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« Spread out over about 176 acres

« Approximately $2.2 B Business Base ($1.6 B in 2009)
« Over 5000 employees and contractors

« Under NASA contract but managed by CalTech

« Supported by proposals to do work

* About 15% to 20% of work is non-NASA (Military, Civil,
etc.)

« JPL is a non-profit organization (FFRDC)

* The lab has been around for about 78 years




1st U.S. satellite 1st close-up images of 1st fly-bys of Neptune and Uranus
Explorer 1 - Jan 28, 1958 another planet Voyager 2 - 1986 & 1989
Mariner 4 to Mars - Nov 1964

1st U.S. spacecraft to the moon 1st orbiter at another planet 1st orbiter at Jupiter
Ranger 7 - Jul 28, 1964 Mariner 9 to Mars - May 1971 Galileo 1979 - 1989

1st planetary mission 1st gravity assist mission 1st orbiter at Saturn
Mariner 2 to Venus — Dec. 1962 Mariner 10 to Venus - Feb 5, 1974 Cassini 2004 - present
Cal Poly Talk

(reder@jpl.nasa.gov)
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Mars Rover

First Rovers on Mars:
1.Curiosity Mar Science Laboratory — 2012
2.Spirit & Opportunity Mar Exploration Rovers — 2004

3.Mars Pathfinder - 1997




Cassini

CloudSat

Cal Poly Talk
(reder@jpl.nasa.gov)

On behalf of
NASA, JPL is
responsible for
operating 15
spacecratft, 2
Mars rovers, and
numerous
science
Instruments that
today are
surveying the
solar system and
beyond.

APL




PlanetQuest SIM Planet Finder (TPF)
Mission Concept Mission Concept




My Background
 BSEL Degree Cal Poly San Luis Obispo, CA. (1981)
« Joined JPL in radio Interferometry and adv. receiver
research groups (1982-1985)

« MSEE University of Southern California (1990)
v' Concentrated in DSP and Image processing

- 16 years outside JPL (1985-1999):.
v' Computer start up company (Symbolics).
v" Navy R&D real-time detection processors.
v" Worked for a film studio (Warner Bros.)

- Returned to JPL to work in the optical Interferometry group
(1999)

v' Real-time software engineer for Keck Interferometer Project
o Fast Delay Line Control, Sequencing, and Science Automation

 Transferred to JPL Flight Software (FSW) section (2007)

v" Mars Science Laboratory (Curiosity) flight/ground interface lead
v" Too many small tasks to count
v' Currently in Small Scale FSW Group working DoD and R&D tasks




Deep Space Network Antenna

(70 meter diameter)

Three locations -
— 120 deg. Apart

— Goldstone, CA.

— Madrid, Spain

— Canberra, Australia

1966 support of
Mariner 4

Used to track Apollo
and every major
robotic planetary
mission

Other Science: f
— Interferometry http://deepspace.jpl.nasa.gov/dsn/

Cal Poly Talk
(reder@jpl.nasa.gov)



http://deepspace.jpl.nasa.gov/dsn/

| First Experiences At JPL
o (1982-1985)

M, =Zgn ‘-:t':/ :THE FAST FOURIER
TRANSFORM

E. ORAN BRIGHAM

’ b
7MW 0,1 gmiem’
- 1 !

BRIGHTNESS TEMPERATURE, K

Joined a Adv. Receivers Research
Group in 1983
« Advanced high dynamics GPS

~s receiver demonstrations
Dual Channel Water Vapor Radiometer « Advanced Doppler ranging of

With cover removed from Microwave projectiles for war game scoring
package - Basically spent the next 2 years
« 22 & 32 Ghz measurement channels developing FFT codes for

« Water Vapor Delay produced for VLBI TMS32010 prototype hardware.

« Z80 based pointing & data acquisition of
Cal Poly Talk

noise measurement's
(reder@jpl.nasa.gov) N




Symbolic’ s (1985- 1988)

Hired by Symbolics Graphics Div. as Video

Analogy/Digital Board Designer
» First hardware pan/zoom FPGA
« First HDTV processing (2K line displays)
« Bit mapped color graphics interfaces
* Video genlocking

Symbolics .com domain registered on
March 15, 1985 is first computer domain in
the world

First commercially available workstation
Optimized to run LISP language

Spin-off from the MIT Al lab

Stanley & Stella
Siggraph 87 Demo

Cal Poly Talk
(reder@jpl.nasa.gov)

Symbolics 3640 G-Machine

e



https://youtu.be/lRdcUU28sNY

Arete (1988-199%

* Hired as a Real-Time
Processor Engr. . -
« Goal to demonstrate =
companies U. S. Navy P3 Aircraft | L WAVEFORM

algorithms within
field applications i

- \;

FIRST QUTE =1 BEIP INTERVAL =1
FIRST SEOT = | RASTER SCALN(c/in) =1

Laser Radar scan patter
and return waveforms

LIDAR Real-Time
Detection processor

and display = _
Integrated into P3 Integration & test In
Image of a mine-like Real-Time processing

object detected by Laboratory, Sherman Oak@

matched-filter algorithm Cal Poly Talk
(reder@jpl.nasa.gov)




Arete (1988-1996)

« Supported IR simulation
and animation of demo
movies

« This is what happens
when the wavelength
with a physics based
simulator is tuned to
visible wavelength

« Sold technique to motion
picture industry

* Free Willy
Cal Poly Talk

* Titanic (reder@jpl.nasa.gov)




Warner Bros. Feature Animation Div.

> e
FAMILY T s ESTERTAINMENT

BUGS m
BUNNY JORDAN

Hired as a Post-Production Technology
Lead Engineer
» Dual reporting: WBFA Technology
Director, Post-production supervisor,
and Editor of each production
« SW tools
* Processes
« Media data flow = -
 Film recording B S v
» Digital dailies playback -

R
=
i )
I 17|
i

4 3
-2

12|

_Lg sl
nes for Sequence 21.0

q 21.0, Scene 002.00, Take 01, Clean Up Animation
| Dounoadiy 74 fos Move
Dovi lay 30 fps Movie

oS 1 Sequence 21.0, Scene 003,00, Take 01, Ruff Animation &=
P> Dmtnloadé]ﬁtax 24‘!naMmm‘ -
‘ Dowinload/Pfay 30 fps Mo

Sequence 21.0, Scene 004,00, Take 04, Final Animation
Dowinioad/Piay 24 fps Movie
Dovinload/Play 30 fps Movie

Last Modified and Sorted into Scene Order on: Tue Dec 30 19:16:08 PST 1897

 Last stop for technical problems e e s et gt o
: Cal Poly Talk Images courtesy of:
SOIUtlonS (reder@jpl.nasa.gov) Warner Bros. Feature Animation, 1999 ’
Society of Motion Pictures And Television Engineers




Keck Interferometer
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* Returned to JPL 1999 to join Real-Time Interferometry
Software Group to develop the Keck Interferometer.

* Twin Keck Telescopes on Mauna Kea Summit, Hawalii.
« 10m diameter telescopes with full adaptive optics (AO).
« Wavelengths 1.2 um to 10 um (AO operates in visible).

« Science: nulling, differential phase, astrometry, imaging.
— Goal: detection of Jupiter sized exoplants

* First fringes with Keck Telescopes March, 2001.

19 March 2020 14 @




Inside the Dome

19 March 2020 15




Astrometry (Measured Position) with a

Michelson Inteferometer

B For perfect mterference
we must have d =

B Ifwe know S and B.we

\é q know what to set d to.
B Conversely, if we know B
B

and measure d, we can learn
something about S.
M If we do this for 3

AN Ve U _ .
different values of B, we

Optical Delay

Fringe Camera

19 March 2020

+ can completely determine
S.

Beam Combiner

16




Interferometer Major Components

Beam Transport Optics

(Coude Train)

B 11| s;,
J!-,-'rj;‘ | s
-

Angle Tracker (KAT)

Cal Poly Talk
(reder@jpl.nasa.gov)




Screenshot showing Rhapsody CASE Tool

State Machine or Object

| Model View | Model Graphical Views

' Rhapsody in C++ by I-Logix Inc. - [Statechart of : ¥SquaredSubsystem] gl x|
=5 File Edit WYiew Code Layout Tools indow Options Help _|ﬁ||ﬂ

SH| /RB(&2 (0| MW QRQAELE|X [THYFra9f % 2k
! ! F |taget_SOLERIS |targetsOLARIS =l ”@ 3 Bw | ”TJJE y

#-E3 Gomponents =]
B2 Phckages

- elperClasses

- R W sternal

EI@ KRTC_Sequencers
=B Classes
.- Fdlkarg_I

ft_TELEM
FeSubsyskenn

kakd_T

katO_TELEM
kat0Subsystem
katl T

E katl TELEM

- kat1Subsystem

B =

7 ttm_TELEM o
(-, ttmSubsystem
- vSquared_T

[, wSquaredsubsystem
[+ / Events

= EI Object Model Diagrams
- ~BE FOL_TARGET_OMD

iI I | E quuaredS...lE quuaredS...lE quuaredS...lE wSguareds. .. EquuaredSu...l
[ [ | [Maon, 31, Mar 2003 [5:11 PM

L

CELFR~ l [ CELRETIE: ]| nmlm.ml

D]&]I]]I]]&]I]]

ECOURETER G
ccccc

clon co_pacntir |

R

1l |
E
@aB |[WREO @20 |BL 0|4

21 June 2004 Leonard.J.Reder@jpl.nasa.gov 18




Smaller Projects

Rover Analysis, Modeling,
and Simulation

ChaseView Rl

Lake Tahoe Buoy
Satellite Sensor
Calibration and

Validation

Laser Spectrometer
Absorption Instrument S8
Ready for Flight out of s
Van Nuys Airport

pllone nhPrtRhotollSA
100 150 200 250 300 350

Target Detections ,-Alg-orith ms

Cal Poly Talk
(reder@jpl.nasa.gov)



Mars Science Laboratory Model

« Joined the Mars Science Laboratory project in 2006
« Transferred to the Flight Software Section in 2007
* To Lead FSW Flight/Ground Interface Automation Effort

Cal Poly Talk
(reder@jpl.nasa.gov)




MSL Project Overview

Science

Focus on Past & Present Habitability of Mars

Highly Capable Analytical Laboratory

Next Generation Remote Sensing & Contact Investigations
Suite of Environmental Monitoring Instruments

Technical Capabilities
One Mars Year surface operational
lifetime (669 sols/687 days)
Discovery Responsive over wide range of
latitudes and altitudes
Precision Landing via Guided Entry
Skycrane Propulsive Landing
Long Distance Traverse Capability (20 km)
Flexible & Robust Sample Acquisition &
Processing

Cal Poly Talk
(reder@jpl.nasa.gov)




MSL Automatic Code Generation

Embbed System
* VXWorks/C Impl
* Multi-threaded

* Module to module
message based

« Python tools generate tested and well understood patterns
* Rapidly implement new framework code via automation
« Use of design patterns to enhance maintainability

— Visitor pattern allows adding new output products

— Template language “Cheetah” allows rapid prototyping
 Based on MER legacy

August 16, 2007 Leonard J. Reder Page 22
(reder@jpl.nasa.gov)




Auto-Code Generation Process

|
|
Hand Cod i
ana Loae Command &
@ Internal ‘ Telemetry ps!

=y

. ﬁ =

Anomaly Reports
<: Formulate
New

Define
Interfaces
Cmds &
Telemetry

=

Requests

Command &\
Telemetry XML

& New Capability
Requirements

August 16, 2007 Leonard J. Reder Page 23
(reder@jpl.nasa.gov)




Define
Interface

Auto-Code Flow Overview

/Auto-Generate Code\

vid.xml

/ Hand
Code
Internals

~

i

Build
FSW

ac_vid VID ac FSW
:> Source

n
~

channel.xml

Ipc.xml

-

dp.xml

J 4ok

I C
evr’ s in codeI

~ L

=

(o o

EHA ac FSW -
Source L

sys_telemetry

4

—

Dictionarieq

ac_eha_merge

 — | Autocode
Tools
3 Input / generated
XML
- Generated
FSW Source
code
—p

= et

mmms  cha handcoded
Internal code

=

L\
™ . II
ac_ipc I:> fsw_command

S

IPC ac FSW
Source

[ oy command |

4

ac_cmd_merge

( Test

cmd handcoded
Internal code

LN
v:ws

S

E

DP ac FSW
Source L

sys_dp

dp handcoded
Internal code

E

EVR ac FSW
Source L

ac_evr_extract I:>

i

u:F16,2007

ac_evr_merge

FSW Build
> e M ESW O
A
E:) apid.xml IL >
>

>

Y
S

- Re

(reder@jpl.nasa.go

r
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2 )




Lunar Surface Operations Simulation

/5. Parametric

\Power (Watt-hours)
o0 o 0@ oo

ShaklatonLocation (meters)

)
“ 4. Simulation




Veriflable Requirements Process

Flight Software
Development

Python Simulation
of StateCharts

T B e Ut o e Toor e Temmh e 1o

* Python Executable Statechart Capability
e d Immediately simulate of behaviors

O Use common models between Systems and
| Flight Software Engineers

i [ State transition trace GUI produced from
model

O Small percentage of manual coding

O Ability to run the model stand-alone

e
et
cvaens.
jso Oty

.
O
e -

MagicDraw Statechart
Models

e



StateChart autocoding process

Generated
options:

1.C/C++
Builds for
Linux,
vxXWorks,
Mac OSX

2.Python
executable
on Mac,
Linux,
Windows

Free Form Diagram [ B SCAutocodingProcessU

MagicDraw

/A
*[] ==
Controller.xml

> \ JPL StateChart

Generated Autocoder

target = N

product
C]/

Controller.cpp / Controller.py
Controller.c/
ControllerActive.py l

l

/VOptionaI develoWe
usage v
]

]

Controller.pml

|

* Python trace

GUI widget
works with

| any target

language.

* Promela

generation for
| Spin model

checking

Python Application
(Animated GUI)

Flight Application

Controller.o / pgged

pyc | E vents /\/ﬁ

, e I
Logger| L tket) (

\ —

7




FP Sim Run: Command Loss Demo
ihine Monitors { 55| ontrs 1] .j .

Monitor

h ExcessTorqueEv / NotifySymptom("ExcessTorqueEv" ’
MonExcessTorqueGreen MonExcessTorqueRed __>>ExcessTorqueE‘ Enabled
o ClearSymptomEvent / ClearSymptom(e)

T J
ExcessTorqueOkEv / NotifyClearSymptom("ExcessTorqueEv")

SymptomEvent / Enqueue(e) DisableEngineEvent

L

ExcessRateCtriErrEv / NotifySymptom("ExcessRateCtriEv") i
/ Y Idle Running
MonExcessRateCtrlErrGreen MonExcessRateCtrlErrRed _H>Ex cessRateC entry / InttState() entry / Dequeue()
— SymptomEvent / Enqueue(e)
ExcessRateCtriErrOkEv / NotifyClearSymptom

E: flomentumEv / NotifySymp Exc tumEv")
. v [ M

[MonExcessMomemumGreen ] [M E: M d P‘" | Process | ResponseComplaeEv
’[ , entry / RunActive() ’

ExcessMomentumOKEv / NotifyClearSymptom("ExcessMomentumEv") froccasQueue .
EURUAIERETCEEMEIYRUCUSINl |— = —— — = — = — — — — T — — ;
______________________ . entry / DequeueTop() EnableEngineEvent
i | DeferredDisable |
ExcessAttCtriErrorEv / NotifySymptom("ExcessAttCtriErrorEv") N Hl Iexﬂ | DisableEngineEvert I
lormal
A { l i after (1)
; ] | o)

MonExcessAttCtriErrGree MonExcessAttCtriErrRed | isableEngineEvent
n __A> ExgessAttCtriE:

ExcessAttCtriOKEv / NotifyClearSymptom("ExcessAttCtriErrorEv")

Disabled
’—1 SymptomEvent / Enqueue(e)
ProcessRespo,{ée\.ﬂ

WV | i

EmptyQueueEvent

CommandLossEv I NotifySymptom(" CommandLossEv )

e | onpafR@fErEnce Fault Protection Engine: main

CommandLossOkEv / NotifyClearSymptom("CommandLossEv") C ap ab I | I tl es ar e al | I m p | e m e n tEd

5 emulated monitors Queues, monitor to response mapping, checking for
’ active monitors, etc

each with red/green — Deep Impact, DS-1 Philosophy, et. Al. Wagstaff/\Watney
states 2006 R&D Demo — updated per SMAP requirements




FP Sim Run: Command Loss Demo

il

Enabled

Idle

L

felse]

[ctrExceedsThreshold()] / SMM_FAULT_RWA_RCS

Command Loss

? Init after (30) RecentHistory
entry / clearCtr()

RunSafingCommandLossCmd|

il

RunSafingCommandLosgCmdEv

Ev
RepairsCompletedOkEv / ResponseCompleteEv

DisableSafingCLEV [disableSafingGuard()]

RepairsCompletedFailedEv / incrementCir(); REsponseCompleteEv

System FP Response:

Disabled

Active
entry / setDisableSafingGuard()
e DI )
ﬁD HaltSequence after (2) SysSafeRwa after (1)
A} -
ety 15m_sarE RwA entry / NextTierSBandEv
ColdBoot
entry / clearDis ); Di LE RepairsC

EnableSafingCLEV

entry / ResponseCompleteEv

Preliminary tiers

demonstrate
general flow of execution

S-Band Repair
Manager: Repair
tiers
demonstrated

T ——
RepairSBand
Nominal NextTierSBandEv
entry / clearHistory()
GetReset [ GetPowerCycle |
entry / resetSBand() entry / powerCycleSBand()
exit / incrementCtr() exit / incrementCtr()
[nextResetCycle()] 2
[nextPowerCycle()] Idle — .
[repairCtrThresholdTest()] / repairsExcegded() NextTierSBandEv This will be
L < TBD ticks
RepairSBandOKEv / repairsCompleted() B POR or
- [nextReplaceCycle()] &
PR _ T |Replace.
Monitor returning to Green R N | Replace | o
state sends this event. repairsCompleted() entry / replaceSBand F
publishes exitr\//inctl:'SmentCtr() 0 \ after (2) / repairsCompletedFailed()
RepairsCompletedOKEv )

repairsCompletedFailed()
publishes
RepairsCompletedFailedEv




System FP Executable Functional Simulation

® Grab File Edit Capture Window Help

—
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Technology & Team

¢ B, Lippman




Modeling for Partitioned and Multi-core Flight Software Systems
JPL R&TD Task (Instrument Software Framework)
* Objective
— Develop modeling methodologies and framework to demonstrate that
a single modeling artifact can be used for both analysis and rapid

deployment of software components on a partitioned or multi-core
computing platforms.

« Significance
— Provides flexibility and efficiency in fielding systems that will result in

an order of magnitude savings in labor over the current state of the art
of flight software development at JPL.

« Over the past 2 years the task has:
— Evaluated AADL for analysis and code generation

— Adopted and refined a C++ Component Instrument Software
Framework (ISF)

— Developed Domain Specific Syntax XML specification of C++ code

— Developed YACGEN (Yet Another Code Generator) to generate ISF
C++ Topologies, Components and Ports

34




Component Autocoder Products

Application Component Model

Domain Specific XML Files

:> Component Al.xml

Port Al.xml

MagicDraw Component

Architecture Made Simple

SerializedData Al.xml

Topology Al.xml

Component.cpp ISF AutoCoder
Port.cpp
SerializedData.cpp <: (Python)
Topology.cpp Application Application
Flight Code Interface

Specification

: e




Example ISF Application Class Diagram

package Data [ [E ISFClassDiagram y Diagram name | ISFClassDiagram
Author reder
ObjBase Modification date | 1/5/14 11:04 PM
Component Base
Port Base
r 3
Active Component Passive Component Queued Component I
|auouo - _ -
* * S CodEI
Instrument Bus Impl Temp Estimator Impl Temp Controller Impl Manually-generated Code|
+sendHeaterCmd( heaterPkt : byte } +HilterTemp( tempPkt : byte ) +monitorTemp( temp : float )

36




STABLE Instrument PDR

STABLE Payload Flight Software

[ = software Module = JPL
[ ]=Hardware =UofT R L L L PR
€ = Interface | MCC/Goendola Computer
e
e
: Gigabit Ethernet
! Gigabit Etherret
I
I
\
I
: Memaory Disk
: {MEMDSK)
I
I
: F5W MCC_C/D
I
I PE‘flﬂad Mode DALC i
: MCUIG::'m::nIa Data Manager v '
: MRRTIMCR (PMM] Fast Steering !
- Mirror v
tFSM] Aralag ln '
L gut ¥
: Thermal - & '
| Telemetry Command (THERM] o |
{TLM) {cMD) !
Attitude Rate & Analog/Digital '
Cﬂl"l':‘—t::l{lﬂl‘ Sensar ‘/ Daughter .
(| _(CTRY [aRS] € 1 Card |

Aralog Input

Payload Computer
—

Avionics

Mirror

External
Hard-Drive

Fast Steering

[FERA}

Temp.
Sensors

Attitude Rate
Sensor
[ARS}




Application Component Model Deployments

class App7 App7 ]

«async_input»
rawCmdin : GeneralCmdType

«sync_input»
testPortl : GeneralCmdType
«sync_input» ‘

CMD

=l

: Commander

‘LlGetParamOul : ParamNameType
=T
; SetParamOut : ParamDataType

r

!
EModeCmeul : ControllerCmdType

il

T

rawCmdOut : Serial

Av : Avionics

=l

rawCentroidOut : Sefial

Cmdin : ControllerCmdType

ARSCmdOUt : ARSCmdType _|

- —— e - -

CameraCmeJk CameraCmdType

= PMM : PayloadModeMgr

I

7leale0ul : StateMsgType

Diagram name |App7

Author watney

Creation date 6/7/13 8:44 AM

Modification date | 10/4/13 8:14 PM

=t

B
|
«sync_input» |
CmdIn : CameraCmdType |
i |
Cam1 : Camera |
|

L centroidOut : CentroidMs

ctrl : Controller SetParam : ParamDa!aI’ype

[ S U S

part1 : Partition

part2 : Partition

part3 : Partition

=]
N Centroifin : CentroidMsi
testPort2 : CentroidMsg raw | *
«sync_input» ‘ | «async_input» GetParam : ParamNameType
testPort3 : ARSData RN, | QN — centrdidin : CentroidMsg _|_
| | rawatout : Berial | =l
= I I " .
FSM : FastSteeringMirror
I | «async_input»
| FawTimin : Serial | | Attin : ARSData. ,rawFsmom FSMData rawFsmin : FSMData i
: —|
| lksync_input» «sync_input» L
| mgin: ARSEmdType LARS : AttitudeRateSensor ‘ Atout 0 ARSDACEHE ity
«allocate» | | ‘: — I @
I ] | T | - | [FsmOut : FSMData
I——
: ] ] /_\(;‘alsynAcF;iSnDpu:» = AttOut_1 : ARSDefa ] ParamOut : ParamDataType |
pw; n: ata
! | | - | ! | |
| : | ] | I I«allocate»
| | | |
|
: | I ‘ | I I !
| | TLM Tblemetry ‘:\ARSTImIn : ARSData 1 | | |
| | | | |
I I ParamTImin : ParamDataType |
rawfimOut : Sprial | Pl : yp A i |
! I | I ‘% T I I !
| |alocates I L FSMTimin : FSMData JN Py 2
] I | I
| | | FTSIateln : StateMsgType A | | «allocate» |
| 1 = o | |
| | |
| | | | | | I I
| | | | | | I I
| I I | I ————n I
I | I«a ocate» ] «allucati» ] ] ]
| | | | == ————=—==- | | |
I | I I I | | |
I | I I I | | |
I | v v v v ¥ v
I | «Arinc653Partition» «Arinc653Partition» «Arinc653Partition»
|
|




Stable Demo Linux (single
process/partition) Deployment

= fy @ 13

ModeMgrsm A % parallels 1%

B W e

RO a 4

PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA
PA

JPA

PA

Monitor: ---
Monitor: ---
Monitor:
Monitor:
Monitor:
Monitor:
Monitor: ---
Monitor:
Monitor:
Monitor:
Monitor:
Monitor: ---
Monitor:
Monitor:
Monitor: ---

partl_TLM: (fsm tip, tilt) -5.324
part1_Av: (raw tlm FSMDATA) -5.32
n = 108

offset = 108

Trace: partl_ARS_rawAttInARSDataInput
Waiting for message!

part1_ARS: -0.866025, -0.965926,
Trace: partl_ARS_AttOutARSDataOutputP
Trace: partl_ctrl_AttInARSDataInputPo
Trace: part1_ARS_AttOutARSDataOutputP
Trace: partl_TLM_ARSTImInARSDatalnput
partl_ctrl: (gyro data) -0.866025
Trace: partl_ctrl_rawFsmOutFSMDataOut
Trace: partl_FSM_rawFsmInFSMDataInput
part1_TLM: (gyro data) -0.866025,

ModeMgrSm

._

ofr

OnCmd

Tip/Tilt (radians)

Connected to server (host addr 127.0.0.1, port 50007)

Notional Tip/Tilt Position Update

8

~N
o
°

=
>

U
N
o

OffCmd

Tracking

.—l.

ARS_Active

ARS _On

ARS_Off

._l

ARS_Passive

Centroid_Active

Centroid_On

Centroid Off

Centroid_Passive

AA (1]
‘AA“.Q.'z‘A.°o.
° °
At e A, o,
° °
° A ° A
° A ° A,

A °
A ° A
Aaasated,

Zoom In

Zoom Out

, -0.965926, -0.500000
,-9.318516
,-0.906308, -0.342020
,-8.126156
,-0.819152, -0.173648
,-6.383041
4]
0,-0.707107, -0.000000
00,-4.142136
‘ Clear List ‘ Play
aram Get Param Test Cent. (x,y)
Params 10 10
I--- LW LU MROUMTA) TULOUUVED, TULIUITLY,
- (raw tlm FSMDATA) -7.320507, -9.318516
- (raw tlm ARSDATA) -0.939693, -0.906308,
- (raw tlm FSMDATA) -8.793852, -8.126156
- (raw tlm ARSDATA) -0.984808, -0.819152,
- (raw tlm FSMDATA) -9.696156, -6.383041
o STOP
!;’ <=~ (raw tlm ARSDATA) -1.000000, -0.707107,
--- (raw tlm FSMDATA) -10.000000, -4.142136

39

\

‘ Test ARS Data

0.00.00.0

Ui avuuuY

-0.342020

-0.173648

-0.000000

Stop

Executing Linux Demo Code!

1]

Partitionl  Partition2  Partition3
Quit Gen. Code Linux-Demo ARINC-Demo
TCP Server CMD/TLM Client Clean

3




Stable Demo ARINC653 Emulation
(three partition) Deployment

ModeMgrsm ® fy 4) 1:39AM 2 parallels {%
é PA Monitor: Trace: partl_TLM_ARSTLmInARSDatalnputPort_0
PA Monitor: --- parti_TLM: (gyro data) 0.939693, ©.90630¢ T Executing Arinc Emulation and Demo Code!
PA Monitor: --- partl_Av: (raw tlm ARSDATA) 0.939693, 0.9 . Ceared‘plot area's.' — g — — Y
PA Monitor: n = 108 Notional Tip/Tilt Position Update Partitionl  Partition2  Partition3 7
; PA Monitor: offset = 108 T T 13 13 . . . .
PA Monitor: Trace: partl_ARS_rawAttInARSDatalnputPort_0 40| 4 : H H H
PA Monitor: Waiting for message! H H H H
!'s PA Monitor: --- partl ARS: 0.984808, 8.819152, 0.173648 - laatogengl®ee, aadiigentle
PA Monitor: Trace: parti_ARS_AttOutARSDataOutputPort_ s 20+ go ‘AA' L : : ‘n" o® 4 )
PA Monitor: Trace: partl_ARS_AttOutARSDataOutputPort_1 o e CoTay L x *
PA Monitor: Trace: partl_TLM_ARSTlmInARSDatalnputPort_6 o 0 : A, LY ad °*
PA Monitor: --- part1_TLM: (gyro data) ©.984808, ©.81915: = e cotayy ®e, Aot 1
PA Monitor: --- partl_Av: (raw tlm ARSDATA) 0.9848068, 0.f E 4is2008000°
JPA Monitor: n = 168 a —-20
PA Monitor: offset = 108 =
A |
-40 ; i i
j ‘ i i H H
ModeMgrsm 10 20 30 40 50 : :
- .. I Al
0.984808, 0.819152, 0.173648
o — 28.793852, 28.126156
29,696156, 26.383041
1.000000, 0.707107, 0.000000
ofr 0.,984808, 0.573576, -0.173648
30.000000, 24.142136 N
OnCmd OffCmd 29.696156, 21.471529
0.939693, 0.422618, -0.342020
6 0.866025, 0.258819, -0.500000
h v
% Tracking ;
. IConnected Clear ‘ List ‘ Play I Stop | H H
H Set Param Get Param ‘ Test Cent. (x,y) | Test ARS Data | § H
AL ARS On)  ARS_Passive {20 Params 1010 0.00.00.0
W ARS Off. --- (raw tlm FSMDATA) 28.793852, 28.126156
- (raw tlm FSMDATA) 29.696156, 26.383041
H - (raw tlm ARSDATA) 1.000000, ©.787167, ©.088000
— .—]
E - (raw tlm ARSDATA) 0.984808, 8.573576, -0.173648 K =
Centrold_Active |_Ceniroid Onf Centroid_Passive - (raw tln FSMDATA) 30.800080, 24.142136 GLE || Cop=ic | i
__Centroid Of - (raw tlm FSMDATA) 29.696156, 21.471529 TCP Server | CMDmMClient | Clean
- (raw tlm ARSDATA) 0.939693, 8.422618, -0.342020
= g - (raw tlm ARSDATA) 0.866025, 8.258819, -0.500800
' Zoom In Zoom Out
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Small Scale FSW Group Projects

All these projects using ISF (now called fprime) and
component modeling within JPL'S new avionics
*ISF and modeling tools soon to be open sourced
«JPL Statechart Autocoder available at
https://github.com/JPLOpenSource/SCA

Lunar Flashlight NEAScout

Near-Earth Asteroid

Map the lunar south Mars Helicopter aka

pole Scout “Leonardo”

Will be first cubesat « Perform mapping of < Proposed add-on to Mars
to reach the moon an asteroid 2020 mission

Near infrared laser « Solar sail propulsion ¢ Scout a head of rover for
On-board driving and exploring
spectrometer route

measure surface Cal Poly Talk * Current proof-of-concept

composition (reder@jpl.nasa.gov)


https://www.jpl.nasa.gov/cubesat/missions/lunar_flashlight.php
https://www.jpl.nasa.gov/cubesat/missions/neascout.php
https://www.jpl.nasa.gov/news/news.php?feature=4457
https://github.com/JPLOpenSource/SCA

W. M. Keck Observatory: Feb. 2002

Thank You -Questions??
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