.

Description from system mask help.

Figure 2-11. Enable Magnetic Torquer Assembly


http://%<roemerbhelp_fusk('relativepath')>/
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2.22.1.1. Signals

Table 2-76. Enable Magnetic Torquer Assembly Signal I nformation

InputSgnalNames  |<MTAStatus>
<MTAEnable>

OutputSgnalNames

2.22.2. Validation

Test001

Prev Home Next
Command Normalization Fault Anomaly Detection

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs_documentation

2.23. Fault Anomaly Detection

Table 2-77. Fault Anomaly Detection System Information

IName |Fault Anomaly Detection

Depth 4

Type [block

Blocks MTAReport (A13)
RWAReport (A13)
ActuatorCmdN
SetParameter (A10)
Actuator Command Range Check
Actuator Outlier Check
Actuator Range Check
Actuator Status Check
Bus Creator

Bus Creator8

Bus Selector

Bus Selectorl

Bus Sdlector10

Bus Sdlectorll

Bus Selector12

Bus Selector2

Bus Selector3

Bus Selector4

Bus Selectorb

Bus Selector6

Bus Selector7

Bus Selector8

Bus Selector9

Ground

Groundl

ActManDet




Table 2-78. acs_documentation I nformation

|LastModifiedDate

Mon Aug 19 16:18:52 2002

|LastModifiedBy

|tb

2.23.1. Description

Handl es fault detection on the single actuator

evel by checks of range,

current/torque conmands based on feedback fromthe actuators.

Description from system mask help.

Figure 2-12. Fault Anomaly Detection
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https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/FaultAnomalyDetection.html
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2.23.1.1. Signals

i M TACurrent: »
I

.:i 2RUAMeasTorque= >

2 TACurrentCmdM> ™

=RWATorqueCmdM= ™

2 TACurrentCmdMEngChkEnable = »

L
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Table 2-79. Fault Anomaly Detection Signal I nfor mation

hTACument
MTACurment Cmd N Rng Bmar
Fulifhieas Torque
AT ACUmEnt Enﬁlﬂ'ATurque CmdMRngETor
RuniATarque Crmd M
AT A
hTACurment Cmd NRng Chk Enable
Ry,
Run&Torque Cmd W Chk Enable
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InputSgnalNames
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2.23.2. Validation

Test001

Prev Home Next
Enable Magnetic Torquer Assembly Magnetic Moment Conversion

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs_documentation

2.24. Magnetic Moment Conversion

Table 2-80. Magnetic Moment Conversion System I nformation

] Name |M agnetic Moment Conversion
Depth 4
Type [block
Blocks MTACtrIMagMoment
Enable
Demux1
Demux?2
Demux3

Matrix Gain MagM omConv.Arsr2mtgx
Matrix Gain MagM omConv.Arsr2mtqgy
Matrix Gain MagMomConv.Arsr2mtgz
Matrix Gain MagMomConv.Asch2rsr
Matrix Gain MagMomConv.M TA Scal eFactor
Mux

Terminatorl

Terminator2

Terminator3

Terminator4

Terminator5

Terminator6

MTACmdCurrent

Table 2-81. acs_documentation I nfor mation

LastModifiedDate [Mon Aug 19 16:18:52 2002

|LastModifiedBy th

2.24.1. Description

Handl es the conversion of the MIA control
nmagnetic torquers in the MA

magneti ¢ nonent

Description from system mask help.

Figure 2-13. Magnetic Moment Conversion

into command currents to the


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/MagneticMomentConversion.html
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zain
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2.24.1.1. Signals
Table 2-82. Magnetic Moment Conversion Signal I nformation
InputS gnal Names <MTACtrIMagM oment>
OutputSignalNames |
2.24.2. Validation
Test001
Prev Home Next
Fault Anomaly Detection Up Momentum Management


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs_documentation

2.25. Momentum Management

Table 2-83. Momentum Management System Infor mation

Name Momentum Management

Depth 4

Type [block

Blocks MomCtrlEnable
RWAEnable
RWACitrlTorque
RWANomSpeed

RWAM easSpeed

RWA Status

Control Torque Distribution
Momentum Control

RWA Valid Logic

Sum
RWACmdTorque

Table 2-84. acs_documentation Information

]LastModifiedDate |Mon Aug 19 16:18:52 2002

|LastModifiedBy th

2.25.1. Description

Handl es t he noment um managanment of the reaction wheels in the RWA

Description from system mask help.

Figure 2-14. Momentum Management


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/MomentumManagement.html
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2.25.1.1. Signals

Table 2-85. Momentum Management Signal Infor mation

InputSignalNames <MomCitrlEnable>
<RWAEnable>
<RWACtrITorque>
RWANomSpeed
<RWAM easSpeed>
<RWA Status>

OutputSignalNames |

2.25.2. Validation

Test001
Prev Home Next
Magnetic Moment Conversion Up Contral Algorithms


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs_documentation

2.26. Control Algorithms

Table 2-86. Control Algorithms System Information

|Name

Control Algorithms

Depth

|4

Type

|b| ock

Blocks

CtriMode
IntFineEnable
EstimatedState
RWNominal Speed
RWAMomentum
SunAngles

Enable

Bus Selector

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4
Coarse/Fine Pointing

Control Mode Action
Magnetic

Safe

Standby

Sum
MTACtrIMagMoment
RWACtrITorque

Table 2-87. acs documentation Infor mation

’LastModifiedDate

IMon Aug 19 16:18:52 2002

|LastModifiedBy

]tb




2.26.1. Description

Contai ns the control

Description from system mask help.

Figure 2-15. Control Algorithms
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http://%<roemerbhelp_fusk('relativepath')>/
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2.26.1.1. Signals
Table 2-88. Control Algorithms Signal Information
InputSgnalNames <CtrIMode>
<FinelntEnable>
RWNominal Speed
<RWAMomentum>
SunAngles
<CtrlEnable>
OutputSignal Names
2.26.2. Validation
Test001
Prev Home Next

Momentum Management Qmuitl

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:

Prev Chapter 2. Model - acs_documentation Next
2.27. Qmultl
Table 2-89. Qmultl System Information
Name Qmuitl
Depth 4
Type block
Blocks g2
gl
Fcn3
Fcnd
Fcn5
Fcn6
Mux
Mux3
g3

Table 2-90. acs_documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.27.1. Description

This bl ock conputes the product of two quaternions.

Description from system mask help.

2.27.1.1. Signals

Table 2-91. Qmultl Signal Infor mation


http://%<roemerbhelp_fusk('relativepath')>/

InputSgnalNames  |<AttitudeRef>
EstAttitudeError

OutputSgnalNames |EstAttitude

2.27.2. Validation

Test001

Prev Home Next
Control Algorithms SetState ActuatorM anagement

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.28. SetState ActuatorManagement

Table 2-92. SetState Actuator M anagement System Information

Name

SetState ActuatorM anagement

Depth

4

Type

block

Blocks

Bus Creatorl
Bus Creator10
Bus Creator?2
Bus Creator9
Constant1
Constant10
Constant2
Constant3
Constant4
Constant5
Constant6
Constant7
Constant8
Constant9
State

Table 2-93. acs_documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.28.1. Description

Figure 2-16. SetState Actuator M anagement



2.28.1.1. Signals

boolean(l) e A DEran
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Table 2-94. SetState Actuator Management Signal I nformation

InputSgnal Names

OutputSgnal Names

Table 2-95. Output Signal Information

Name ActMan
ParentBlock acs_documentation/Remer ACS/Rul el ayer/Commander/SetState
ActuatorM anagement/Bus Creator10
Description
Prev Home Next
Qmuitl Up SetState Control



ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.29. SetState Control

Table 2-96. SetState Control System Information

Name

SetState Control

Depth

4

Type

block

Blocks

Bus Creator10
Bus Creator8
Constant1
Constant2
Constant3
State

Table 2-97. acs_documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.29.1. Description

Figure 2-17. SetState Control



boolean(d)

trlEnak

uint S0

State

boolean(d)

Cirivode :ISE’[State ":i CtrlState

IntFineEnak

2.29.1.1. Signals

Table 2-98. SetState Control Signal Information

InputSgnal Names

OutputSgnal Names

Table 2-99. Output Signal Information

Name CtrlState
ParentBlock acs_documentation/Remer ACS/Rulel ayer/Commander/SetState
Control/Bus Creator10
Description
Prev Home Next
SetState ActuatorM anagement Up SetState FaultDetection



ACS Simulator:

Chapter 2. Model - acs documentation

Next

2.30. SetState FaultDetection

Table 2-100. SetState FaultDetection System Information

Name SetState FaultDetection
Depth 4
Type block
Blocks Bus Creator10
Bus Creator9
Constant4
Constant5
State

Table 2-101. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.30.1. Description

Figure 2-18. SetState FaultDetection
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2.30.1.1. Signals

Table 2-102. SetState FaultDetection Signal Information

InputS gnal Names

OutputSgnal Names

Table 2-103. Output Signal I nformation

Name FDState
ParentBlock acs_documentation/Ramer ACS/Rulel ayer/Commander/SetState
FaultDetection/Bus Creator10
Description
Prev Home Next
SetState Control Up SetState Guidance



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.31. SetState Guidance

Table 2-104. SetState Guidance System Infor mation

Name SetState Guidance
Depth 4
Type block
Blocks Bus Creatorl
Bus Creator10
Constant
State

Table 2-105. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.31.1. Description

Figure 2-19. SetState Guidance
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2.31.1.1. Signals

i
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Table 2-106. SetState Guidance Signal Information

|nputS gnalNames

OutputSgnal Names

Table 2-107. Output Signal Information

Name GuiState
ParentBlock acs_documentation/Rgmer ACS/Rulel ayer/Commander/SetState
Guidance/Bus Creatorl
Description
Prev Home Next
SetState FaultDetection Up SetState Navigation



ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.32. SetState Navigation

Table 2-108. SetState Navigation System Infor mation

Name SetState Navigation
Depth 4
Type block
Blocks Bus Creator10
Bus Creator5
Constant7
Constant8
State

Table 2-109. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.32.1. Description

Figure 2-20. SetState Navigation
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2.32.1.1. Signals

Table 2-110. SetState Navigation Signal | nformation

InputS gnal Names

OutputSgnalNames

Table 2-111. Output Signal I nformation

Name NavState
ParentBlock acs_documentation/Rgmer ACS/Rulelayer/Commander/SetState
Navigation/Bus Creator10
Description
Prev Home Next
SetState Guidance Up SetState SensorManagement



ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.33. SetState SensorManagement

Table 2-112. SetState Sensor M anagement System I nformation

Name

SetState SensorM anagement

Depth

4

Type

block

Blocks

Bus Creator10
Bus Creator9
Constant1
Constant2
Constant3
Constant4
Constant5
Constant6
Constant7
Constant8
State

Table 2-113. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.33.1. Description

Figure 2-21. SetState Sensor M anagement
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2.33.1.1. Signals

i
SetState ":i Senhan

Table 2-114. SetState Sensor Management Signal I nformation

InputS gnal Names

OutputSgnalNames

Table 2-115. Output Signal I nformation

Name SenMan
ParentBlock acs_documentation/Rgmer ACS/Rulel ayer/Commander/SetState
SensorManagement/Bus Creator10
Description
Prev Home Next
SetState Navigation Up AttitudeDeterminator Sel ect



ACS Simulator:
Prev Chapter 2. Model - acs_documentation Next

2.34. AttitudeDeterminatorSelect

Table 2-116. AttitudeDeter minator Select System I nformation

Name AttitudeDeterminatorSel ect
Depth 4
Type block
Blocks Bus Creator
Constant
AttitudeDeterminatorSelect (B02)

Table 2-117. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.34.1. Description

Figure 2-22. AttitudeDeter minator Select

uint21 ! 1
0 AtDetSelect .:i AttitudeDeterminatorSelect (BOZ

AttifudeDeterminatorSelect (BOZ)

2.34.1.1. Signals

Table 2-118. AttitudeDeter minator Select Signal Information

InputS gnal Names

OutputSgnal Names

Table 2-119. Output Signal I nformation



Name AttitudeDeterminatorSelect (B02)

ParentBlock acs_documentation/Ramer ACS/Systeminterfacel ayer/Command
Interface/AttitudeDeterminator Sel ect/Bus Creator

Description

Prev Home Next
SetState SensorM anagement AutonomyOnOff

=



ACS Simulator:
Prev Chapter 2. Model - acs_documentation Next

2.35. AutonomyOnOff

Table 2-120. AutonomyOnOff System Information

Name AutonomyOnOff
Depth 4
Type block
Blocks Bus Creator
Constant
AutonomyOnOff (B02)

Table 2-121. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.35.1. Description

Figure 2-23. AutonomyOnOff

booleandd ! 1
) AutonomyStatus .:i AutonomyCnOff (BOZ)

AdtonomyOn Off (BO2))

2.35.1.1. Signals

Table 2-122. AutonomyOnOff Signal Infor mation

InputS gnal Names

OutputSgnal Names

Table 2-123. Output Signal I nformation



Name AutonomyOnOff (B02)
ParentBlock acs_documentation/Ramer ACS/Systeminterfacel ayer/Command
Interface/ AutonomyOnOff/Bus Creator
Description
Prev Home Next
AttitudeDeterminatorSel ect Up Enable



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.36. Enable

Table 2-124. Enable System Infor mation

Name Enable

Depth 4

Type block

Blocks Bus Creator
Constant
Enable (B02)

Table 2-125. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.36.1. Description

Figure 2-24. Enable

booleani ! 1
) Enabled ":i Enable (BOZ)

Enable (BOZ)

2.36.1.1. Signals

Table 2-126. Enable Signal I nformation

InputS gnal Names

OutputSgnal Names

Table 2-127. Output Signal I nformation



Name Enable (B02)
ParentBlock acs_documentation/Ramer ACS/Systeminterfacel ayer/Command
Interface/Enable/Bus Creator
Description
Prev Home Next

AutonomyOnOff ModeSel ect

=



ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.37. ModeSelect

Table 2-128. ModeSelect System Information

Name M odeSel ect

Depth 4

Type block

Blocks Bus Creator5
Constant
Constant1
ModeSelect (B02)

Table 2-129. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.37.1. Description

Figure 2-25. M odeSel ect

uint16(1)

daubleld, 1)

2.37.1.1. Signals

AttitudeSetPoint

ModeSelect I
1
i ModeSelact (BOZ)

ModeSelect (BO2)

Table 2-130. ModeSelect Signal I nfor mation

InputSgnal Names

OutputSgnal Names




Table 2-131. Output Signal I nformation

Name ModeSelect (B02)

ParentBlock acs_documentation/Ragmer ACS/Systeminterfacel ayer/Command
Interface/M odeSel ect/Bus Creator5

Description Sets areference point for UTC time with respect to onboard time. This
allows Navigation to calculate reference vectors. Sets the orbital
elements for the onboard orbit propagation.

Prev Home Next
Enable PayL oadStarM essage

=
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Next

2.38. PayLoadStarMessage

Table 2-132. PayL oadStar M essage System | nformation

Name PayL oadStarM essage
Depth 4
Type block
Blocks Bus Creator5
Constant
Constant1
PayL oadStarM essage (B13)

Table 2-133. acs_ documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.38.1. Description

Figure 2-26. PayL oadStar M essage
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2.38.1.1. Signals

Centervalue
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Table 2-134. PayL oadStar M essage Signal Information

InputSgnal Names

OutputSgnal Names




Table 2-135. Output Signal I nformation

Name PayL oadStarM essage (B13)

ParentBlock acs_documentation/Ragmer ACS/Systeminterfacel ayer/Command
Interface/PayL oadStarM essage/Bus Creator5

Description Sets areference point for UTC time with respect to onboard time. This
allows Navigation to calculate reference vectors. Sets the orbital
elements for the onboard orbit propagation.

Prev Home Next
M odeSel ect SetAttitudeSetPoint

=
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Next

2.39. SetAttitudeSetPoint

Table 2-136. SetAttitudeSetPoint System Infor mation

Name SetAttitudeSetPoint
Depth 4
Type block
Blocks Bus Creator
Constant
Constant1
SetAttitudeSetPoint (B13)

Table 2-137. acs_documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.39.1. Description

Figure 2-27. SetAttitudeSetPoint

daubleld, 1)

dauble=,1)

Rate

2.39.1.1. Signals

SetttitudeSetPoint (B12)

SetattitudeSetPoint I
1
i SetdttitudeSetPoint (B13

Table 2-138. SetAttitudeSetPoint Signal I nformation

InputS gnal Names



OutputSgnalNames

Table 2-139. Output Signal Information

Name SetAttitudeSetPoint (B13)
ParentBlock acs_documentation/Rgmer ACS/Systemlnterfacel ayer/Command
I nterface/SetAttitudeSetPoint/Bus Creator
Description
Prev Home Next

PayL oadStarM essage SetOrbital Elements

-
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2.40. SetOrbitalElements

Table 2-140. SetOrbitalElements System I nfor mation

Name SetOrbital Elements
Depth 4
Type block

Blocks Bus Creatorb
Constant1
Constant10
Constant11
Constant12
Constant2
Constant3
Constant4
Constant5
Constant6
Constant7
Constant8
Constant9
SetOrbital Elements (A25)

Table 2-141. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.40.1. Description

Figure 2-28. SetOrbitalElements
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2.40.1.1. Signals

Table 2-142. SetOrbitalElements Signal I nfor mation

InputS gnal Names

OutputSgnalNames

Table 2-143. Output Signal I nformation

Name SetOrbital Elements (A25)

ParentBlock acs_documentation/Rgmer ACS/Systemlnterfacel ayer/Command
Interface/SetOrbital Elements /Bus Creator5

Description Sets areference point for UTC time with respect to onboard time. This
allows Navigation to calcul ate reference vectors. Sets the orbital
elements for the onboard orbit propagation.




Prev Home Next
SetAttitudeSetPoint SystemStateV ector

=
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2.41. SystemStateVector

Table 2-144. SystemStateVector System Information

Name

SystemStateV ector

Depth

4

Type

block

Blocks

Bus Creator

Constant

Constant1

Constant2

Constant3

Constant4

Constant5

SystemStateV ector (B02)

Table 2-145. acs_ documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.41.1. Description

Figure 2-29. SystemStateV ector
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2.41.1.1. Signals

Table 2-146. SystemStateVector Signal Information

InputS gnal Names

OutputSgnalNames

Table 2-147. Output Signal I nformation

Name SystemStateV ector (B02)
ParentBlock acs_documentation/Rgmer ACS/Systemlnterfacel ayer/Command
Interface/SystemStateV ector/Bus Creator
Description
Prev Home Next
SetOrbital Elements Up MTA Actuator Report
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2.42. MTA Actuator Report

Table2-148. MTA Actuator Report System Information

Name MTA Actuator Report

Depth 5

Type block

Blocks MTACurrent

Bus Selectorl

Constant11

Constant2

Constant4

Constant6

Constant7

Constant8

Groundl

Ground2

Ground4

Ground5

Ground6

Ground?

Matrix Gain ActReport. Amtgx2rsr
Matrix Gain ActReport. Amtqy2rsr
Matrix Gain ActReport. Amtgz2rsr
Matrix Gain ActReport.Arsr2sch
Mux

Mux1

Mux?2

Product1

Product2




Product3
Sum
MTAMagMomentApp

Table 2-149. acs_documentation Infor mation

LastModifiedDate Mon Aug 19 16:18:52 2002

LastModifiedBy th

2.42.1. Description

Handl es the generation of the MIA actuator report.

Description from system mask help.

Figure2-30. MTA Actuator Report


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/MTAActuatorReport.html
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2.42.1.1. Signals

Table2-150. MTA Actuator Report Signal Information

InputSgnal Names

<MTACurrent>
OutputSgnalNames

2.42.2. Validation

Test001


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

Prev Home Next
SystemStateV ector Up RWA Actuator Report
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2.43. RWA Actuator Report

Table 2-151. RWA Actuator Report System Information

Name RWA Actuator Report

Depth 5

Type block

Blocks RWAMeasTorque
RWAM easSpeed

Gain RPM -> rad/s

Matrix Gain ActReport.Arwrz2sch
Matrix Gain ActReport.Arwrz2sch
Matrix Gain ActReport. RWAInertia
RWATorqueApp

RWAMomentum

Table 2-152. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.43.1. Description

Handl es the generation of the RWA actuat or

Description from system mask help.

Figure 2-31. RWA Actuator Report

report.


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/RWAActuatorReport.html
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2.43.1.1. Signals

Table 2-153. RWA Actuator Report Signal Information

InputSgnalNames  |<RWAMeasTorque>
<RWAM easSpeed>

OutputSgnalNames

2.43.2. Validation

Test001
Prev Home Next
MTA Actuator Report Up MTA Command Current

Normalization


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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2.44. MTA Command Current Normalization

Table 2-154. MTA Command Current Normalization System I nfor mation

|Name |MTA Command Current Normalization

Depth 5

Type [block

Blocks MTACmdCurrent
Abs

Bus Creator

Demux

If

If Action Subsystem 1
If Action Subsystem 2
Matrix Gain MTACmdNorm.CmdCurrentM axInv
MinMax

Product

Sum

Terminator
MTACurrentCmdN

Table 2-155. acs documentation Information

LastModifiedDate IMon Aug 19 16:18:52 2002

LastModifiedBy it

2.44.1. Description

Handl es the normalization of command current to the nagnetic torquers in the MIA

Description from system mask help.

Figure2-32. MTA Command Current Nor malization


http://%<roemerbhelp_fusk('relativepath')>/
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2.44.1.1. Signals
Table 2-156. MTA Command Current Normalization Signal I nformation
InputSignalNames |
OutputSignalNames |
2.44.2. Validation
Test001
Prev Home Next
RWA Actuator Report Up RWA Command Torque Normalization


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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2.45. RWA Command Torque Normalization

Table2-157. RWA Command Torque Normalization System I nformation

Name IRWA Command Torgue Normalization

Depth 5

Type Iblock

Blocks RWACmdTorque
Abs

Bus Creator

Demux

If

If Action Subsystem 1
If Action Subsystem 2
Matrix Gain RWACmdNorm.CmdTorqueMaxInv
MinMax

Product

Sum

Terminator
RWATorqueCmdN

Table 2-158. acs_documentation | nfor mation

|LastModifiedDate |M on Aug 19 16:18:52 2002

LastModifiedBy th

2.45.1. Description

Handl es the normalizati on of conmand torque to the reaction wheels in the RM

Description from system mask help.

Figure 2-33. RWA Command Torque Normalization


http://%<roemerbhelp_fusk('relativepath')>/
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2.45.1.1. Signals
Table 2-159. RWA Command Torque Normalization Signal Information
[InputSignalNames |
OutputSignalNames |
2.45.2. Validation
Test001
Prev Home Next
MTA Command Current Normalization Up Actuator Command Range Check
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Next

2.46. Actuator Command Range Check

Table 2-160. Actuator Command Range Check System Infor mation

Name

Actuator Command Range Check

Depth

5

Type

block

Blocks

MTACurrent
RWAMeasTorque
MTACurrentCmdN
RWATorqueCmdN

MTA CurrentCmdNRngChkEnable
RWATorqueCmdNChkEnable
Groundl

Ground?2

Ground3

Ground4

Terminatorl

Terminator2

Terminator3

Terminator4

Terminatorb

Terminator6

MTA CurrentCmdNRngError
RWATorqueCmdNRngError
MTA

RWA

Table 2-161. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.46.1. Description



Thi s bl ock perforns range check on report data from actuators.

Description from system mask help.

Figure 2-34. Actuator Command Range Check
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2.46.1.1. Signals

Table 2-162. Actuator Command Range Check Signal I nformation

InputSgnalNames  |[<MTACurrent>

<RWAMeasTorque>
<MTACurrentCmdN>
<RWATorqueCmdN>
<MTACurrentCmdNRngChkEnable>
<RWATorqueCmdNRngChkEnable>



http://%<roemerbhelp_fusk('relativepath')>/

OutputSgnalNames

2.46.2. Validation

Test001

Prev Home Next

RWA Command Torque Actuator Outlier Check
Normalization

=
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Next

2.47. Actuator Outlier Check

Table 2-163. Actuator Outlier Check System Information

Name

Actuator Outlier Check

Depth

5

Type

block

Blocks

MTAVoltage

MTACurrent
RWAMeasTorque

RWAM easSpeed

MTAV oltageOutl ChkEnable
MTA CurrentOutlChkEnable
RWATorqueOutlChkEnable
RWA SpeedOutl ChkEnable
Ground

Groundl

Ground?2

Ground3

Terminator

Terminatorl

Terminator2

Terminator3

Terminator4

Terminatorb

Terminator6

Terminator7

MTAV oltageOutl Error
MTACurrentOut| Error
RWATorqueOutlError

RWA SpeedOutlError

Table 2-164. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb




2.47.1. Description

This bl ock perforns range check on report data from actuators.

Description from system mask help.

Figure 2-35. Actuator Outlier Check
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2.47.1.1. Signals

Table 2-165. Actuator Outlier Check Signal Information


http://%<roemerbhelp_fusk('relativepath')>/

InputS gnal Names

<MTAVoltage>
<MTACurrent>
<RWAMeasTorque>

<RWAM easSpeed>

<MTAV oltageOutl ChkEnable>
<MTAC CurrentOutlChkEnable>
<RWATorqueOutlChkEnable>
<RWA SpeedOutl ChkEnable>

OutputSgnal Names

2.47.2. Validation

Test001
Prev Home Next
Actuator Command Range Check Up Actuator Range Check


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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Next

2.48. Actuator Range Check

Table 2-166. Actuator Range Check System Information

Name Actuator Range Check

Depth 5

Type block

Blocks MTAVoltage

MTACurrent
RWAMeasTorque

RWAM easSpeed

MTAV oltageRngChkEnable
MTA CurrentRngChkEnable
RWATorqueRngChkEnable
RWA SpeedRngChkEnable
MTA Range Check

RWA Range Check

MTAV oltageRngError

MTA CurrentRngError
RWATorqueRngError

RWA SpeedRngError

Table 2-167. acs_documentation Information

LastModifiedDate Mon Aug 19 16:18:52 2002

LastModifiedBy tb

2.48.1. Description

Handl es range check on report data from actuators.

Description from system mask help.

Figure 2-36. Actuator Range Check


http://%<roemerbhelp_fusk('relativepath')>/
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2.48.1.1. Signals
Table 2-168. Actuator Range Check Signal Information
InputS gnal Names <MTAV oltage>
<MTACurrent>
<RWAMeasT orque>
<RWAM easSpeed>
<MTAV oltageRngChkEnable>
<MTACurrentRngChkEnable>
<RWATorqueRngChkEnable>
<RWA SpeedRngChkEnable>
OutputSgnalNames
2.48.2. Validation
Test001
Prev Home Next
Actuator Outlier Check Up Actuator Status Check


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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Next

2.49. Actuator Status Check

Table 2-169. Actuator Status Check System Information

Name

Actuator Status Check

Depth

5

Type

block

Blocks

MTAStatus

RWA Status

Bus Creator

Bus Creatorl
Demux

Demux1

Logical Operatorl
Logical Operator2
MTAError
RWAError

Table 2-170. acs_ documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.49.1. Description

This bl ock perforns range check on report data from actuators.

Description from system mask help.

Figure 2-37. Actuator Status Check
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2.49.1.1. Signals

Table 2-171. Actuator Status Check Signal Information

InputSgnalNames | <MTAStatus>
<RWA Status>

OutputSgnal Names

2.49.2. Validation

Test001

Prev Home Next
Actuator Range Check Control Torque Distribution

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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2.50. Control Torque Distribution

Table 2-172. Control Torque Distribution System Information

IName Control Torque Distribution

Depth 5

Type block

Blocks RWAVaidEnable
RWACtrITorque

Bus Selector

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4

Distribution (RWO Not Valid)
Distribution (RW1 Not Valid)
Distribution (RW2 Not Valid)
Distribution (RW3 Not Valid)
Nominal Distribution (RWA Valid)

Sum
CtrIDistTorque

Table 2-173. acs_documentation Information

LastModifiedDate IMon Aug 19 16:18:52 2002

|LastModifiedBy it

2.50.1. Description

Handl es the distribution of the control torque anong the operating reaction
wheel s in the RWA

Description from system mask help.

Figure 2-38. Control Torque Distribution


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/ControlTorqueDistribution.html
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2.50.1.1. Signals

Table 2-174. Control Torque Distribution Signal Information

InputS gnal Names

OutputSignalNames |

2.50.2. Validation

Test001
Prev Home Next
Actuator Status Check Up Momentum Control


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html
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2.51. Momentum Control

Table 2-175. Momentum Control System Information

|Name ]M omentum Control

Depth 5

|Type ]bl ock

Blocks RWANomSpeed
RWAM easSpeed
Enable
Bus Creator
Demux1

Gain RPM -> rad/s

Matrix Gain MomCtrl. EACRCRWA
Matrix Gain MomCitrl.GainMatrix
Matrix Gain MomCtrl.RWA Inertial
Matrix Gain MomCtrl.RWA Inertia2
Sum

MomCitrlTorque

Table 2-176. acs documentation I nformation

LastModifiedDate Mon Aug 19 16:18:52 2002

|LastModifiedBy it

2.51.1. Description

Monment um Control of the reaction wheels in the RM

Description from system mask help.

Figure 2-39. Momentum Control
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2.51.1.1. Signals
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https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Help/MomentumControl.html

Table 2-177. Momentum Control Signal Information

InputSignalNames

OutputSignalNames |

2.51.2. Validation

Test001

Prev Home
Control Torgue Distribution

=

Next
RWA Valid Logic
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2.52. RWA Valid Logic

Table2-178. RWA Valid L ogic System | nfor mation

Name RWA Valid Logic
Depth 5
Type block
Blocks RWAEnable
RWA Status
Bus Creator
Bus Selector
Bus Selectorl

If

Logica Operatorl
Logical Operator2
Logical Operator3
Logical Operatord
RWO Not Valid

RW1 Not Valid

RW2 Not Valid

RW3 Not Valid

RWA Valid

RWAValidEnable

Table 2-179. acs documentation I nfor mation

LastModifiedDate

Mon Aug 19 16:18:52 2002



|LastModifiedBy th

2.52.1. Description

Figure 2-40. RWA Valid Logic
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2.52.1.1. Signals

If 1

1
Rurz Mot Walid I

Table 2-180. RWA Valid Logic Signal I nformation

InputS gnal Names

OutputSgnalNames

Table 2-181. Input Signal Infor mation

Name <5335.0016>

ParentBlock acs_documentation/Ramer A CS/ProcesL ayer/A ctuatorM anagement/M omentum Management/RWA Valid Logic/
RWAEnable

Description

Table 2-182. Input Signal Infor mation

Name <5358.0016>

ParentBlock acs_documentation/Rgmer A CS/ProcesL ayer/A ctuatorM anagement/M omentum Management/RWA Valid Logic/
RWA Status

Description

Table 2-183. Output Signal Information

Name

RWAValidEnable

ParentBlock

acs_documentation/Rgmer ACS/ProcesL ayer/A ctuatorM anagement/M omentum Management/RWA Valid Logic/
Bus Creator




Description

Prev Home Next
Momentum Control Coarse/Fine Pointing

S
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2.53. Coarse/Fine Pointing

Table 2-184. Coar se/Fine Pointing System I nformation

IName |Coarse/Fine Pointing

Depth 5

Type [block

Blocks CoarseEnable
UnloadingEnable
FineAction
IntFineEnable
EstimatedState
RWAMomentum
Bus Selector2

Coarse Control Mode Enable

Coarse Pointing
Fine Pointing
CoarseCtrITorque
FineCtrITorque

Table 2-185. acs documentation I nformation

LastModifiedDate [Mon Aug 19 16:18:52 2002

LastModifiedBy th

2.53.1. Description

Covers the Coarse Pointing and Fine Pointing control

Coarse Pointing control algorithm

Description from system mask help.

Figure 2-41. Coar se/Fine Pointing

algorithms and the logic that enabl es the


http://%<roemerbhelp_fusk('relativepath')>/

|

CoarseEnable

|

UnloadingEnable

CoarseEnable

CoarseEnable

Unloading Enable +

Coarse Control Mode Enable zEstattitudeErrars

e E=t Attitude Bmor

EstimatedState

Est RateEmo C CtrTi 1
<EstR ateError= » BT parse e <CmdTorqueCoarse >
CoarzeCtrlTorque

Al omentum

=] R A domentum

Coarse Pointing

Finefuction

v

Fotion

IntFineEnable

e Irit Finie Enable

L] E=t Sttitude Error Fine CtATarque ErdTergsFines
FineCtrlTorque

L — ] E=t Fiate Bmor

Fine Painting

2.53.1.1. Signals
Table 2-186. Coar se/Fine Pointing Signal I nfor mation
InputSignalNames <CoarseAction>

<UnloadingAction>

<FineAction>
OutputSgnalNames
2.53.2. Validation
Test001
Prev Home Next

RWA Valid Logic

Control Mode Action

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

Prev

ACS Simulator:
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Next

2.54. Control Mode Action

Table 2-187. Control Mode Action System I nformation

]Name ]Control Mode Action
Depth 5
Type Iblock
Blocks CtriIMode
Action -> Enable
Bus Creator
Switch Case
CtriIModeEnable

CtrIModeAction

Table 2-188. acs documentation | nformation

’LasIModifiedDate ’Mon Aug 19 16:18:52 2002

LastModifiedBy it

2.54.1. Description

Handl es the enabling of the control nodes as specified by the Crl Mde.

Description from system mask help.

Figure 2-42. Control Mode Action

Em—

Ctriode

CtribdodeEnable

Ctritodepction

casze [0]: Unloadingfction
o] UnloadingAction > 9
Ctrtiode Enable
caze [1]: CoarseAction
(1] Coarsefction >
Action -= Enabl
ul case [2]: - - en nane
FineAction
casze [2]: 2
[2] Safefction Ctritdodesction
case [4]: -
StandbyAction

Switch Caze


http://%<roemerbhelp_fusk('relativepath')>/

2.54.1.1. Signals

Table 2-189. Control Mode Action Signal Information

InputSgnalNames

OutputSgnalNames

2.54.2. Validation

Test001
Prev Home Next
Coarse/Fine Pointing Up Magnetic


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html
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2.55. Magnetic

Table 2-190. M agnetic System Infor mation

Name Magnetic

Depth 5

Type block

Blocks RWANominal Speed
RWAMomentum
Enable

Constant

Terminator
Terminatorl
MTACtrIMagMoment

Table 2-191. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.55.1. Description

| npl enents the Magnetic control
control node..

Description from system mask help.

Figure 2-43. Magnetic

al gorithmused in the Unl oadi ng


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Help/Magnetic.html

Il

Enable
._.. -C-.
. — MTACHIMaghloment
RwANominalSpeed
Constant
E— =
RuidahMomentum

2.55.1.1. Signals

Table 2-192. Magnetic Signal I nformation

MTACtIMaghoment

InputSgnal Names

<UnloadingAction>

OutputSgnal Names

2.55.2. Validation

Test001
Prev Home Next
Control Mode Action Up Safe


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:

Description from system mask help.

Figure 2-44. Safe

Prev Chapter 2. Model - acs_documentation Next
2.56. Safe
Table 2-193. Safe System Information
Name Safe
Depth 5
Type block
Blocks SunV ector
EstRateErr
Action Port
Constant
Terminator
Terminatorl
SafeCtrlTorque
Table 2-194. acs documentation I nformation
LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb
2.56.1. Description
| npl enents the Safe control algorithmused in the Safe control node.


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Help/Safe.html

Action

Action Part
-—p 1 1
— 1] SafeCtrlTorque
Sunectar SafeCtrlTorque
& —
E=stR ateErmr

2.56.1.1. Signals

Table 2-195. Safe Signal Information

InputSgnal Names
<EstRateError>

<SafeAction>

OutputSgnalNames

2.56.2. Validation

Test001

Prev Home Next
Magnetic Standby

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:
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Next

2.57. Standby

Table 2-196. Standby System Infor mation

Name Standby

Depth 5

Type block

Blocks Action Port
Constant
StandbyCtrl Torque

Table 2-197. acs_ documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.57.1. Description

| npl ements the algorithmused in the Standby control

Description from system mask help.

Figure 2-45. Standby


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Help/Standby.html

Action

Action Port

-C- 1
StandbyClrl Tarque

StandbyCtrlTorque

Constant

2.57.1.1. Signals

Table 2-198. Standby Signal Information

InputSgnalNames  |<StandbyAction>

OutputSgnalNames

2.57.2. Validation

Test001
Prev Home Next
Safe Up If Action Subsystem 1


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html
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2.58. If Action Subsystem 1

Table 2-199. If Action Subsystem 1 System Information

Name If Action Subsystem 1
Depth 6
Type block
Blocks In1
Action Port
IC
Out 1

Table 2-200. acs_ documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.58.1. Description

Figure 2-46. If Action Subsystem 1



Action

Action Por

[l
& »

Ic

2.58.1.1. Signals

Table 2-201. If Action Subsystem 1 Signal Information

InputSgnal Names

OutputSgnal Names

Table 2-202. Input Signal I nformation

Name <5428.0016>

ParentBlock acs_documentation/Rgmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/MTA Command Current Normalization/If

Action Subsystem 1/In 1

Description

Table 2-203. Output Signal I nformation

Name <5430.0016>




ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/MTA Command Current Normalization/If
Action Subsystem 1/IC

Description

Prev Home Next
Standby If Action Subsystem 2

-



ACS Simulator:
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Next

2.59. If Action Subsystem 2

Table 2-204. If Action Subsystem 2 System Information

Name If Action Subsystem 2
Depth 6
Type block
Blocks In1
Action Port
IC
Out 1

Table 2-205. acs_ documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.59.1. Description

Figure 2-47. If Action Subsystem 2

Action

Action Port
0]

&

Ic

2.59.1.1. Signals

Table 2-206. If Action Subsystem 2 Signal Information



InputS gnal Names

OutputSgnalNames

Table 2-207. Input Signal I nformation

Name <5432.0016>

ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/MTA Command Current Normalization/If

Action Subsystem 2/In 1

Description

Table 2-208. Output Signal Information

Name <5434.0016>

ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/MTA Command Current Normalization/If

Action Subsystem 2/IC

Description

Prev Home Next
If Action Subsystem 1 If Action Subsystem 1

=
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Next

2.60. If Action Subsystem 1

Table 2-209. If Action Subsystem 1 System Information

Name If Action Subsystem 1
Depth 6
Type block
Blocks In1
Action Port
IC
Out 1

Table 2-210. acs_documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.60.1. Description

Figure 2-48. If Action Subsystem 1



Action

Action Por

[l
& »

Ic

2.60.1.1. Signals

Table 2-211. If Action Subsystem 1 Signal Information

InputSgnal Names

OutputSgnal Names

Table 2-212. Input Signal I nformation

Name <5438.0016>

ParentBlock acs_documentation/Rgmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/RWA Command Torque Normalization/If

Action Subsystem 1/In 1

Description

Table 2-213. Output Signal I nformation

Name <5437.0016>




ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/RWA Command Torgue Normalization/If
Action Subsystem 1/IC

Description

Prev Home Next
If Action Subsystem 2 If Action Subsystem 2

-



ACS Simulator:
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2.61. If Action Subsystem 2

Table 2-214. If Action Subsystem 2 System Information

Name If Action Subsystem 2
Depth 6
Type block
Blocks In1
Action Port
IC
Out 1

Table 2-215. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.61.1. Description

Figure 2-49. If Action Subsystem 2

Action

Action Port
0]

&

Ic

2.61.1.1. Signals

Table 2-216. If Action Subsystem 2 Signal Information



InputS gnal Names

OutputSgnalNames

Table 2-217. Input Signal I nformation

Name <5442.0016>

ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/RWA Command Torgue Normalization/If

Action Subsystem 2/In 1

Description

Table 2-218. Output Signal I nformation

Name <5441.0016>

ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Command Normalization/RWA Command Torgue Normalization/If

Action Subsystem 2/IC

Description

Prev Home Next
If Action Subsystem 1 MTA Range Check

=
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2.62. MTA Range Check

Table 2-219. MTA Range Check System Information

Name

MTA Range Check

Depth

6

Type

block

Blocks

MTAVoltage

MTACurrent
MTAVRngCheckEnable
MTACRNgCheckEnable

MTA Current Range Check

MTAV oltage Range Check

MTAV oltageRngError
MTACurrentRngError

Table 2-220. acs_ documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.62.1. Description

Thi s bl ock perforns range check on report data fromthe MIQ Range

check is performed on reported voltages and currents.

Description from system mask help.

Figure 2-50. MTA Range Check


http://%<roemerbhelp_fusk('relativepath')>/

W |MTAblage

agenngEmer <MT0Mltage Rng Brors

-—p hAT&Rng Check Enable MTAValtageRngErrar

MTAVERgChedEnable

MTAValtage Range Chedk

@ »{mracuren

M TACuUment
WATACument Fng Bro 2
Hrrent Rng Ermar <MATQ Current Rng Bror

-—p hWTAC RngChechk Enable MTACurrentRngErrar

MTACEngChedEnable

MTACurment Range Chedk

2.62.1.1. Signals

Table 2-221. MTA Range Check Signal Information

InputSgnal Names

OutputSgnalNames

2.62.2. Validation

Test001
Prev Home Next
If Action Subsystem 2 Up RWA Range Check


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html
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2.63. RWA Range Check

Table 2-222. RWA Range Check System Information

Name

RWA Range Check

Depth

6

Type

block

Blocks

RWAMeasTorque

RWAM easSpeed
RWATorqueRngChkEnable
RWA SpeedRngChkEnable
RWAM easSpeed Range Check

RWAM easTorgue Range Check

RWATorqueRngError
RWA SpeedRngError

Table 2-223. acs_ documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.63.1. Description

Thi s bl ock perforns range check on report data fromthe RWA. Range

check is performed on reported wheel

Description from system mask help.

Figure 2-51. RWA Range Check

torque and speed.


http://%<roemerbhelp_fusk('relativepath')>/

-—.- RnishieasTorque

EiAheasTorque R T, Fra Emo 1
erquenngEmer <RWMATerque Rng Bror

-—.- RwniATorque Rng Chk Enable RuATaorqueRngErrar

RuraTarqueRngChkEnable

RiAheasTorque Range Ched

(2 Rilifhkeas Speed

HWAMEESSFIEEd B s dRngBmo 2
peadhngEmar <RWMASpeed Rng Bmor:

.—h-— RiraSpead Bng Chk Enable FaSpeedRngErmor

RurAaSpeedRngChkEnable

RiiAheasSpeed Range Chedck

2.63.1.1. Signals

Table 2-224. RWA Range Check Signal Information

InputS gnal Names

OutputSgnal Names

2.63.2. Validation

Test001

Prev Home Next
MTA Range Check Distribution (RWO0 Not Valid)

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html
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2.64. Distribution (RWO Not Valid)

Table 2-225. Distribution (RWO0 Not Valid) System Infor mation

Name Distribution (RWO0 Not Valid)
Depth 6
Type block
Blocks RWACItrITorque
Enable

Matrix Gain CtrlTorqueDist. RWODistMatrix
CtrIDistOTorque

Table 2-226. acs documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.64.1. Description

Figure 2-52. Distribution (RWO Not Valid)

Il

Enable

E 1
CirlDist0Tarque

hd atriz
zain
CirlTorquelist. RO Cristhd atriz

RrACtr Torque

2.64.1.1. Signals

Table 2-227. Distribution (RWO0 Not Valid) Signal Information



InputS gnal Names
<RWONotValid>

OutputSgnal Names

Table 2-228. Input Signal I nformation

Name <5464.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RWO Not Vaid)/RWACtrI Torque

Description

Table 2-229. Output Signal I nformation

Name <5466.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RWO Not Valid)/Matrix Gain Ctrl TorqueDist. RWODistMatrix

Description

Prev Home Next
RWA Range Check Distribution (RW1 Not Valid)

=
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Next

2.65. Distribution (RW1 Not Valid)

Table 2-230. Distribution (RW1 Not Valid) System Infor mation

Name Distribution (RW1 Not Valid)
Depth 6
Type block
Blocks RWACItrITorque
Enable

Matrix Gain CtrlTorqueDist. RW1DistMatrix
CtrIDist1Torque

Table 2-231. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.65.1. Description

Figure 2-53. Distribution (RW1 Not Valid)

Il

Enable

i (D)

] Cirilist1 Tarque
hod atriz

zain
CirlTorquelist. B Cristhd atriz

RrACtr Torque

2.65.1.1. Signals

Table 2-232. Distribution (RW1 Not Valid) Signal I nformation



InputS gnal Names
<RWI1NotValid>

OutputSgnal Names

Table 2-233. Input Signal I nformation

Name <5468.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RW1 Not Vaid)/RWACtrI Torque

Description

Table 2-234. Output Signal I nformation

Name <5470.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RW1 Not Valid)/Matrix Gain CtrlTorqueDist. RW1DistMatrix

Description

Prev Home Next
Distribution (RWO0 Not Valid) Distribution (RW2 Not Valid)

=
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2.66. Distribution (RW2 Not Valid)

Table 2-235. Distribution (RW2 Not Valid) System Infor mation

Name Distribution (RW2 Not Valid)
Depth 6
Type block
Blocks RWACItrITorque
Enable

Matrix Gain CtrlTorqueDist. RW2DistMatrix
CtrIDist2Torque

Table 2-236. acs_ documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.66.1. Description

Figure 2-54. Distribution (RW2 Not Valid)

Il

Enable

E 1
CiriDist2Toarque

hd atriz
zain
CirlTorquelist. B2 Dristhd atriz

RrACtr Torque

2.66.1.1. Signals

Table 2-237. Distribution (RW2 Not Valid) Signal Information



InputS gnal Names
<RW2NotValid>

OutputSgnal Names

Table 2-238. Input Signal I nformation

Name <5472.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RW2 Not Valid)/RWACtrI Torque

Description

Table 2-239. Output Signal I nformation

Name <5474.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RW2 Not Valid)/Matrix Gain CtrlTorqueDist. RW2DistMatrix

Description

Prev Home Next
Distribution (RW1 Not Valid) Distribution (RW3 Not Valid)

=
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2.67. Distribution (RW3 Not Valid)

Table 2-240. Distribution (RW3 Not Valid) System Infor mation

Name Distribution (RW3 Not Valid)
Depth 6
Type block
Blocks RWACItrITorque
Enable

Matrix Gain CtrlTorqueDist. RW3DistMatrix
CtrIDist3Torque

Table 2-241. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.67.1. Description

Figure 2-55. Distribution (RW3 Not Valid)

Il

Enable

E 1
CirlDist2Tarque

hd atriz
zain
CirlTorquelist. W2 Disthd atriz

RrACtr Torque

2.67.1.1. Signals

Table 2-242. Distribution (RW3 Not Valid) Signal I nformation



InputS gnal Names
<RW3NotValid>

OutputSgnal Names

Table 2-243. Input Signal I nformation

Name <5476.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RW3 Not Vaid)/RWACtrI Torque

Description

Table 2-244. Output Signal I nformation

Name <5478.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Distribution
(RW3 Not Valid)/Matrix Gain CtrlTorqueDist. RW3DistMatrix

Description

Prev Home Next

Distribution (RW2 Not Valid) Nominal Distribution (RWA
Valid)

=
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2.68. Nominal Distribution (RWA Valid)

Table 2-245. Nominal Distribution (RWA Valid) System Infor mation

Name Nominal Distribution (RWA Valid)
Depth 6
Type block
Blocks RWACItrITorque
Enable

Matrix Gain CtrlTorqueDist. RWADistMatrix
CtrIDistNTorque

Table 2-246. acs_ documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.68.1. Description

Figure 2-56. Nominal Distribution (RWA Valid)

Il

Enable

E 1
CirlDistNTarque

hd atriz
zain
CirlTorquelist. RurA D isthd atriz

RrACtr Torque

2.68.1.1. Signals

Table 2-247. Nominal Distribution (RWA Valid) Signal I nfor mation



InputS gnal Names
<RWAValid>

OutputSgnal Names

Table 2-248. Input Signal I nformation

Name <5480.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Nominal
Distribution (RWA Valid)/RWACtrI Torque

Description

Table 2-249. Output Signal I nformation

Name <5482.0016>

ParentBlock acs_documentation/Ramer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/Control Torgue Distribution/Nominal
Distribution (RWA Valid)/Matrix Gain CtrlTorqueDist. RWADistMatrix

Description

Prev Home Next
Distribution (RW3 Not Valid) RWO Not Valid

=




ACS Simulator:
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2.69. RWO Not Valid

Table 2-250. RWO0 Not Valid System Infor mation

Name RWO Not Vaid

Depth 6

Type block

Blocks Action Port
Constant
RWONotValid

Table 2-251. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.69.1. Description

Figure 2-57. RWO Not Valid

Action
Aotion Port
boolean 1
(1) R Mot alid
RN atsalid

2.69.1.1. Signals

Table 2-252. RWO0 Not Valid Signal Information

InputSgnalNames |RWONotValidAction



OutputSgnalNames

Table 2-253. Output Signal Information

Name RWONotValid

ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/RWA Valid Logic/RWO Not Valid/Constant

Description

Prev Home Next

Nominal Distribution (RWA
Valid)

RW1 Not Valid

-
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2.70. RW1 Not Valid

Table 2-254. RW1 Not Valid System Infor mation

Name RW1 Not Vaid

Depth 6

Type block

Blocks Action Port
Constant
RWNotValid

Table 2-255. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.70.1. Description

Figure 2-58. RW1 Not Valid

Action
Aotion Port
boolean 1
(1) B Motwalid
RurH ot alid

2.70.1.1. Signals

Table 2-256. RW1 Not Valid Signal Information

InputSgnalNames |RWI1NotValidAction



OutputSgnalNames

Table 2-257. Output Signal I nformation

Name RW1NotValid
ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/RWA Valid Logic/RW1 Not Valid/Constant
Description
Prev Home Next
RWO Not Valid Up RW2 Not Valid



ACS Simulator:
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2.71. RW2 Not Valid

Table 2-258. RW2 Not Valid System Infor mation

Name RW2 Not Vaid

Depth 6

Type block

Blocks Action Port
Constant
RW2NotValid

Table 2-259. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.71.1. Description

Figure 2-59. RW2 Not Valid

Action
Aotion Port
boolean 1
(1) Rtz Motwalid
RniZNaotvalid

2.71.1.1. Signals

Table 2-260. RW2 Not Valid Signal Information

InputSgnalNames |RW2NotValidAction



OutputSgnalNames

Table 2-261. Output Signal I nformation

Name RW2NotValid
ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/RWA Valid Logic/RW2 Not Valid/Constant
Description
Prev Home Next
RW1 Not Valid Up RW3 Not Valid



ACS Simulator:
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2.72. RW3 Not Valid

Table 2-262. RW3 Not Valid System Infor mation

Name RW3 Not Vaid

Depth 6

Type block

Blocks Action Port
Constant
RW3NotValid

Table 2-263. acs documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.72.1. Description

Figure 2-60. RW3 Not Valid

Action
Aotion Port
boolean 1
(1) Rur3Motywalid
RniZNatvalid

2.72.1.1. Signals

Table 2-264. RW3 Not Valid Signal Information

InputSgnalNames |RW3NotValidAction



OutputSgnalNames

Table 2-265. Output Signal I nformation

Name RW3NotValid
ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/RWA Valid Logic/RW3 Not Valid/Constant
Description
Prev Home Next
RW2 Not Valid Up RWA Valid



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.73. RWA Valid

Table 2-266. RWA Valid System Information

Name RWA Vadlid

Depth 6

Type block

Blocks Action Port
Constant
RWAVadid

Table 2-267. acs_ documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.73.1. Description

Figure 2-61. RWA Valid

Action
Action Part
boolean —h-n
() ST -

R alid

2.73.1.1. Signals

Table 2-268. RWA Valid Signal Information

InputSgnalNames |RWAValidAction



OutputSgnalNames

Table 2-269. Output Signal I nformation

Name RWAValid
ParentBlock acs_documentation/Regmer ACS/ProcesL ayer/A ctuatorM anagement/
Momentum Management/RWA Valid Logic/RWA Valid/Constant
Description
Prev Home Next
RW3 Not Valid Up Coarse Control Mode Enable



ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.74. Coarse Control Mode Enable

Table 2-270. Coar se Control Mode Enable System I nfor mation

Name Coarse Control Mode Enable

Depth 6

Type block

Blocks CoarseEnablel
UnloadingEnable
Logical Operator
CoarseEnable

Table 2-271. acs documentation Information

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.74.1. Description

Handl es the enabling of the Coarse Pointing control

Description from system mask help.

Figure 2-62. Coar se Control M ode Enable

@@—»

CoarseEnableq AMND .-

.—F— CoarseEnahble
UnloadingEnable
Logical
Operator

2.74.1.1. Signals
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Table 2-272. Coar se Control Mode Enable Signal Information

InputSgnal Names

OutputSgnal Names

2.74.2. Validation

Test001
Prev Home Next
RWA Valid Up Coarse Pointing


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs documentation

2.75. Coarse Pointing

Table 2-273. Coar se Pointing System I nfor mation

]Name

|Coarse Pointing

Depth

]6

Type

block

Blocks

EstAttitudeError
EstRateError

RWAMomentum

Enable

3x3 cross product

Bus Creator
Bus Selector
Bus Selectorl
Bus Selector2

Determine Controller Gain Matrices

Memory
Productl
Product2
Product3
Saturation
Sum?2
Vector Part

Zero-Order Hold Coarse.SampleTime

CoarseCtrITorque

Table 2-274. acs_documentation Information



LastModifiedDate IMon Aug 19 16:18:52 2002

|LastModifiedBy it

2.75.1. Description

| npl enments the Coarse Pointing control algorithmused in the Coarse and Unl oadi ng control node.

Description from system mask help.

Figure 2-63. Coar se Pointing


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Help/CoarsePointing.html
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2.75.1.1. Signals

Table 2-275. Coar se Pointing Signal Information

w3 oross product

CoarseCtrlTorque

CaarseCtrlTorque




InputSgnalNames

<EstAttitudeError>
<EstRateError>

OutputSignalNames

2.75.2. Validation

Test001
Prev Home Next
Coarse Control Mode Enable Up Fine Pointing


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.76. Fine Pointing

Table 2-276. Fine Pointing System I nformation

Name Fine Pointing

Depth 6

Type block

Blocks IntFineEnable
EstAttitudeError
EstRateError
Action Port
Constant1
Ground
Terminator
Terminatorl
Terminator2
Terminator3
FineCtrlTorque

Table 2-277. acs_ documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.76.1. Description

| npl enent s the Fine Pointing control

Poi nting control node.

Description from system mask help.

Figure 2-64. Fine Pointing

al gorithmused in the Fine
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Action

Action Fort
— 1
- g= — | FineCmdTarque _
IntFineEnahble Ground FineCtrl Tarque
2 g=

EstattitudeError

N -

E=tR ateErrar

Fine.SampleTime  —fm{—]

Constanti

2.76.1.1. Signals

Table 2-278. Fine Pointing Signal I nfor mation

InputSgnal Names
<EstRateError>

<EstAttitudeError>

OutputSgnal Names

2.76.2. Validation

Test001

Prev Home Next
Coarse Pointing Action -> Enable

=


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/Control/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.77. Action -> Enable

Table 2-279. Action -> Enable System Infor mation

Name Action -> Enable

Depth 6

Type block

Blocks UnloadingAction
CoarseAction

Action -> Enable 1
Action -> Enable 2

Bus Creator
Logical Operator
CtriIModeEnable

Table 2-280. acs_ documentation I nformation

LastModifiedDate ~ (Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.77.1. Description

Figure 2-65. Action -> Enable



- !

UnloadingAction

Aotion
Unlaading Enable

Action -> Enable 1

+ CtritdodeEnable

CtritodeEnable

Coarsefction
Potion >
(]
Coarse Enable F—— e CoarseEnable
Logical
Cperator

Action - Enable 2

2.77.1.1. Signals

Table 2-281. Action -> Enable Signal Information

InputSgnalNames  |UnloadingAction
CoarseAction

OutputSgnalNames

Table 2-282. Input Signal I nformation

Name <5591.0016>

ParentBlock acs_documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Control Mode Action/Action -> Enable /UnloadingAction

Description

Table 2-283. Input Signal I nformation

Name <5592.0016>

ParentBlock acs_documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Control Mode Action/Action -> Enable /CoarseAction

Description

Table 2-284. Output Signal I nformation

Name CtrIModeEnable



ParentBlock acs_documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Control Mode Action/Action -> Enable /Bus Creator

Description

Prev Home Next
Fine Pointing MTA Current Range Check

-



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

2.78. MTACurrent Range Check

Table 2-285. MTACurrent Range Check System Information

IName IMTACurrent Range Check

Depth 7

Type Iblock

Blocks MTACurrent
MTACRngCheckEnable
Bus Creator

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4

Bus Selector5

Bus Selector6

Range Check1

Range Check2

Range Check3
MTACurrentRngError

Table 2-286. acs_documentation Information

|LastModifiedDate Mon Aug 19 16:18:52 2002

|LastModifiedBy it

2.78.1. Description

Handl es range check on reported currents fromthe nagnetic torquers in the MIA

Description from system mask help.

Figure 2-66. MTACurrent Range Check
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2z ki T 2ECurrentRngChkEnables j
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-1

-1

| 1
| M TR CurrentRngError - MTACurrentRrgErrar
MTACurrentRngErmar

—_—

Range Checkz

! |-Elad Link
Fi M Ty Currents >
N,

i <M TOZCurrentRngChkEnables j

p! p-[Ead LE
i =M TQZCurrent= |_ | MTRZCurrentRngError
Range Cheda
2.78.1.1. Signals
Table 2-287. MTACurrent Range Check Signal Information
InputSgnal Names
OutputSignalNames |
2.78.2. Validation
Test001
Prev Home Next
Action -> Enable Up MTAV oltage Range Check


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Mode! - acs_documentation

2.79. MTAVoltage Range Check

Table 2-288. MTAVoltage Range Check System Information

IName IMTAV oltage Range Check

Depth 7

Type [block

Blocks MTAVoltage

MTAV RngCheckEnable
Bus Creator

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4

Bus Selector5

Bus Selector6

Range Check1

Range Check2

Range Check3
MTAYV oltageRngError

Table 2-289. acs documentation Information

LastModifiedDate IMon Aug 19 16:18:52 2002

LastModifiedBy it

2.79.1. Description

Handl es range check on reported voltages fromthe magnetic torquers in the MIA

Description from system mask help.

Figure 2-67. MTAVoltage Range Check
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2.79.1.1. Signals

Table 2-290. MTAVoltage Range Check Signal Infor mation

|
| MT R altageRngErrar

.1
T W altageRngErmar

MTAMGItageRngErrar

InputSignal Names

OutputSignalNames |

2.79.2. Validation

Test001
Prev Home Next
MTA Current Range Check Up RWAM easSpeed Range Check


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs_documentation

2.80. RWAMeasSpeed Range Check

Table 2-291. RWAM easSpeed Range Check System Information

IName IRWAM easSpeed Range Check

Depth 7

Type lblock

Blocks RWAM easSpeed
RWA SpeedRngChkEnable
Bus Creator

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4

Bus Sdlectorb

Bus Selector6

Bus Selector7

Bus Selector8

Range CheckO
Range Check1
Range Check2
Range Check3

RWA speedRngError

Table 2-292. acs documentation | nformation

LastModifiedDate IMon Aug 19 16:18:52 2002

LastModifiedBy it

2.80.1. Description

This bl ock perfornms range check on reported torque fromthe RWA

Description from system mask help.

Figure 2-68. RWAM easSpeed Range Check
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2.80.1.1. Signals

Table 2-293. RWAM easSpeed Range Check Signal Information

FuwASpeadRngErar

FuifspeedRngError

InputSignal Names

OutputSignalNames |

2.80.2. Validation

Test001
Prev Home Next
MTAV oltage Range Check Up RWAM easT orque Range Check


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs_documentation

2.81. RWAMeasTorque Range Check

Table 2-294. RWAM easT or que Range Check System Information

IName IRWAM easTorque Range Check

Depth 7

Type |block

Blocks RWAMeasTorque
RWATorqueRngChkEnable
Bus Creator

Bus Selectorl

Bus Selector2

Bus Selector3

Bus Selector4

Bus Selector5

Bus Selector6

Bus Selector?

Bus Selector8

Range CheckO

Range Check1

Range Check?2

Range Check3
RWATorqueRngError

Table 2-295. acs_documentation I nformation

|LastM0difiedDate |Mon Aug 19 16:18:52 2002

|LastModifiedBy it

2.81.1. Description

This bl ock performs range check on reported torque fromthe RM

Description from system mask help.

Figure 2-69. RWAM easT or que Range Check
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2.81.1.1. Signals
Table 2-296. RWAM easT or que Range Check Signal Information
InputSignalNames
OutputSignalNames |
2.81.2. Validation
Test001
Prev Home Next
RWAM easSpeed Range Check Up 3x3 cross product


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Prev Chapter 2. Model - acs documentation

Next

2.82. 3x3 cross product

Table 2-297. 3x3 cross product System Information

Name 3x3 cross product

Depth 7

Type block

Blocks a(l) a2) a(3)
b(1) b(2) b(3)
Product
Product1
Selector
Selectorl
Selector2
Selector3
Sum

c(1) c(2) c(3)

Table 2-298. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.82.1. Description

Cal cul ates the cross product of two 3x1 vectors.

Description from system mask help.

2.82.1.1. Signals

Table 2-299. 3x3 cross product Signal Information
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InputS gnal Names

OutputSgnalNames

2.82.2. Validation

Test001
Prev Home Next
RWAM easT orque Range Check Up Determine Controller Gain

Matrices


https://webmail.control.auc.dk/space/roemer/Blockset/ACS/ProcessLayer/ActuatorManagement/Test/Test001/Html/index.html

ACS Simulator:
Chapter 2. Model - acs_documentation

2.83. Determine Controller Gain Matrices

Table 2-300. Deter mine Controller Gain Matrices System Information

|Name |Determi ne Controller Gain Matrices

Depth 7

Type block

Blocks q
LU Inverse
2*(Coarse.NatFreg* 2* pi)"2
Constantl

Constant2

Create Diagonal Matrix
Fenl

Fcn2

Fcn3

IC1

Matrix Multiply

Mux

MatrixGainK

MatrixGainP

MatrixGainC

Table 2-301. acs documentation I nformation

LastModifiedDate [Mon Aug 19 16:18:52 2002

LastModiifiedBy it

2.83.1. Description

Description from system mask help.

Figure 2-70. Determine Controller Gain Matrices


http://%<roemerbhelp_fusk('relativepath')>/
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2.83.1.1. Signals
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Table 2-302. Determine Controller Gain Matrices Signal I nformation

InputSignalNames

OutputSgnalNames

Table 2-303. Input Signal Information

Name <6835.0035>
]ParentBI ock |acs_documentation/ Remer ACS/ProcesL ayer/Control/Control Algorithms/Coarse//Fine Pointing/Coarse Pointing/Determine Controller Gain Matrices/q
Description |

Table 2-304. Output Signal I nformation

Name MatrixGainC
]ParentBI ock |acs_documentation/ Remer ACS/Procesl ayer/Control/Control Algorithms/Coarse//Fine Pointing/Coarse Pointing/Determine Controller Gain Matrices/Constant2
Description |

Table 2-305. Output Signal I nformation

Name

MatrixGainK



ParentBlock acs _documentation/Rgmer ACS/ProcesL ayer/Control/Control Algorithms/Coarse//Fine Pointing/Coarse Pointing/Determine Controller Gain Matrices/Create
Diagonal Matrix
|Description |
Table 2-306. Output Signal Information
IName MatrixGainP
ParentBlock acs_documentation/Remer ACS/ProcesLayer/Control/Control Algorithms/Coarse//Fine Pointing/Coarse Pointing/Determine Controller Gain Matrices/2* (Coarse.
NatFreg* 2* pi)*2
|Description |
Prev Home Next

Memory

S

3x3 cross product



ACS Simulator:

Prev Chapter 2. Model - acs_documentation Next
2.84. Memory
Table 2-307. Memory System Information
Name Memory
Depth 7
Type block
Blocks Inl
Digital Clock
Memory
Switch
Outl

Table 2-308. acs_ documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.84.1. Description

Figure 2-71. Memory

—
12:34 - [ ]
. . _P-_.
Digital Clock Switch  Memory

2.84.1.1. Signals



Table 2-309. Memory Signal | nformation

|nputS gnalNames
OutputSgnal Names
Table 2-310. Input Signal Information
Name <6846.0035>
ParentBlock acs _documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Coarse//Fine Pointing/Coarse Pointing/Memory/Inl
Description

Table 2-311. Output Signal I nformation

Name <6840.0035>
ParentBlock acs_documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Coarse//Fine Pointing/Coarse Pointing/Memory/Memory
Description
Prev Home Next
Determine Controller Gain Up Saturation

Matrices



ACS Simulator:
Prev Chapter 2. Model - acs documentation Next

2.85. Saturation

Table 2-312. Saturation System Infor mation

Name Saturation

Depth 7

Type block

Blocks u
Saturation
sat(u)

Table 2-313. acs_ documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002
LastModifiedBy tb

2.85.1. Description

Saturate el enents of n-di nensional vector with specified upper and
| ower bounds.

Description from system mask help.

Figure 2-72. Saturation

&a—

u satiu)

Saturation



https://webmail.control.auc.dk/space/roemer/Blockset/Shared/Help/Saturation.html

2.85.1.1. Signals

Table 2-314. Saturation Signal Information

InputS gnalNames

OutputSgnal Names

2.85.2. Validation

Prev Home Next
Memory Vector Part

=



ACS Simulator:
Chapter 2. Model - acs documentation

Next

2.86. Vector Part

Table 2-315. Vector Part System Information

Name Vector Part
Depth 7
Type block
Blocks Q
Demux
Mux
Terminator
Q(1:3)

Table 2-316. acs_ documentation I nformation

LastModifiedDate

Mon Aug 19 16:18:52 2002

LastModifiedBy

tb

2.86.1. Description

Extracts the vector part of a quaternion, assum ng Q4)

scal ar el enent.

Description from system mask help.

Figure 2-73. Vector Part

is the
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EI

Q013

2.86.1.1. Signals

Table 2-317. Vector Part Signal Information

InputS gnalNames

OutputSgnalNames

2.86.2. Validation

Prev Home Next
Saturation Action -> Enable 1

=



ACS Simulator:
Prev Chapter 2. Model - acs documentation

Next

2.87. Action -> Enable 1

Table 2-318. Action -> Enable 1 System Information

Name Action -> Enable 1

Depth 7

Type block

Blocks Action Port
Constant
UnloadingEnable

Table 2-319. acs documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.87.1. Description

Figure 2-74. Action -> Enable 1

Action

Petion Port

boalean(1 1
0 UnloadingEnable

UnloadingEnable

Constant

2.87.1.1. Signals

Table 2-320. Action -> Enable 1 Signal I nfor mation

InputS gnal Names



OutputSgnalNames

Table 2-321. Output Signal I nformation

Name UnloadingEnable

ParentBlock acs_documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Control Mode Action/Action -> Enable /Action -> Enable 1/
Constant

Description

Prev Home Next

Action -> Enable 2

-

Vector Part



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.88. Action -> Enable 2

Table 2-322. Action -> Enable 2 System Information

Name Action -> Enable 2

Depth 7

Type block

Blocks Action Port
Constant
CoarseEnable

Table 2-323. acs_documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.88.1. Description

Figure 2-75. Action -> Enable 2

Action

Petion Port

baaleand)

CoarseEnable

Constant

2.88.1.1. Signals

Table 2-324. Action -> Enable 2 Signal I nfor mation

InputS gnal Names

OutputSgnalNames




Table 2-325. Output Signal I nformation

Name <6863.0035>
ParentBlock acs_documentation/Rgmer ACS/ProcesLayer/Control/Control
Algorithms/Control Mode Action/Action -> Enable /Action -> Enable 2/
Constant
Description
Prev Home Next
Action -> Enable 1 Up LU Inverse



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.89. LU Inverse

Table 2-326. LU Inverse System Infor mation

Name LU Inverse

Depth 8

Type block

Blocks A
| dentity Matrix
LU Solver
inv(A)

Table 2-327. acs_documentation I nformation

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.89.1. Description

Matri x inverse using LU factorization.

Description from system mask help.

2.89.1.1. Signals

Table 2-328. LU Inverse Signal I nformation

InputSgnalNames  |MatrixGainK

OutputSgnal Names

2.89.2. Validation
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Prev Home Next
Action -> Enable 2 LU Solver

=



ACS Simulator:
Prev Chapter 2. Model - acs_documentation

Next

2.90. LU Solver

Table 2-329. LU Solver System Infor mation

Name LU Solver
Depth 9
Type block
Blocks A
B
Backward Substitution

Forward Substitution
LU Factorization
Permute Matrix

X

Table 2-330. acs_documentation Information

LastModifiedDate  [Mon Aug 19 16:18:52 2002

LastModifiedBy [t

2.90.1. Description

Sol ve AX=B usi ng LU deconposition.

t he same nunber of rows as A

Description from system mask help.

2.90.1.1. Signals

Table 2-331. LU Solver Signal Information

A nmust be square.

B nust have
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| nputS gnalNames

OutputSgnalNames

2.90.2. Validation

Prev Home Next
LU Inverse Other contributions

=



ACS Simulator:
Prev Next

Chapter 3. Other contributions

Guidance

Data interface

Command I nterface

Event interface

Fine Pointing Control

Prev Home Next
LU Solver Revisions



ACS Simulator:

Prev

Chapter 4. Revisions

LU I nverse. mdl : Revision No revision found

Cross Product.nmdl: Revision No revision found

Actuator report data range check. ndl:

Act uat or Managenent _|i b. ndl: Revi sion

Actuator report data range check. ndl:

Act uat or Managenent _|i b. ndl: Revi sion

Act uat or Managenent _|Ii b. ndl : Revi si on

Act uat or Managenent _|i b. ndl: Revi sion

Actuator report data range check. ndl:

Act uat or Managenent _|i b. ndl : Revi sion

Revi si on

not found

Revi si on

not found

not found

not found

Revi si on

not found

No revi sion found

No revi sion found

No revi sion found



Control _I'ib.mdl: Revision not found

Control lib.nmdl: Revision not found
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Detailed Design Guidance Component

Description

The Guidance component delivers setpoints to the Control and Navigation units on the basis of setpoint
commands from the Commander and from the Command Interface, as well as on the basis of
PayloadStarMessages.

Input
(SetParameter)
(GetParameter)
SetState [1x1 uint8] Selection of the GeneratorMode [Off(0), CoarseGuidance(1), FineGuidance(2)]
SetAttitudeSetpoint (
AttitudeSetpoint [4x1 double] Spacecraft commanded attitude quaternion relative to ECI [N/A]
RateSetpoint [3x1 double] Spacecraft commanded angular velocity in SCB frame [rad/s]

)

SetSlewStartAttRate(
StartAttitude [4x1 double] Spacecraft referenceattitude quaternion relative to ECI at start of slew [N/A]
StartRate [3x1 double] Spacecraft angular velocity in SCB frame at start of slew [rad/s]

)

PayloadStarMessage(
Message [1x1 uint8] Indication of Payload Star Sighting [Missing (0), Center (1)]
CenterValue [2x1 double] Star Coordinate in P/L field of view [arcsec TBC]

)

Masked Parameters

MaxSlewRate [1x1 double] Maximum Total Spacecraft Angular Rate relative to ECI [rad/sec]

MaxSlewAcc [1x1 double] Maximum Total Spacecraft Angular Acceleration relative to ECI [rad/sec?]
SlewTimeSlice [1x1 double] Amount of time per reference update [sec]

AcquisitionGridTable [4x100 double] Table of Quaternions indicating relative attitudes w.r.t. initial fine pointing
set point. Table has size 100, but has MaxStarAcqTrials entries. The rest is filled up with identity attitude [N/A]
StarAcqlndex [1x1 uint8] Counter indicating which entry in the AcquisitionGridTable is being used at the moment
[N/A]

MaxStarAcqTrials [1x1 uint8] Number of valid entries in the AcquisitionGridTable [N/A]

StarCenterDeadZone [1x1 double] Maximum allowed off axis position of star in telescope field of view without
recentering [arcsec].

Output

ReferenceState: (A22) (
AttitudeRef [4x1 double]: Spacecraft reference attitude quaternion relative to ECI frame [N/A]
RateRef [3x1 double]: Spacecraft commanded angular velocity in SCB frame [rad/s]
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State Diagram

Coarse Guidance

Initialisation

Intermediate Set Point Determination

Slew Completed

Final Set Point Determination

SetState(1)
SetState(0)
OFF
SetState(0)
SetState(2) Fine Guidance
Center Star Msqg
Initial Set Point Searching Center Star Msg

Mo Star Msg

Star Is Centered

Star Is Centered

Centering

Final

P

-

-

The Star Acquisition does
not contain any mechanism
far a suddenly disappearing

should be reset externally.

star. In that case, the Guidance
does not adwvance state and

Component User Manual
The Guidance component is supposed to be used in the following sequence:

For Coarse Guidance: S

PN

SetState(0), resets the internal state to OFF.
SetAttitudeSetPoint, to set the desired reference attitude and rate for the spacecraft

etState(1)

For Fine Guidance: SetState(2)

The Coarse Guidance can be used in combination with Coarse and Unloading Control/Navigation.
The Fine Guidance can be used in combination with Fine Control/Navigation.
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All other control modes (Safe) require the Guidance OFF.

In Coarse Guidance, the input SetSlewStartAttRate is required to be active.
The PayloadStarMessage input is only used when in Fine Guidance, otherwise it is ignored.

Operations
This section defines the operations to be performed by the component, on the basis of events. These operations
are different per state.

Operations in OFF State

Entry:
The output ReferenceState is set equal to the input SetAttitudeSetPoint.

Exit:
None.

SetState (OFF)
The state is transited to OFF state (this means the entry event is called).

SetState (COARSE_GUIDANCE)
The state is changed to Coarse Guidance.

SetState (FINE_GUIDANCE)
The state is changed to Fine Guidance.

Operations in Coarse Guidance State
Entry:

1. ComputeDeltaQuaternion

2. ComputeDeltaAngleAndVector, the result of this is fieflux, the vector n, and fiemax.

3. Setfie=0

4. A judgment is needed on the size of the fiemax. If below a threshold then transit to Coarse/Final Set Point
Determination, else transit to Coarse/Intermediate Set Point Determination.

Exit:

None.

SetState (OFF)
The state is transited to OFF state.

SetState (COARSE_GUIDANCE)
The state is changed to Coarse Guidance (entry event)

SetState (FINE_GUIDANCE)
Ignored.

Operations in Coarse/lntermediate Set Point Determination
Entry:
None.

Exit:
None.

Every control cycle:
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The following schema computes the references for the output of the Guidance module.
When fie reaches its final value, transit to Coarse/Final Set Point Determination

fieflux—->»

This switch should switch to the
-1 branch when fie has increased
to half its final value.

QStart i

1 e "

> " nsin(fie/2)] | | Delta Q Attitude >
] cos(fiel2) AttitudeRef> Mult. Ref

ZOH

> RateRef- >
RateRef

ZOH

Operations in Coarse/Final Set Point Determination
Entry:
Set the AttitudeRef and the RateRef to the commanded values.

Exit:
None.

Operations in Fine Guidance State
Entry:
Transit to Fine/Initial Set Point

Exit:
None.

SetState (OFF)
The state is transited to OFF state.

SetState (COARSE_GUIDANCE)
Ignored.

SetState (FINE_GUIDANCE)
The state is changed to Fine Guidance (this means the entry event is called).

Operations in Fine/lnitial Set Point

Entry:

1. Set the AttitudeRef and the RateRef to the commanded values.
2. Set StarAcqgindex to 0

Exit:
None.

PayloadStarMessage(Center)
1. If Delta is lower than StarCenterDeadZone, transit to Fine/Final,
2. else transit to Fine/Centering.
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PayloadStarMessage(No Star)
Transit to Fine/Searching.

Operations in Fine/Searching
Entry:

Exit:
None.

PayloadStarMessage(Center)
1. If the Delta is lower than StarCenterDeadZone then transit to Fine/Final,
2. else transit to Fine/Centering.

PayloadStarMessage(No Star)

1. Increase StarAcqglndex with 1.

2. If StarAcglndex<=MaxStarAcqTrials then set the AttitudeRef output to the corresponding entry in the
StarAcqGridTable, by multiplying the commanded set point with the table entry,

3. else do nothing (TBC).

Operations in Fine/Centering

Entry:

1. Compute the final set point with help of the Delta and the current setpoint.
2. Set the AttitudeRef to this final setpoint.

3. Transit to Final.

Exit:
None.

PayloadStarMessage(Center)
Ignored.

PayloadStarMessage(No Star)
Ignored.

Operations in Fine/Final
Entry:
Keep the output as it is.

Exit:
None

PayloadStarMessage(Center)
Ignored.

PayloadStarMessage(No Star)
Ignored.
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Detailed Design Data Interface Component

Description

The Data Interface is called by the PUS Service Layer to request values of parameters, and to change values of
parameters in modules of the ACS. Every parameter has a unique identifier, while the Data Interface has a table
which maps ranges of identifiers to the components in the ACS.

Parameters can only be changed while the ACS is disabled. A parameter change is responded to with a
ACS_Parameter_Report. If the change has not been performed, a flag in this report is set to false.

Input
(SetParameter)
(GetParameter)
SetState (
ParameterChangeEnable [1x1 boolean] Allows parameters to be changed or not.
)

ParameterReport (

ByteSize [1x1 uint8] The ID of the parameter/variable that is requested.

Parameterld [1x1 unit16] Id of reported parameter (TBD)

ParameterValue [ByteSizex1 unit8] Binary structure depending on requested parameter
type with a length of <ByteSize> octets.

)

ACS_Get_Parameter (
Parameterld [1x1 uint8] The ID of the parameter/variable that is set.
)

ACS_Set_Paremeter (
Parameterld [1x1 uint8] The ID of the parameter/variable that is set.
ParameterValue [variable] The value of the parameter that is set.

)

Masked Parameters
ParameterMap [TBDx3 uint8] Map with [lower range, upper range, component identifier].

Component Identifiers: 1: Data Interface
2: Event Interface
3: Command Interface
4: Guidance

5: Commander
6: Navigation
7: Fault Detection

8: Control

9: Sensor Management
10: Actuator Management

Output
ACS_ParameterReport (
ByteSize [1x1 uint8] The ID of the parameter/variable that is requested.
Parameterld [1x1 unit16] Id of reported parameter (TBD)
ParameterValue [ByteSizex1 unit8] Binary structure depending on requested parameter
type with a length of <ByteSize> octets.
CheckFlag [1x1 boolean] Is False when there is a problem.
)

Possible causes for FALSE CheckFlag in ACS_ParameterReport:
- call to ACS_SetParameter while ACS is Enabled,

- call to ACS_SetParameter with invalid parameter ID,

- TBC: call to ACS_SetParameter with out of range parameter,
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- call to ACS_GetParameter with invalid parameter ID.

Operations
N/A

State Diagram
N/A

Component User Manual

Parameter Request: A parameter is requested by the PUS Service Layer by ACS_GetParameter with the
appropriate ID. Expected response is an ACS_ParameterReport, with the value and a checkflag. The component
itself calls the GetParameter interface of the related component and expects a ParameterReport back from that
component.

Parameter Change: A parameter is changed by the PUS Service Layer by ACS_SetParameter with the
appropriate ID. Expected response is an ACS_ParameterReport, with the value and a checkflag. This is only
possible when the ACS is disabled, otherwise a report with a false flag is returned. The component itself calls the
SetParameter interface of the related component but does not expect a ParameterReport back from that
component.

In order to inform the component on that parameter changes are allowed, the SetState interface must be used (by
Commander) to enable or disable it.
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Detailed Design Command Interface Component

Description

The Command Interface is called by the PUS Service Layer to pass on commands, which are mainly the enabling
and disabling, switching of modes and setpoints, but also to report on enabling/disabling of equipment.
Commands are acknowledged with a TC verification report, which serves as information source for the PUS
command verification.

Input
(SetParameter)
(GetParameter)

ACS_Enable ( Enable [1x1 boolean] to enable/disable ACS )

ACS_ModeSelect (
Desired Mode [1x1 uint8] selects mode [Unloading(0), Coarse(1), Fine(2), safe(3), Standby (4)]
Attitude Set Point [4x1 double] Spacecraft commanded attitude quaternion relative to ECI [N/A]

)
ACS_SetAutonomyOnOff [1x1 boolean] Enables/Disables the onboard autonomy [N/A]

ACS_ChangeAttitudeDeterminator [1x1 uint8] Selects a Navigation Mode [Raw (0), Coarse(1), Fine(2), Safe(3)]

ACS_SetAttitudeSetpoint (
AttitudeSetpoint [4x1 double] Spacecraft commanded attitude quaternion relative to ECI [N/A]
RateSetpoint [3x1 double] Spacecraft commanded angular velocity in SCB frame [rad/s]

)

ACS_SetUTCANdOTrbitalElements (
Onboard Time Value [1x1 TBD] Reading of the CDH clock [TBD]
Orbital Elements [TBD] Description of orbit in inertial space [various]

)
ACS_CenterStar [2x1 double] Star Coordinate in P/L field of view [arcsec TBC]
ACS_MissingStar

ACS_STRStatusReport [1x1 uint8] Indication of STR State [Disabled (0), EnabledCHUPLUSZ (1),
EnabledCHUMINZ (2)]

ACS_GYRStatusReport [4x1 uint8] Indication of each rate sensor state [Off (0), Off Passed(1), On_Failed(2),
On_Passed(3)]

ACS_SSAStatusReport [6x1 boolean] Indication of each sunsensor status [N/A]
ACS_MAGStatusReport [1x1 boolean] Indication of magnetometer status [N/A]
ACS_WheelStatus [4x1 boolean] Indication of each wheel status [N/A]
ACS_TorquerStatus [3x1 boolean] Indication of each torquer status [N/A]

TCVerificationReport(
Acceptance [1x1 boolean] Indication of Command Acceptance [REJECTED (0), ACCEPTED(1)]
AcceptErrorCode [1x1 uint8] Indicates reason of failure for acceptance [INVALID-CMD (0), OK (1)]
Execution [1x1 boolean] Indicates completion of the command execution [N/A]
ExeErrorCode [1x1 uint8] Indicates reason of failure for execution. If no failure, then this parameter is set
to OK. [TBD]

)
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ConfigureStarTracker (

)

Enable [1x1 boolean] Enabling Request of Star Tracker Operation [N/A]
CHUSelect [1x1 uint8] Selection of Camera [PLUSZ (0), MINZ(1)]

ConfigureRateSensors (

)

RGAOEnable [1x1 boolean] Enabling Request of RGA in wheel 0 [N/A]
RGA1Enable [1x1 boolean] Enabling Request of RGA in wheel 1 [N/A]
RGA2Enable [1x1 boolean] Enabling Request of RGA in wheel 2 [N/A]
RGA3Enable [1x1 boolean] Enabling Request of RGA in wheel 3 [N/A]

ConfigureSunSensors (

)

SSAPIlusXEnable [1x1 boolean] Enabling Request of SSA [N/A]
SSAMinXEnable [1x1 boolean] Enabling Request of SSA [N/A]
SSAPIlusYEnable [1x1 boolean] Enabling Request of SSA [N/A]
SSAMinYEnable [1x1 boolean] Enabling Request of SSA [N/A]
SSAPIlusZEnable [1x1 boolean] Enabling Request of SSA [N/A]
SSAMinZEnable [1x1 boolean] Enabling Request of SSA [N/A]

ConfigureMagnetometer [1x1 boolean] Enabling Request of Magnetometer [N/A]

ConfigureWheels (

)

RWAOEnable [1x1 boolean] Enabling Request for wheel 0 [N/A]
RWA1Enable [1x1 boolean] Enabling Request for wheel 1 [N/A]
RWAZ2Enable [1x1 boolean] Enabling Request for wheel 2 [N/A]
RWA3Enable [1x1 boolean] Enabling Request for wheel 3 [N/A]

ConfigureTorquers (

TRQOEnable [1x1 boolean] Enabling Request for torquer 0 [N/A]
TRQ1Enable [1x1 boolean] Enabling Request for torquer 1 [N/A]
TRQ2Enable [1x1 boolean] Enabling Request for torquer 2 [N/A]

Masked Parameters

None.

Output

ACS_EnableWheels [4x1 boolean] Enable/Disable wheels [N/A]
ACS_EnableTorquers [3x1 boolean] Enable/Disable torquers [N/A]
ACS_EnableSTR [1x1 uint8] Select CHU [Off (0), PLUSZ (1), MINZ(2)]
ACS_EnableGYR [4x1 boolean] Enable/Disable rate sensors [N/A]
ACS_EnableSAS [6x1 boolean] Enable/Disable sun sensors [N/A]
ACS_EnableMAG [1x1 boolean] Enable/Disable magnetometer [N/A]

Enable [1x1 boolean] Enables the ACS, thereby activating the ACS RuleBase Logic and initiating configurations.
ModeSelect (
ModeSelect [1x1 uint8] Which Control Mode is desired [Unloading(0), Coarse(1), Fine(2), Safe(3),
Standby (4)]
AttitudeSetpoint [4x1 double] Spacecraft commanded attitude quaternion relative to ECI [N/A]

)

AttitudeDeterminatorSelect [1x1 uint8] Selects a Navigation Mode [Raw (0), Coarse(1), Fine(2), Safe(3)]
AutonomyOnOff [1x1 uint8] Commands the autonomy level [Off(0), On(1)]
SystemStateVector (

RWAState [4x1 boolean] State of the wheels [N/A]
MTQState [3x1 boolean] State of the torquers[N/A]



ROMER ACS Detailed Design Command Interface
Ron Noteborn, Terma
14-08-2002, Issue 1, Page 3

STRState [1x1 boolean] State of the star tracker [N/A]
MAGState [1x1 boolean] State of the magnetometer [N/A]
SSAState [6x1 boolean] State of the sun sensors [N/A]
RGAState [4x1 boolean] State of the rate sensors [N/A]
)
SetAttitudeSetpoint (
AttitudeSetpoint [4x1 double] Spacecraft commanded attitude quaternion relative to ECI [N/A]
RateSetpoint [3x1 double] Spacecraft commanded angular velocity in SCB frame [rad/s]

)

PayloadStarMessage(
Message [1x1 integer] Indication of Payload Star Sighting [Missing (0), Center (1)]
CenterValue [2x1 double] Star Coordinate in P/L field of view [arcsec TBC]

)

SetUTCANdOrbitalElements (

OnboardTimeValue [1x1 TBD] Onboard time corresponding to the epoch time for elements given below
[TBD]

EpochTime [1x1 double] Epoch time for elements. Synchronized with OnboardTimeValue [JD]

PerigeePrecession [1x1 double] Precession of perigee at epoch [rad/sec]

Perigee [1x1 double] Perigee at epoch [rad]

RAANPrecession [1x1 double] Precession of right ascending node at epoch [rad/sec]

RAAN [1x1 double] Right ascending node at epoch [rad]

Inclination [1x1 double] Inclination at epoch [rad]

Eccentricity [1x1 double] Eccentricity [N/A]

MeanAnomaly [1x1 double] Mean anomaly at epoch [rad]

SemiMajorAxis [1x1 double] Semi major axis [km]

MeanMotion [1x1 double] Mean motion [deg/day]

)

Operations
There is a direct connection between an input and a response on the output:
Incoming Interfaces

Input Output Remark
ACS_Enable Commander::Enable
ACS_ModeSelect Commander::ModeSelect
ACS_ChangeAttitudeDeterminator Commander::
AttitudeDeterminatorSelect
ACS SetAttitudeSetpoint Guidance::SetAttitudeSetpoint
ACS SetUTCANdOrbitalElements Navigation::SetOrbitalElements
ACS CenterStar Guidance::PayloadStarMessage
ACS MissingStar Guidance::PayloadStarMessage
ACS STRStatusReport Commander::SystemStateVector
ACS GYRStatusReport Commander::SystemStateVector
ACS SSAStatusReport Commander::SystemStateVector
ACS MAGStatusReport Commander::SystemStateVector
ACS WheelStatus Commander::SystemStateVector
ACS TorquerStatus Commander::SystemStateVector
ACS SetAutonomyOnOff Commander::AutonomyOnOff
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Outgoing Interfaces

Input Output Remark
TCVerificationReport ACS TCVerificationReport
ConfigureStarTracker ACS EnableSTR

ConfigureRateSensors ACS EnableGYR

ConfigureSunSensors ACS EnableSAS

ConfigureMagnetometer ACS EnableMAG

ConfigureWheels ACS EnableWheels

ConfigureTorquers ACS EnableTorquers

State Diagram
N/A

Component User Manual
N/A
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Detailed Design Event Interface Component

Description

The Eventinterface is responsible for output of event based information to the PUS Service Layer. These events
are a result of fault detection, autonomous reconfigurations and other state changes. The information is output as
a set of values, which will be converted into a PUS Event Report by the PUS Service Layer. Origin of the events
is always the Commander.

Note: at the moment the event interface passes on information from the Commander to the PUS Service Layer.
There is no processing or altering of the data. This means that this component is more or less conceptual, and
might be completely invisible in the actual flight software.

Input
ConfigurationReport(

CurrentMode [1x1 uint8] Indicates current mode of ACS [UNLOADING (0), COARSE (1), FINE (2),
SAFE (3), STANDBY (4)]

CurrentCtrl [1x1 uint8] Control mode [UNLOADING (0), COARSE (1), FINE (2), SAFE (3), STANDBY
4)]

CurrentAD [1x1 uint8] Navigation mode [RAW (0), COARSE (1), FINE (2), SAFE (3)]

CurrentFD [1x1 uint8] Indicates current fault detector, [TBD]

AutonomysStatus [1x1 uint8] Indicating autonomy level [Off(0), On(1)]

GuidanceStatus [1x1 uint8] Indicating which mode Guidance is in [Off(0), CoarseGuidance(1),
FineGuidance(2)]

RWAStatus [4x1 boolean] Indicates which wheels are enabled. [N/A]

TRQStatus [3x1 boolean] Indicates which torquers are enabled. [N/A]

MAGStatus [1x1 boolean] Indicates if magnetometer is enabled. [N/A]

SSAStatus [6x1 boolean] Indicates which sun sensors are enabled. [N/A]

RGAStatus [4x1 boolean] Indicates which rate sensors are enabled. [N/A]

ConfigStatus [1x1 uint8] Indicates what the reason was for this report [Command (0), Internal Event(1)]

Alarms [TBDx1 boolean] alarm indicators [N/A]

)

FaultDetectionReport (
OldAlarm [TBDx1 boolean] alarm indicators before event [N/A]
NewAlarm [TBDx1 boolean] alarm indicators after event [N/A]

)

LostAttitudeReport [event] Indicates that attitude is not considered stable around setpoint [N/A]
ReachedSetPointReport [event] Indicates that attitude is considered stable around setpoint [N/A]
EndofUnloadingReport [1x1 uint8] Reason for ending Unloading [Finished (0), Command(1), HighAltitude (2)]

Masked Parameters
None.

Output
ConfigurationReport(

CurrentMode [1x1 uint8] Indicates current mode of ACS [UNLOADING (0), COARSE (1), FINE (2),
SAFE (3), STANDBY (4)]

CurrentCtrl [1x1 uint8] Control mode [UNLOADING (0), COARSE (1), FINE (2), SAFE (3), STANDBY
4]

CurrentAD [1x1 uint8] Navigation mode [RAW (0), COARSE (1), FINE (2), SAFE (3)]

CurrentFD [1x1 uint8] Indicates current fault detector, [TBD]

AutonomyStatus [1x1 uint8] Indicating autonomy level [Off(0), On(1)]

GuidanceStatus [1x1 uint8] Indicating which mode Guidance is in [Off(0), CoarseGuidance(1),
FineGuidance(2)]

RWAStatus [4x1 boolean] Indicates which wheels are enabled. [N/A]

TRQStatus [3x1 boolean] Indicates which torquers are enabled. [N/A]

MAGStatus [1x1 boolean] Indicates if magnetometer is enabled. [N/A]

SSAStatus [6x1 boolean] Indicates which sun sensors are enabled. [N/A]
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RGAStatus [4x1 boolean] Indicates which rate sensors are enabled. [N/A]
ConfigStatus [1x1 uint8] Indicates what the reason was for this report [Command (0), Internal Event(1)]
Alarms [TBDx1 boolean] alarm indicators [N/A]

)

FaultDetectionReport (
OldAlarm [TBDx1 boolean] alarm indicators before event [N/A]
NewAlarm [TBDx1 boolean] alarm indicators after event [N/A]

)

LostAttitudeReport [event] Indicates that attitude is not considered stable around setpoint [N/A]
ReachedSetPointReport [event] Indicates that attitude is considered stable around setpoint [N/A]
EndofUnloadingReport [1x1 uint8] Reason for ending Unloading [Finished (0), Command(1), HighAltitude (2)]

Operations
On the events defined above, information is passed on to the external PUS Service Layer.

State Diagram
N/A

Component User Manual
All inputs can be offered to the component at any time in the form of an event.



Abstract

Fine-pointing control performance is crucial for the ability of the Rgmer
Satellite to maintain accurate observation of faint stars over longer periods
of time. Pointing accuracy requirements are high on this mission, and sev-
eral sources could contribute to derate performance. Measurement noise,
bias, drift and temperature driven misalignments between satellite instru-
ments could seriously limit the quality of scientific data. Main sources
analysed in the report include sensor noise, reaction wheel imperfections
and satellite parameter uncertainty.

The control system is analysed in a discrete time implementation, the
performance of the system is analysed and the sensitivity to disturbances
and measurement related noise are scrutinized, based on quoted perfor-
mance of reaction wheels and rate gyros. Effects of sampling time fluctu-
ation, satellite inertia uncertainty and alignments contribute to the build
requirements of the satellite. The overall finding is that the fine-pointing
requirements of the MONS experiment can be met with adequate mar-
gin when reasonable design requirements are met. The major uncertainty
that remains is the magnitude of wheel torque disturbance.
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About this document

Purpose

The accuracy and quality in fine-pointing of the Rgmer satellite’s main telescope
towards a selected star under observation is crucial to the success of the mission.
This study was undertaken to design a fine-pointing controller of the required
high performance, to analyze the effects of various sources of noise and torque
disturbances, and to validate the design over an envelope of uncertainty in
satellite parameters.

Scope

The report derives a general model for an inertial pointing satellite at an ar-
bitrary point of operation. The point of operation includes stored momentum,
quaternion and angular velocity about any axis. A fine-pointing controller is
suggested based on quaternion arithmetic, that is robust to large initial offset
in pointing, and in fact, maps into the preferred maneuvering controller when
gains are reduced to maneuvering values. An architecture for integral control is
suggested that effectively deals with possible alteration in misalignment between
the main telescope and the ACS star tracker. Performance of the controller is
analyzed against measurement noise from star imager, rate gyro sensors, at-
titude determination subsystem and from reaction wheel torque disturbances.
Parameter uncertainty in satellite inertia, wheel alignment and from OBC sam-
pling time fluctuation are analyzed.

Accurate data from wheels have not been included as these data have not
been made available from the supplier. Measurements of wheel disturbance
torque, demand quantization, and time-responses over the envelope of operation,
were requested.

Structural flexibility has not been analysed in this report but must be in-
cluded in a final validation exercise before the controller is left to care for the
main experiment of the satellite.
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1 Dynamics for Satellite with Wheel Actuation

This section discuss the modelling of wheels and the various imperfections that
need to be included for assessment of high precision pointing accuracy. The
reaction wheel assembly is the largest anticipated disturbance source on the
satellite, so a detailed modelling is required of disturbance torques generated by
the wheels and other imperfections associated with control of the wheels.

1.1 Rotational dynamics with static unbalanced wheel

The usual formulation of Euler’s moment equation relates external moment N
on the satellite to the derivative in body frame of total angular momentum L,

0L
— | =Newt —wxL 1
6t ) ext ( )
where w is the angular velocity of a (rotating) coordinate system fixed in the
satellite’s body.

Assessment of wheel imperfections is done considering a rigid body and some
moving mass, say a particle of mass m; located in the body by r; , which is
measured relative to the centre of the chosen coordinate system. The absolute
velocity of the particle is

87“1'
i = Vo +W XTr; + — 2
v v wXr n ()

where v, is the velocity of the centre of the coordinate system and w the angular
velocity of the coordinate system. The angular momentum over an envelope of
such masses become

h:/rix(vo—kwxri—k%)dm (3)
817
h:/rix(wxri)dm—vox/ridm-i—/rixEdm (4)

The first term is by definition the inertia tensor

Jw:/(rixwxri)dm (5)

The second term is zero if the coordinate system is taken in the centre of mass.
If this is not the case, we get the term

—v, X / ridm = —v, X 7 My, (6)

where M,, is the mass of the wheel being analysed.



An ideal wheel rotating about its z axis, having with inertia radius R,, has

the inertia tensor
0 0
M, R?
2 o] 4R (1)
1]

2
Juo=10
[ 0 0

A reaction wheel rotating about its z axis has the angular momentum
h, = (0,0, hw)T in its own axis system. Being aligned according to the mount-
ing of the wheel, in a direction that has a direction cosine matrix Ay, , the wheel
orientation in satellite coordinates is e, = Ay, (0,0, 1)T. The angular momen-
tum of the wheel, seen in body coordinates, is hy = Ay, hy = Agy (0,0, k)7

1.2 Wheel with static imbalance

If the wheel has a static imbalance, characterised by a small mass dm placed at
a radius rg, then r; = rs(sin(nt), cos(nt),0) and the total mass M,,, then

87“1'

Edm = rg(ncos(nt), —nsin(nt),0)dm (8)
and
cos(wt) 9)
or: 0 0 cos(nt) cos(nt)
/ i X 8—tldm =1y’ / 0 0 — sin(nt) —sin(nt) | dm |w
w w [ —cos(nt) sin(nt) 0 0
(10)
0
=My, | 0 |n (11)
1

This term is equivalent to a change of inertia by —r2M,,.
The force generated by a wheel imbalance of mass m, then amounts to

92 — sin(nt)
Fo = ms—— = mgrsn® | —cos(nt) (12)
ot? 0

The torque generated on the satellite is, when the wheel is located in the
satellite by r,,, measured from the satellite coordinate system’s centre to the
centre of the wheel,

— sin(nt)
Nyist = rw X Fy =1y X Apymgrsn® | — cos(nt) (13)
0

This term shows the resulting torque variation on the satellite due to wheel
imperfection, which is seen to act like an external torque disturbance at the
wheel rotational speed.



Now consider the angular momentum of a wheel with speed n,, relative to
the satellite (about the wheels’ third axis), then the absolute angular velocity
of the wheel is

Qui = Awp wpi + (0,0,n)" (14)

The nominal wheel inertia is
_[JM 0 0 ]_[2 0 O]Msz
S I T I E A

With satellite inertia I, (without wheels) and angular velocity in inertial space
Wip, we have

k

L=I,, wib+z Apy J0Qlyi <= (15)
=1
k k
L =1I; wpt+ Z Ay JwAwp Wi + ZAbw(Oa 0, Jzzn)T (16)
=1 =1

The rigid body dynamics of the satellite with non-spinning wheels is by defini-
tion

k
Is = Iso+z Abw JwAwb
i=1

hence
k

L=T, wi+ »_ Ap(0,0,7:.m)"

i=1

1.3 Dynamic wheel imbalance

Dynamic imbalance of a wheel means the inertia tensor is not diagonal. This
means J,, = Awaoﬁg where Aw is a rotation matrix representing the tilt of
the inertia tensor caused by dynamic imbalance. Let the dynamic imbalance
be specified as contributions from two (small) masses m4 located with an axial
offset of plus and minus 0.5z4 from the centre of gravity of the wheel. The
dynamic imbalance of the wheel will then give rise to angular accelerations
perpendicular to the wheel’s z axis such that the angular momentum of the

wheel is [1]

) 0 2mgz.n? cos(nt)
h, = 0 + | 2mgz.n?sin(n,t) (17)
J..n 0

The last term is seen to be equivalent to a contribution to the disturbance torque
on the satellite
{ cos(nt) -|

Ny, dwd = 2mgz.n* [ sin(nt) J (18)
0



which is again a disturbance torque proportional in amplitude to wheel speed
squared and varying in time as the wheel rotational speed. The torque acting
on the satellite is

cos(nt)
N dwd = App2mqz.n’® | sin(nt) (19)
0

1.4 Wheel suspension eigenmodes

The above torques assumes a rigid suspension of the wheel. Any eigenmodes of
the shaft within the range of rotational wheel speed will amplify the wheel mo-
tion associated with the static and dynamic disturbance torques, and generate
a resulting disturbance torque on the satellite that is a factor larger than the
values calculated from Eq. 19.

This effect is noted but not further considered in this phase of the study.
Barred ranges for wheels in the torque allocation algorithm could be utilized to
avoid the ranges of wheel speed where wheel shaft resonance amplify the wheel
disturbance torques.

1.5 Wheel torque

Driving of the wheel is accomplished by an electrical torque motor, to give a
nominal behaviour )
hz = _chmd (20)

However, rotor torque generation wary with position, friction torque can depend
on wheel position # and generation of electrical torque has several sources of
imperfection. Wheel speed is hence

hz = _n(aw)chmd - fw(awanw) ~ _chmd(t) - Ndistl(t) (21)

The approximation implies that the torque and friction imperfections, which
do indeed couple to the angular velocity dynamics of the satellite, are considered
to only act as time-varying disturbance, not correlated with the satellites mo-
tion. This is considered adequate for linear analysis. A high fidelity simulation
should confirm this assumption.

In summary, the dynamic equations of a satellite with k wheels is described
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1.6 Dynamic equation of motion with disturbances

We abbreviate this to the standard form, where h is the total angular momen-
tum of wheels seen in the satellite’s coordinate system, Ny;s: the disturbance
torque, and again, we consider the imbalance as part of the time-varying func-
tion Ng;st(t), and consider the coupling with the h vector of the wheels to be
a second order effect that is insignificant. With the abbreviated notation the
dynamic equation reads,

w=-T"(wxLw) -I;'wxh—I;'"h + I;'Nepe + I7'Nyise (23)

Writing the cross product as a matrix operation using S(w),

S(w)—[ 0?3 o —wu211-| (24)

e w0

&= —I;'S(w)Lw — I, 'S(w)h — I, h + I; 1N,y + I; ' Ny (25)

The combined nonlinear dynamic model of the satellite is completed by noting
that control torque in the body coordinate system is N4 and gives the rate of
change of the total angular momentum from wheels,

h=—N_ (26)

gives

1.7 Kinematics

The kinematics of the satellite, using quaternion parameters for attitude repre-
sentation, is

q 0 w3 —wy W q
dl g |_1]-w 0 Wi W q2 27)
dt | a3 2| w2 —w1 0 w3 q3

qa —w; —wy —ws O q4



or, in re-written form

qn 0 —w3  Fws qge 0 O
dlg|_ 1] +ws 0 -—uw N 110 ¢ O 1
dt | @3 | 2| —w2 4w 0 © |+ 210 0 q w2

q4 w1 wWa w3 s 0O 0 O ws

(28

we can write the kinematic equation using ¢ = [gT, q4] where g = [q1, ¢z, q3]7

is the first three components of the quaternion,
d g ]. —S(LLJ) ]. I3><3
fd S = 2
di { a1 ] > [ S LT O (29)
1.8 Nonlinear model

The combined dynamic and kinematic equations Eqs. 23 and 29 give, in partly
vectorised form

w I, 'S(w)Isw — I S(w)h + I; "Ny + I IN,  + I Ny
dil g | _ —1S(w)g+iquIsxsw
dt | g | —twl'g
h _thrl
(30)

1.9 Limitations of the model

It is noted that the effects of flexibility of the satellite’s structure or appendages
is not included in this model.

1.10 Effects of rotating reference coordinate system

The effects caused by a rotation of both measured values and reference coordi-
nates for the inertia tensor to a satellite geometry defined coordinate system is
achieved by rotating the various quantities in the dynamic equation,

d

7
then, rotating to the body system using w, = Apws, h, = Aphy, N, =
Aprb, IS = APbISbAZb gives

Iswy) = —wp X Lswp—w, x hy — fl,, + Neatp + Naist,p (31)

d

% (AprsbAZbApbwb) = —Apbwb X AprsbAZ;bApbwb (32)

— Appwy X Apphy — Apbﬁb + A Negt v + ApsNaist b

since Aw x Ah = A(w x h), this simplifies to

d .
T (Ispwp) = —wp X Igpwp—wp X hy — hy + Negep + Naise,p (33)



1.11 Linearized Model

This non-linear equation of motion is linearized in an arbitrary point of opera-
tion (@, &, Gs, h) in order to arrive at a set of linear state space equations. The
deviation from steady state (point of linearization) is denoted by a tilde above
the variables, w = @ + @, but the quaternion representation of attitude poses a
specific problem. With dg denoting the orientation at time ¢+ dt relative to the

attitude at time ¢, then, since

dg, e1 sin (%wdt) Lo dt
g | _| dg2 | | e2sin (?wdt) N ?CUth (34)
Go | | dgs | — | ezsin (§wdt) | gwsdt
dqa cos (%wdt) 1
then £¢, = 0 and S(w)dg = 0 hence
d . 1 _ 1. 1
Pt —§S(w)g+§%13x3w :§IB><3W (35)
.~ d d -
h=h+h; —h=—h 36
+h dt dt (36)

The desired form of the linear equation of motion has a state vector x =
(01,002,035, G1, J2, 3, b1, ha, hg)T and has control input u = N,;. The external
and disturbance torques have zero mean. The state space equation is then

x(t)= A(t)x(t)+By(t)u(t) + Be(t)Negt (t) + Ba(t)Naise (t) (37)

where of o1
Aij = 8—%; Bij = 8—u] (38)

and
—I7'S(w)Lw — I;1S(w)h + I (Netr 4+ Naist + Newt)
—lS(w)g+lq413X3w
— 2 2
f= Clutg (39)
_thrl

Using symbolic manipulation to calculate the Jacobians Eq. 38, we obtain

I'A,., 0 IJ'A,, It It
A= il O 0 ; By = 0 ; Bg = 0 [;Be=
0 0 0 —I543 0
where
Aw,w = [Aw,ly Aw,Z; Aw,?)] (41)
where the three columns of A, ,, are
wolz1—w3zly -|
A, = —2[31w1—I3we—wslzz+wslii+hs (42)
[ 2Irwitwalpo+1o3wz—wali1—heo J
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I3y w1 +2130w2+wslss —wsloo—hs
Ao = walip—wi I3z (43)
| —wili1—2lpws—T13wstwilaa+hy |

[ —Iywi—wslre—2Is3ws+walsz+hy |
A, = wili+Tpwe+2113w3—wi I33—hy (44)
wilpz—wali3

0 w3 —W2
Aypn=1] —ws 0 w1 (45)
w2 —W1 0

and the nominal condition is expressed through the parameters are w = @
and h = h. This linear model accept an arbitrary moment of inertia tensor,
which enables subsequent use for both controller design and analysis of sensitiv-
ity (robustness) properties. Uncertainties include magnitude and rotation of the
inertia tensor and alignment of wheels. The basic dynamic properties change
with the resulting angular momentum of the wheels. The changes in linear dy-
namics could be analysed should the satellite be demanded to rotate along one
of its axes, e.g. during manoeuvres. The linear model is then available should
quantitative analysis be desired. The nonlinear analysis is limited to stating the
more elementary questions of stability.

1.12 Nominal linear model

The following parameters apply for the nominal satellite, in inertial pointing
condition, w = 0

14.79 0 0
w=1(0,0,0); hel0,]]Nms; I,= 0 1433 0 kgm®  (46)
0 0 3.53

The nominal model for fine-pointing design is hence

[I;'AL,., 0 O
A= I3z 0 0 |; (47)
|0 0 0
5 L[5 me %]
R R N i R A
with
0 —hs3 h
A,o=1| hs 0 -m (49)
—hy M 0

All states in the state-space equation are measured on the satellite in normal
condition.

11



2 Fine-pointing controller design

Having attitude parameterised as the attitude quaternion, and angular body
rates are further measured, it is advantageous to employ a controller that can
use this information directly. The error in pointing direction is expressed as
elements of the direction cosine error matrix. The satellite has reached the
desired attitude when this matrix becomes the unit matrix. Denote the coordi-
nate system for the target orientation as the unit vectors (1,7, 1,7, 1.7) and the
satellite’s present direction through (1,5,1ys,1.s). The direction cosine matrix
for the error, the rotation it takes for the satellite to rotate from the present to
the target direction, is

Ap=Ars=ArArs=ArAf; (50)

The directional error is seen in the off-diagonal elements of the A g, matrix, for

example az3 = 1,5-1.7 . The z axis of the satellite can only be aligned into the

target direction if this scalar product is zero. The control law shall hence provide

a torque that rotates the satellite about is z-axis to give as3 = 1,5 1,7 =0.
This control idea is exploited as

—k,(az2p — azsp) + krawi
Neirt = | —kyp(a13e — azip) + kyawr (51)
=k, (a21p — a12p) + kzawi

where damping is obtained by feedback from the angular velocity estimate (mea-
surement). Since the pointing error, expressed as the quaternion error is

qr4 grs —gr2 911 —gs1
-1 —4gTs3 qra4 ari gr2 —gs2
= = 52
e =4s ar gr2 —gr1  4Tr4 973 —9s3 ( )
—gr1  —9r2 —9gr3 (qra gsa

and the direction cosine matrix A g is related to this quaternion, (Wertz, 1991)
the relationship between the rotation matrix and quaternion gives

Nactri kxngIQE4 + kgawi
Netri = | Nyetrt | = | kyp9rE2qEs + kygun (53)
Nctrl kngE3QE4 + k.qwr

Linear quadratic optimal control can be achieved by designing controller
gains such that an index is minimized, which is a trade-off between control
effort and control error

prc :/ <[ w e ]Rmc [ g :| +Nz;rlRuthrl> dt (54)
0

(&

This leads to the general controller

Netrt = Kpgags + Koo (55)
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When analysing this multivariable controller, a minimal number of control pa-
rameters can be obtained , and simultaneously, the effective linear range of the
controller can be enhanced, if system cross couplings are reduced through con-
troller design. Therefore, it is an option to select off-diagonal elements in the
control law such that the w x h term is compensated by the generation of control
torque: Therefore the multi-variable design of the fine-pointing control law will
be based on a controller structure

N = Kp8ds + Ky + @ x h (56)

Finally, pointing errors should be kept zero despite external torque, and we
therefore introduce integral action as

. [t - .
N =K, (gq4 + pe / gq4dr> + (KpTd - h><) ) (57)
0

2.1 Controller model for linear analysis

In the linear analysis g4 = G4 = 1, and the controller to be analysed takes the
linear form

Nactri kacpgl + kgawi
Nyctrl = kypg2 + kydwl (58)
N.ctri kng?) + k.qwr

With integral action

~ 1
kzp (gl + Teawi + — [, gld7'>
N Txl
zctrl

- 1 -
Nycirt | = | kyp <92 + Tyqw2 + T_I fO gng> (59)
Nzctrl H

- |
k.p (.93 + Tzaw3 + 7__[ fo g3dT>

A state-space model of the controller and system is as follows where the integral
state within the controller is z

z=[0)z+1Ig (60)
1 .
Netry = —Kp} 2] + [ Kp Kpra ] { 5 ] (61)
L 7T w
[ 8.5944 0 0 -|
K, = 0 85944 0 (62)
0 0  2.0544 J
[ 172.0340 0 0
o= 0 166.7439 0 (63)
i 0 0 172.6387
[ 1.2903 0 0
T4 = 0 12506 0 (64)
0 0  1.2902
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cross coupling
compensation

Figure 1: Structure of one axis of the fine-pointing controller with integration
window, integrator anti-windup and possible selection integral feedback from
measured error quaternion.

2.2 Implementation

The implementation should be made robust to varying sample period and in
fluctuations therein, and integrator wind-up must be taken care of. Further, bias
is commonly encountered in a position estimate when linear filters (extended
Kalman filter) are used on a nonlinear system. This bias can either come from
non-perfect compensation in the estimator of external disturbance torques or
just from parameter uncertainty problems. Integration of the raw (measured)
attitude quaternion error could overcome such bias difficulties, while the filtering
of measurement noise is retained on the proportional and derivative parts of the
controller. Finally, target attitude (reference) and angular velocity reference
are input to the controller. The inclusion of a reference angular velocity in the
controller is motivated by generality.
The structure of the fine pointing controller is shown in Figure 1.

3 Fine Pointing Controller Performance

In this section the performance of the continuous fine pointing controller will be
analysed. The performance specification is given in the frequency domain, and
the analysis is most informative if presented in this domain.

The transfer functions from the various sources of noise and disturbance can
be obtained as Laplace domain operators. The pointing accuracy is determined

14
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Figure 2: Transfer function (gain) from torque disturbances to pointing error
g1- Solid line is for noise on satellite x-axis, dashed for y-axis and dash-dotted
for z-axis

from
9(s) = Hyg(5)gn(s) + Hyw (s)wn(s) + Hya(s)Naist (s) (65)

These transfer functions show the effects on the satellite’s pointing when subject
to measurement or estimation noise g, and wy,, and to disturbance torques from
wheels and satellite flexibility. The flexibility aspects were not considered in
this part of the study.

The transfer functions in Eq. 65 are functions of the satellite equations of
motion, Eq. 47 and of the controller Eq. 57. Using nominal parameters for
Rgmer, we obtain a set of nominal transfer functions from the various distur-
bances to the deviation from ideal pointing, §. Uncertainty of the satellite’s
inertia tensor will further cause cross-coupling between disturbance in one axis
to motion in others. Change of wheel angular momentum within the nominal
range for the wheels has a similar effect. Figures 2, 3 and 4 show the maximal
transfer functions that exist from noise and torque disturbances to g;. The max-
imal cross couplings are obtained using a worst case combination of parameters.

3.1 Disturbance Analysis
3.1.1 Wheel loop analysis

An assessment was made of a number of imperfections within the wheel control
loop. These included

15
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Figure 3: Transfer function (gain) from disturbances in angular velocity esti-
mation to pointing error g;. Solid line is for noise on satellite x-axis, dashed for

y-axis and dash-dotted for z-axis
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Figure 4: Transfer function (gain) from disturbances in attitude quaternion
estimation to pointing error g;. Solid line is for noise on satellite x-axis, dashed
for y-axis and dash-dotted for z-axis
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- torque fluctuation due to variation in transistor PWM modulation (turn
off phenomena)

- torque fluctuation due to magnetic field variation over a revolution of the
wheel

- bearing noise (torque)

- imbalance - static and dynamic

- speed decoding and possible speed/torque quantization from this noise
- toque quantization due to A/D conversion of command

- torque quantization due to resolution in PWM timing

- noise spectrum of sources of random disturbance

The assessment of the various sources listed was quite uncertain due to lack
of detailed information from manufacturer(s). Some general information is,
however, available from the literature.

It was concluded to consider the deterministic disturbance separately and
combine all stochastic effects in the manufacturers specification. The total RMS
value of torque noise is below 50 x 10" Nm. The spectral density is assumed
to be band-limited white noise giving the intensity

— m2
No(s) = { 1.5708-107108 for < 100 rad/sec (66)

0 for w > 100 rad/sec

Deterministic disturbances will occur from wheel imbalance. These motions
associated with this harmonic varying torque at fairly high frequencies will be
aliasing in both STR and MONS instruments. Since integration of the optical
instruments is physical, filtering can not be applied.

3.1.2 Estimation noise

Estimation of attitude quaternion and angular velocity is performed by a linear
Kalman filter based on measurements from STA and RGA. The spectra for
estimation errors of the three imaginary parts of the quaternion and angular
velocity are shown on Figure 6 where the small angle approximation sin ® = ®
has been used. The spectra are approximated by the transfer functions

Syy(s) = Hya(s)H . (5)Szz(s) (67)
where Hygt( _ 1.3(s+3) _ 1.3(s+3)
ngt(s) = 553 Hng2(s) = =553
HngS(s) = lsi(gt? (68)
Hpwrwa(s) = S5 Hyu(s) = 2520
Hpws(s) = 0?%%33)

See Appendix A for further details for the derivation of spectra.
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Figure 5: Single degree of freedom illustration of dynamics between wheels and
satellite.
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Figure 6: Transfer function used for noise generation for attitude and angular
velocity

3.1.3 Results

Deterministic Disturbances from Wheels The effects of wheel imbalance
are plotted in Figure 7. Results show a wide margin (about 500) to the specified
maximum. Since resonances in wheel suspension or satellite structure can be
poorly damped, certain frequencies could be amplified by a factor of 15-100
without reduction on scientific performance. We still have a margin to specify
wheels with less minute balancing without consequence for the scientific quality.
The figures specified for the new Dynacon wheels are a factor of 10 smaller
than reported from other wheels (Teldix), but even an optimistic specification
will be accommodated within the large margin.
Stochastic Disturbances
The effects of the total noise from RWA (Eq. 66), RGA and STA (Eq. 68)
on satellite attitude in the continuous system are shown on Figures 8 - 10.
All requirements are met for all frequencies and the RMS values lie within the
specifications with a factor of at least 14.7 (g2).

3.2 Uncertainty Analysis

The linear satellite model include a number of parameters that are not constant.
Further, some of the parameters are not known exactly. Both things result in
that the linear model of the satellite is not known exactly. These parameter
variations need to be included in the analysis of the closed-loop performance of
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Figure 7: The effects of wheel imbalance
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Figure 8: Power spectrum for g; and the performance specifications
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Figure 10: Power spectrum for g3 and the performance specifications
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the control system.

The angular momentum h; in all three axis are parameters that are not
constant, magnitude and principal axis of the inertia tensor I; are not known
exactly.

Due to the spinning up of the wheels, the angular momentum can increase
from 0 Nms to maximum at 0.5 Nms until momentum unloading takes place.
The nominal value used in the linear model for the angular momentum is 0 Nms
for all 3 axes. The A matrix in the linear model Eq. 37 is then given by

I;%Au, 00
A=| Ll 00
0 00

where I, is the inertia tensor and

0 ks b ]
Apw=1| hs 0 —h
o The om0 ]

with h; € [0 Nms, 0.5 Nms]

The variation with h; could be accommodated in the fine pointing controller,
according to Eq. 1, but it is useful to see whether such a compensation is
necessary.

The inertia tensor is not known exactly in the linear model. The diagonal
elements of the nominal inertia tensor are assumed to be known with an accuracy
of £10%. The inertia tensor is then given by

Liiag = diag(I11 (14 Ar1), oo (1 + Azz), I33(1 + Ass))

where [;; are the nominal diagonal elements in the inertia tensor and A;; are
the inertia uncertainties in the 3 directions. A;; is bounded by

|Ai] <0.1

Further, the direction of the inertia tensor is also uncertain. It is assumed that
the inertia tensor could be rotated within £0.1 rad., around any of the principal
axis of the nominal inertia tensor . The true inertia tensor is hence given by

_ T
Is - Arotation X Idiag X Arotation

where A,.otqation 1S the rotation matrix given by

1 v -0
Arotation = _1/} 1 ¢
0 —-¢ 1
for small rotations. It is assumed that the 3 angles are bounded by:
|| < 0.1rad
0] < 0.1rad
o] < 0.1rad
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All together, the model include 9 parameters that are uncertain, the angular
momentum in 3 axis, the 3 diagonal inertia parameters in the inertia tensor
l4iag and the 3 rotation angles for the rotation of the inertia tensor.

The analysis of the robustness/performance of the closed loop system can
be done in two ways. The analysis can be done directly by evaluating the closed
loop system in a number of working points or the analysis can be done by using
analytic norm based methods. The first approach was taken when calculating
the plots shown in Figures 2 - 4 and 8 - 10. The closed loop system was evaluated
in 19683 (3°) points, varying the 9 uncertain parameters to obtain the worst
case situation. It was shown that the performance conditions are satisfied at the
entire boundary of assumed parameter variation. However, this approach will
not guarantee that there does not exist a combination of points of the parameter
space that could reduce the closed loop performance.

Using a norm based analysis method, it is possible to give guarantee for
robust performance of the closed loop. However, such analysis is usually con-
servative due to the way uncertainty is modelled. The analysis is applied to
indicate if there is any robustness problems in the closed loop system and where
these problems could be. The technical means to analyse the robustness is a
plot of singular values.

1. Uncertainty model for inertia
In connection with the robustness analysis of the system, it does not make
sense to consider the 3 axis separately. Therefore, the analysis is derived for the
overall system. This means that all 3 axes are included in the analysis.

A single full uncertain block is selected to describe the model uncertainty in
the linear satellite model. We describe the uncertainty as an inverse multiplica-
tive uncertainty block at the output of the system,

G(s) = (I + A(s)) ™ Go(s)

where G(s) is the real system, Go(s) is the nominal system and A(s) is the
uncertain block.

In the case when only the elements in the inertia tensor are uncertain, an
upper bound for the A block can be calculated to:

5(A(jw)) < 0.17, Vw

2. Uncertainty from variations in h

Regarding the variations of h;, it turns out that using a single block for the
description is indeed conservative. The variation of the angular momentum h;
in the linear satellite model will introduce two pure imaginary poles. When the
variation of h; is included in the calculation of A, the upper bound will increase,
in particular at low frequencies. The bound is above 1 at low frequencies, this
means there could be more that 100% model error. A more detailed description
of the uncertainties in the system is hence needed to obtain non conservative
bounds. Therefore, it is not useful to use the bound for A in this robustness
analysis.
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3. Analysis
The analysis is derived by calculating a suitable norm of the closed transfer
function matrix. The setup for the analysis is shown in Figure 11. The perfor-
mance specifications is given by the transfer function matrix between the input
vectors Ndist, Npoise to the output vector y. Wy;st and Wiyise are weight ma-
trices that specify the performance requirement. The transfer function matrix
between the input vector v; and the output vector y gives the robust stability
condition. W is the weighting matrix for the perturbation block Ay, where A
is given by
A=Wal,, A <1V

W is constant.

Naist
v
Wdist WA - AS
Y
Cont. O Sat. O

M)
S~

Wnoise

Nnoise

Figure 11: Setup for robust performance analyse

The analysis can now be derived by calculating a suitable norm of the com-
plete closed loop transfer function matrix as function of the frequency. The
used norms are the induced 2-norm and the induced infinity norm. The in-
duced 2-norm (also known as the oco-norm) is normally used in connection with
robustness analysis. The induced infinity norm is closely related with the spec-
tral analysis shown earlier in this report. It is defined as the maximal row sum
of a matrix.

The system satisfy robust performance within the requirement if the norm
of closed loop transfer function matrix is smaller than 1 for all frequencies.
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An analysis of the nominal performance (Wa = 0) is shown in Figure 12. It
is seen that both the induced 2-norm and the induced infinity-norm (as function
of the frequency) of the closed loop system are below 1 at all frequencies, as
desired. The maximal value of the curves is found around 0.4 rad/sec. This is
in accordance with the power spectrum in Figures 8 - 10.

Nominal performance analysis - WA =0.0

10 T T T

4 I I I I I

10" - -
10 10 10 10 10 10 10
Frequency [rad/sec]

Figure 12: Nominal performance analysis of the closed loop system. The induced
2-norm (solid line) and the induced infinity norm (dashed line) are shown for
the system.

An analysis of robust performance is shown in Figure 13 for
Wa =0.2

Both curves are again below 1 which indicates that robust performance is ob-
tained for an inverse multiplicative perturbation at the output with magnitude
of 0.2. A larger uncertainty will cause the curve for induced infinity norm to ex-
ceed 1 so W = 0.2 is the maximum uncertainty for which robust performance
is obtained.

In conclusion, this robustness analysis shows that we can guarantee robust
performance for all variations in the inertia tensor.

Regarding the variations in the angular momentum, it is not possible to
guarantee robust performance from results of this analysis. However, it is pos-
sible to remove this effect entirely by adding the suggested compensation term
in the controller, Eq. 1. It is hence necessary to include the compensation term
—w X h in the fine-pointing controller.
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Robust performance analysis — WA =0.2
0
10 T T

norm(T)

10° 107 107 10° 10" 107
Frequency [rad/sec]

Figure 13: Robust performance analysis of the closed loop system. The induced

2-norm (solid line) and the induced infinity norm (dashed line) are shown for
the system.
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4 Analysis of Discrete Fine Pointing Controller

The discretisation is based on the continuous control system designed in section
2 and the linear plant model from section 1. The linear plant model is discretised
using a zero order hold network and the controller is discretised using Tustin
approximation. The sampling time is T = 1sec.

The analysis will be performed with respect to

e Nominal stability

e Nominal performance
e Robust stability

e Robust performance

The functional block diagram used for the analysis is shown on Figure 14

Reaction Wheel Noise

y(n)=Cx(n)+Du(n)
x(n+1)=Ax(n)+Bu(n)

Reference
Quaternion

Controller

Measurement Noise
Sampler Star tracker + Rate gyros

Figure 14: Functional block diagram for discrete controller analysis. measure-
ment noise is from the attitude determination.

4.1 Nominal plant

Nominal stability is examined by observing the poles in the discrete closed loop
transfer function

T(z) = Go(2)K(2) (Isxs + Go(2)K (2)) " (69)
where
Go(z) = z{G(s)Gnp(s)} (70)
_ efsT
Gh(S) = % I3><3 (71)

and G is the plant, G}, is a 'zoh’-network, K is the controller and z{G(s)G(s)}
denotes the z-transform of G(s)G,(s). All poles for this closed loop system lie
within the unit circle.
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4.2 Estimation noise

Estimation noise propagates through a system with both continuous and discrete
states. An expression for the influence from estimation noise to continuous
output g(s) is

g(s) = Go(s)(I+ K(2)Go(2)) ' K(2)N,(2) (72)
= Go(s)S(2)K(2)N,(2) (73)

where 8(z) = (I + K(2)G,(2))”" and N,(z) denotes discrete estimation noise.
The spectrum for this transfer function is found by first finding the spectrum
for the discrete part of the system, which is then multiplied by the spectrum for
the continuous part of the system.

Stot(f) = SG(s) (f) ’ Szoh(s) (f) ’ SSK(z) (f) (74)

Applying the estimation noise spectra from Figure 6 to the total spectrum
yields the noise on three imaginary components of the output quaternion in
Figure 15.

Powerspectrum of g and requirement (White noise q and w)
T T T

ftotal for g1: 4.95 arcsec RMS
total for g2: 4.97 arcsec RMS
total for g3: 9.52 arcsec RMS

107

Power density [arcsec?/Hz]

1078 L L L

Frequency [rad/sec]

Figure 15: Spectra for g(s) due to estimation noise

4.3 Wheel noise

The output spectrum caused by the reaction wheel noise, IN,, is now analysed.
For a start the system will be considering the system as an entirely discrete
system so the output noise can be found from the expression

9(2) = S(2)Go(2)Nu(2) = (I + Go(x)K(2) ' Go(2)Nu(2)  (75)

Applying the wheel noise (Eq. 66) to Equation 75 yields the output spectra
in Figure 16. The requirements are met for the three axes with a good margin.
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Noise spectrum of g due to wheel noise
10 T T T

q3 required below: 360 arcsec RMS

10° ~ . S B

10% | g1 1.7 arcsec RMS ~ o ~_d

q2: 1.74 arcsec RMS ~

Power spectral density [arcse&/Hz]

" [g3: 7.13 arcsec RMS

10"
Frequency [rad/sec]

Figure 16: Spectra for g(z) due to wheel noise

However, the noise source is continuous and so is the output. Therefore the
relation between a continuous input and continuous output through a discrete
system should be considered. This is expressed as

g(s) = G(s) | Nw(s) — Gu(s)K"(s) (I + Go(2)K(2) ' Z{G(S)Nw(S)}] (76)

where z{G(s)N,(s)} means the z-transform of G(s)IN,(s). This expression
yields the Laplace transform of the output signal, but what we need is the
output spectrum which is found from the expression

Sgg(8) = Hyu (5)Hgy (5)Swu(s) (77)

where H(s) is the transfer function from wheel noise to output and Sy, is
the spectrum for wheel noise. It is, however, not possible to extract a transfer
function from Eq. 76 that can be complex conjugated and multiplied to the
wheel noise spectrum. Instead the square root of the actuator noise is used in
Eq. 76 and the output spectrum becomes

Swl®) = |66 [VNG) - GUOK () T+ Go()K ()"
AGE)V N[ (73)

The output spectra for the three quaternion components due to wheel noise in
a continuous/discrete system are shown in Figure 17. The high values of low
frequency noise on the plots are due to numerical limitations in Matlab and
should not cause any concern.

A plot showing performance of the nominal system including all disturbances
from reaction wheels and estimation noise can be seen on Figure 18. The margins
towards the specifications are now reduced to a factor 14.5 compared to the 14.8
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. Powerspectrum of g and requirement (white noise Nw)
10 T T T

a1 and g2 required below: 72 arcsec RMS ~

total for q1: 0.0989 arcsec RMS S~
2 | total for q2: 0.101 arcsec RMS T~
total for g3: 0.414 arcsec RMS

Power density [arcsec?/Hz]

10 . . . . .
107 10 10 10
Frequency [rad/sec]

Figure 17: Spectra for y(s) due to wheel noise in a continuous/discrete system

for the continuous system but performance is still obtained with a large margin.
Discretisation of the system is thus seen not to have a significant effect on
performance for the nominal plant.

Powerspectrum of g and requirement (white noise Nw, q andc)
10 T T T

10 ftotal for q1: 4.95 arcsec RMS
total for g2: 4.97 arcsec RMS
total for g3: 9.53 arcsec RMS

10" -

Power density [arcsec?/Hz]
s
5

10 L L L L L

Frequency [rad/sec]

Figure 18: Spectra for g(s) due to wheel and estimation noise in a continu-
ous/discrete system

5 Perturbed Plant

Robust stability is analysed by observing the closed loop pole positions as the
inertia matrix for the satellite is varied as described in section 3.2. It is assumed
that the term —w x h from the angular momentum of the wheels are counteracted
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by the control system and can be neglected in the stability analysis. The poles
can be seen in Figure 19 where it is seen that they all stay within the unit
circle. The same analysis has also been derived by calculating the sampled-data

081 il

0.6 b

04t —

0.2r- q

-08f —

Figure 19: Pole positions as parameters are varied

Hoo norm of the controlled satellite (the sampled-data H, does not exist for
unstable sampled-data systems). This analysis verified this result.

For analysis of robust performance the same variations of the inertia matrix
as for robust stability are applied. The power spectra for the imaginary com-
ponents of the output quaternion driven by the noise sources can be seen in
Figure 20. The performance requirements for the perturbed plant are met with
a margin of a factor 13.4.

Powerspectrum of g and requirement (white noise Nw, g and @)
10 T T T T T

total for q1: 5.36 arcsec RMS
total for g2: 5.37 arcsec RMS
ftotal for g3: 11.3 arcsec RMS

Power density [arcsec?/Hz]

10 I I I
3 B 3 107 10
Frequency [rad/sec]

Figure 20: Spectra for g(s) due to actuator and estimation noise in a perturbed
continuous/discrete system
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The fine pointing controller from section 2 has been discretised and analysed
with respect to nominal and robust stability and performance. For analysis the
system has been considered as consisting of both continuous and discrete states.
Effects from estimation noise and wheel noise have been included. Estimation
noise has been considered as discrete noise while the wheel noise has been treated
as continuous noise. Robustness has been analysed by varying parameters of
the satellite inertia matrix while assuming that uncertainties in the wheel an-
gular momentum has been counteracted by the control system. The closed loop
system is stable and meets all performance requirements with a large margin.

6 Variation of the Sampling Period

The analysis of the influence from variation of the sampling period will be
performed with respect to

e Nominal stability

e Nominal performance
e Robust stability

e Robust performance

The analysis will be derived with a variation of the sampling period of
+0.25sec. with respect to stability anf for a sampling variation of of £0.1sec.
with respect to performance.

6.1 Nominal Stability

The analysis of the system gives that the nominal system is closed loop stable
for a variation of the sampling perion of £0.25sec. Again the analysis has been
derived by a calculation of the closed loop poles for the sampled-data system
with a variation of the sampling period. The sampled-data H ., norm has been
used.

6.2 Nominal Performance

The nominal performance analysis for a variation of the sampling period of
+0.1sec.

6.3 Robust Stability

The robust stability analysis has again been derived for a variation of the
sampled-data period of +0.25sec. The sampled-data system is still stable for
a variation of the sampling perion with +0.25sec. together with a variation of
the system parameters as described above.
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6.4 Robust Performance

The closed loop performance of the satellite is very sensitive to variations in
the sampling period. The analysis of the robust performance is derived for a
sampling period at 0.9sec. and 1.1sec. respectively.

7 Main telescope pointing

The ultimate objective of the finepointing controller is to maintain the image of
an observed star within the desired area of the MONS telescope CCD.

ACS available measurements are are processed by the attitude determination
subsystem, based on star tracker assembly STA with two heads for observation,
STA1 and STA2. Rate gyro units are available as angular rate feedback, but
are not essential for the steady state pointing accuracy.

The reference coordinates for the star under observation are sent by ground
command.

The generation of reference given to the FPC, or the ADD subsystem must
provide proper handling of

e initial misalignment between STA1, STA2, MONS,

e thermal or otherwise generated offset between boresight of STA1, STA2
and MONS,

e bias of the ADD estimate

This section deals with the reference system architecture used for the FPC
controller.

The present design does not include MONS information in the attitude de-
termination. The FPC should therefore acquire this through the reference gen-
eration.

Different ideas have been proposed on how to generate the reference:

1. Update the reference whenever the MONS reports the image outside a
define region (deadband)

2. Investigate slowly, say once per minute whether a reference update is re-
quired

3. Use the MONS information whenever available, i.e. every 4 seconds when
an image is processed.

Each of these possibilities were analysed and simulation results illustrate the
principal behaviour.

Figure 21 shows the architecture of the reference subsystem. The input
shown to the FPC + satellite block is the reference. The reference is generated
by incrementing a counter (integrator) by an adsustable increment proportional
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Parameter Fig. 22 | Fig. 23 | Fig. 23 | Fig. 23 | Unit
deadzone +/-50 +/-50 +/-50 0 arcsec
ref. countergain | -0.005 -0.001 0.01 0.01 st
ref. prop. gain | 5 5 5 5 s 1
update interval | 60 60 0 0 S

Table 1: Parameter values in reference system simulation

to the offset measured by MONS. The MONS subsystem must provide a direc-
tion indication of where to find the star when outside the MONS main telescope
field of view. A deadzone and an update interval are simulated - the parameters
in these blocks are adjustble in the simulation.

To show the properties of the different elements in the architecture, an offset
of MONS is simulated. When FPC is activated at time 50 sec, the offset has a
magnitude of 600 arcsec. The window of MONS is 360 arcsec.

Three cases are shown in Figure 22 and 23. The reference gain is the same
in all plots except the first, where a large limit cycle is generated.

It is seen that the combination of integration in the loop, a limiter and a
deadzone give the possibility of instability or a constant limit cycle of several
times the MONS window with nonzero values of deadzone and reference update
timer. The reference counter gain determines which of these conditions the loop
will have.

A smooth and stable response is achievable when the deadzone is avoided
and the reference update timer is set to zero. Filtering of any MONS noise
is done in the integration provided by the counter. Appropriate gain is to be
abblied.

The algorithm is as follows:

Qref = Qrefema X (jmons . (79)
(jmons = Kpref‘jmons + fO qmonsdt

The integral part should be protected against wind-up.

Gmons 18 raw output from MONS, the error quaternion with saturation. The
combined MONS and field monitor observation/soft ware provide this informa-
tion.

The conclusion is that the reference generator with only a reference update
gain and a counter works satisfactory. Neither deadzone nor update dely should
be used in the reference generator. It is also concluded that MONS or the
reference generator must output a signed error (error signal with saturation)
when the desired star is outside the MONS field of view.

8 Conclusion

The control system was analysed in a discrete time implementation, the per-
formance of the system was analysed and the sensitivity to disturbances and
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Figure 23:

measurement related noise were scrutinized, based on quoted performance of
reaction wheels and rate gyros. Effects of sampling time fluctuation, satellite
inertia uncertainty and alignments contribute to the build requirements of the
satellite. The overall finding is that the fine-pointing requirements of the MONS
experiment can be met with adequate margin when reasonable design require-
ments are met. The major uncertainty that remains is the magnitude of wheel
torque disturbance.
An analysis of reference generator for the system has also been derived.

A Random variables and stochastic processes

In the analysis of pointing accuracy, we need to model the noise sources. The
noise form the star imager is a discrete-time process, but the noise from other
sources, including rate gyros and momentum wheel torque disturbances are con-
tinuous by nature. This appendix deals with the characterisation of stochastic
process in continuous and discrete time.

A.1 About stochastic signals

Stochastic signals have a random variation and are described by two main fea-
tures:

e The amplitude distribution

e The time and frequency domain properties.
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By random we mean that there is no way to predict an exact value at a
future instant of time.

A.2 Amplitude distribution.

A random process can be characterized through the amplitude of measurements
taken as a time sequence. The properties can be fully determined by calculation
of the moments of the process:

P, = /_00 x"p(x)de (80)

where p(x) is the probability density function of the signal, and x the amplitude.
The first moment is the mean value,

p= [ epteyis (s1)

The mean value is thus the weighted linear sum of x(t) over all values of x.
Similarly, the second moment, which is also referred to as the variance is

o? = / 22p(z)do (82)

A Gaussian process is one with a probability density function with mean
value p and variance o2 , given by

p(z) = N exp <_M> _

o127 202

A.2.1 Continuous-time processes

An important property of a stationary random v(t) process is its autocorrelation
function,
Ryy(1) = E{v(t)v(t + 1)} (83)

A periodogram is the Fourier transform of the autocorrelation function of the
process taken over an interval [—T,T]. The ensamble mean of periodograms is
the power spectrum of the process,

T o]
Syp(jw) = lim < - m) Ryo(1)e 947 dr :/ Ryo(T)e™Tdr  (84)

T—o00 _T T

Likewise, the autocorrelation is the inverse Fourier transform of the mean
spectrum

1 ° ]
Ry (1) = %/ Spv(Jw)e?* T dw
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The variance of the stationary process is the area of the power spectral
density function, hence total power of the signal,

1 oo
o2 = L / Suo(jw)deo = Ruy (0) (85)
2r J_
Example 1 Consider a process with an exponential autocorrelation function
Ryy(7) = a?e A7l (86)

where the constant [ is positive. The power spectrum of this process is
S .
Spv(Jw) :/ a’ePlmle=ivTgr
— 00

o) 0
= a2 / e BHINTqr 4+ ¢? / e (TBHIOT gy
0 —00

a? a? 2a2

T BHjw Bt Pt

The variance of the signal is

1 [ 24?8
2 _ _ 2
Opp = % . mdw =a (87)

Remark 2 A stationary Gaussian process with exponential autocorrelation func-
tion is called a Gauss-Marcov process in the literature.

Remark 3 It is emphasised that all calculations in this appendiz are showh for
the two-sided power spectrum (extending over negarive and positive frequencies).
A.2.2 Response of a linear system

Let a linear system have the transfer function (Laplace transform) H(s),
y(s) = H(s)z(s) (88)

the, the power spectrum Sy, of the output y, is related to that of the input S,
by
Syy(jw) = H(jw) H(=jw)See(jw) = |H(jw)[* Suz(jw) (89)

Note that the amplitude transfer function is squared when the relation between
input and output spectra is calculated.
A.2.3 The white noise abstraction

White noise in continuous time is an abstraction where the autocorrelation
function approach the dirac delta function

Ry (r) = Jim Qie™"™! = Qid(r) (90)
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White noise has a constant spectral density function (flat spectrum),
Spv(w) = Q; (91)

If the white noise signal has constant spectral density for all frequencies, we
have defined a signal with infinite variance.

To avoid mathematical difficulties, a stochastic process that is formally the
integral of a white noise process is introduced

w(t) = /0 o(r)dr (92)

w(t) is called a Wiener process, and the infinitesimal increment dw(t) = w(t +
dt) —w(t).
The mean of w(t) is zero because

E{w(t)} = E{/O v(u)du} = /0 E{v(u)}du =0 (93)

The variance of w(t) is
E{w(tyw” (t)} = B /0 v(t)dh /0 v(ta)dts) (94)
- /t /tE{v(tl)v(tg)}dtldt2
0 0
_ / / Qib(ty — to)dtidts = Qit

A.2.4 Bandwidth limited white noise

When evaluating given characteristics, e.g. for the rate sensor, it is useful to
introduce bandlimited white noise is a random process whose spectral amplitude
is constant over a finite range of frequencies, and zero outside this range. A noise
source that has a finite spectral density down to zero frequency, and a bandwidth
of wp [rad/s] is defined by

_J 4 |wl<ws
Suo(w) = { 0 |w|>ws (95)

The corresponding autocorrelation function is

R(r) = 4w_3qi sin(wpT)
2T wWBT

If a signal is characterised by having a power (variance) of o2 and the band-
width wg, [rad/s] then

127
=—-—9o

= 3um (96)

qi
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If the bandwidth is 27 fg where fp is in [Hz], the intensity is

The unit of the spectral density ¢; is [amplitude?® x s].

A.3 Discrete time

Simulation and discrete-time computations require a representation of a stochas-
tic sighal sampled at time intervals 7', the sampling time.

A.3.1 Sampling a linear stochastic differential equation

Consider the differential equation
z(t) = Ax(t) + Bo(t) (98)

where v(t) is a zero mean white noise process with intensity @;. The autocorre-
lation of v(t) is Ryy(t1 — t2) = E{v(t1)vT (t2)} = Q:6(t1 — t2), and the variance
is infinite as discussed above.

With the introduction of the Wiener process above, and the infinitesimal
increment dw(t) = w(t+dt) —w(t), the differential equation (98) can be written

dr = Azdt + Bdw (99)

Integration of (99) over one sampling period, T', yields
(k+1)T
z((k+1)T) = eAT2(kT) + / eAFDT=) B day (s) (100)
kT
Define the random variable
(k+1)T
e(kT) :/ eAUREDT=8) gy (5).
kT

It has zero mean because w(s) has zero mean. The random variables e(kT')
and e(iT") are uncorrelated for k # i, because the increments of w over disjoint
intervals are uncorrelated. The variance of e(kT") is given by

Q.. = E(e(kT)e(kT)")

(k+1)T  (E4+1)T
_E/ / A((k+1)T—s)Bdw(s)dw(t)TBTeAT((k+1)T—t)
kT kT
(k+1) T
:/ AT B BT AT (k41T 5) g
kT

T
= / eABQ,B e Tdr (101)
0
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Thus the sampled data model associated to (98) can be written
z((k + 1)T) = e x(kT) + e(kT)

where e(kT) is a sample of a discrete time white noise sequence with variance
given by Eq.101.

Calculation of the variance Q.. when sampling the continuous signal with
intensity Q; follows from integrating Eq. 101. With the usual approximation
of the matrix exponential

1
eAT =1 AT + 5A2T2 — .. (102)

A rapid approximation is to include only one term in the series expansion. This
gives the first order approximation

Q.. ~ BQ,B”T (103)
for the variance of the variance of the discrete time noise source. This result is
used in simulations.
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