Turning the Digital Thread Into
Reality

STEVEN H. DAM, PH.D., ESEP
JERRY J. SELLERS, PH.D.
OCTOBER 25, 2018




Agenda

AWhat are some of the major hurtles in making the digital thread a
reality?
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AWhat are we doing to overcome these problems?



What are some of the major hurtles in making the
digital thread a reality?

Tool interoperability
Security

Scalability




Scalability Problem

Today, complexity Is

going out of Sight One example of one type of data in the world:
We no Ionger talk abOUt ARealWorldExample:-BigData-Migro-trqnsactipns

_G |gabytes Of Sensordata collected from US commercial jet engines during 1 year
Information, 1ts now

Zettab tes 0TB® 2 % 25 %/.83537%8 365
(1 x 161 bytes)

How can we deal with _

this much data? =1,041,600,500 TB
Do we really need all =1 Zettabyte

this data?
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Other Concerns

ATool interoperability
A Security
A Scalability

Alntellectual Property
ACost
Aawi OS . 24f aé

Is it really even desirable?
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AWe have been creating physibased models of systems for
decades

AMany of those models have been coupled to CAD/CAM systems
AtKS 3JI LA 6S0G6S8SSy (22fa | NB dza SF
o Is that bad or good?
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AWe think there will be significant saving accrued by having a
seamless abstraction of an entire system
o We have seen how the automobile manufacturers have gone down this path
0 CKS 1jdzSaidAz2y A&az G! NB ¢S YIF1Ay3 (KS
Improving it, as they do in the automotive world?

AWe will clearly save time and money if we can more easily move
Information between tools
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ANeed methods to capture and visualize tremendous amounts of
Information
AMassive storage and retrieval of information

ANeed not only all the technical readouts, but also the programmatic
Information

A Capability to move data around easily, between applications

AA language that enables decomposition and abstraction
o A systems engineering language, not a software engineering language

Slide from SYST 505 Course at GMU by BBrggge Ph.D.



What Are We Doing to Overcome these Problems?

ATool interoperability problems can be reduced by merging
functionality into a common tool or tool set
o SPEC has done this on the SE level with Innoslate®

o Use of APIs can reduce the interoperability problem, if we have a common,
generalized ontology to map tool data together (LML can provide this)

A Scalability, Security and IP problems can be resolved by continuing
to partition the problem through decomposition

o But this means that the databases at each level of decomposition must be
able to interoperate (see bullet 1 above)

AExplore hardwarén-the-loop simulations, not just software



ExampleNanoMET

A NanoMetis hypothetical endo-end systems engineering and
project management case study designed for the education
and training of space professionals

A NanoMet"spacecraft" are desktop training tools based on
the EyasSAT3 (ES3) educational satellite bus

AAIl ES3 is "ITARRe" and is not space qualified or qualifiable

A For the purpose of education and traininganoMetis
treated as a "real" space mission with representative systen
engineering and project management artifacts and
associated rigor




NanoMETSpacecraft Asset Diagram
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Spacecraft Control and Operations Testing and Training
Interface (SCOTTI)

ASCOTTI is a versatile, LabVimged interface that provides a point

and click graphics user interface (GUI) for all E&86Metlab and
G2LISNF GA2Yy It € | OGAODBAGASaE

A Provides insight into packet communication protocols (future A331
or SP200 lesson)

A Provides for reatime or Pass Planning exectdaeTimeX

commands
S Ve

Spacecraft Control for Operations Testing and Training Interface

Version: 1.0.0




A Verification Rountip Example

AUse Innoslate® to setup tests and record results
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o adding import capability to LabView took only a few hours

A Execute test cycle using LabView
Almport results to Innoslate
ARepeat

I
1.1 1.3 1.4 15 1.6

Initial jreet.m.
Verification s 1.2 Configure Test mnf'g"i‘rrna;m" file Import test cycle n
Architecture Continue Case > I igragy 5 Data, Evaluate and__,,  Plan execution

Planning: Test > S hg;l]hg;f?}rf —> Characteristics, cl-g"r:";rg‘l g;laﬂ:ﬁgrg Score Run. details for Test

Suites, Test = iest cases Export .xml (LabView Reconfigure for Cycle n

Cases =0 configuration file Exceute: Cn{l'act next run n=n+1

Data




1.1 Initial Verification Planning

A Te St Ce nte r p rOVi d eS m e an S to TS.1000 CubeSAT Full System Testing - Expected Result s
create test cases and test — TC.1001 Automated Bus Checkout

The purpose of this test case is to exercise the cubesat system using the
- auto-bus check out capability in SCOTTI. SCOTTI will send all commands,
S u Ite S then receive and check all telemetry points. Regression tests will evaluate
performance with differing (1) Number of Runs (bumn in), (2) Run Delays, (2)
Wheel Run Times. On Error = Continue will be the same for all runs.

AThe pal’am ete 'S wWe Want '[O TC.1001.1 Test Run Procedures (LS L1 Thacches Shos e

considered successful if
measured resistance from all
vary are also captured as fmperare vanscucers
AUTOMATED BUS CHECKOUT (thermistors) varies as
( : h a r a Ct e ri Stl C S Q Power up the vehicle by CAREFULLY inserting Arm Plug into the pins zﬁpgcatﬁ?emtgéﬁ;ns:ﬁ;gre
NEXT TO the blue pins on the PDM, NOT INTO PINS OF THE BLUE assigned to DHS are
CONNECTOR supplied and their calibrated

values are within specified
ranges as defined by the
MASTER TELEMETRY
DATABASE. (3.2.5.2) The
inspection shall be
considered successful if
requirement 3.3.3 and all
subordinate requirements
have been successfully
verified. (3.2.3.2.5) The test
shall be considered

Q Select Comm >> Connect.
QO Observe data streaming in STREAM window.
< O Select Role >> Bus Tester.

Q Click on Baseline Tests to populate the test script.

< Check the Bumn in Test Box, use default Number of Runs = 1, Run Delay

=1 min, Wheel Run Time = 10 sec, On Error = Continue.

Q Click Run. successful if the ADCS
responds to all command

0 Monitor results as it executes, scrolling down as needed. values allocated to it as
defined by the MASTER

Q When complete, verify all commands pass. COMMAND DATABASE.
(3.2.3.1.6) The test shall be

Q Verify all telemetry within parameters. considered successful if all

telemetry values assigned to

APVACD mmcnccn mca acimaliad




1.3 Configure Test Case Characteristics

ATest Center provides means to TS.1000 CubeSAT FullSystem Testng U PSR
create test cases and test — TC.1001 Automated Bus Checkout

The purpose of this test case is to exercise the cubesat system using the
- auto-bus check out capability in SCOTTI. SCOTTI will send all commands,
S u Ite S then receive and check all telemetry points. Regression tests will evaluate
performance with differing (1) Number of Runs (bumn in), (2) Run Delays, (2)
Wheel Run Times. On Error = Continue will be the same for all runs.

TC.1001.1 Test Run Procedures SR 1) X St Sl

considered successful if
measured resistance from all

AThe parameters we want to
vary are also captured as
Characteristics :

temperature transducers
AUTOMATED BUS CHECKOUT R A Y

FK' s".dagum order:modified- class:"Characteristic” Q& Reports [ Matrix
Entity Value Units
AWe change those 8 s Gurr oy
Wheel Run Time 20 seconds
My Queries Run delay 2 min

Characteristics to reflect tf ... N 1

—-—TON O Rl et o IS VGOT 1=

subordinate requirements

teSt Case We Want to execute [ Check the Bum in Test Box. use default Number of Runs = 1. Run Dela have been successfully

= 1 min, Wheel Run Time = 10 sec, On Error = Continue. verified. (3.2.3.2.5) The test

In Database View o iy

responds to all command

Q Monitor results as it executes, scrolling down as needed. values allocated to it as

AExport XML COMMAND DATABASE
p QO When complete, verify all commands pass. COMMAND DATABASE.

(3.2.3.1.6) The test shall be

Q Verify all telemetry within parameters. considered successful if all
telemetry values assigned to

APVACD mmcnccn mca acimaliad




1.4 Import XML into LabView

Import XML into

SCOTTI

Execute Test via

SCOTTI

Collect Data

% SCOTH (Operation

SCOTTI Role Comm Telemetry Command About

-

Ml (Bus Tes

G000 Role Comm Telemetry Cgmmand About

Comm Telemetry Command About

™

Baseline Tests Status Type Action Timeout A TELEMETRY
Pass Send Command CDH_SET_MIN (162): Value = 15 29894 ( - z
Load Pass Verify Telemetry MINUTE (112): Value =15 28552 Telemetry Raw  Converted CO mm and S
Setup Send Command CDH_SET_HR (163): Value=6 0 F 15.000000
Remove Test Not Run Verify Telemetry HOUR (111): Value=6 0 2D 45.000000
h = Not Run Send Command CDH_SET_DAY (164): Value =91 0 C heCKed 3 3.000000 Sent
NotRun  Verify Telemetry DAY (110): Value =91 0 - | 200 V_BATT 16A 7607400
|| NotRun | Send Command CDH_SET_SC_ID (167): Value = 3 0 - o0 1LBATT 182 -228.000000
NotRun  Verify Telemetry SC_ID (114): Value=3 0 - 02 V_SA 13 0.302300
Send Command AUX_BUS_PWR1 (177): Value=1 0 - 203 1.SA 14 9,790000
207) SWX_EXPL: Value=1 0 - | 205 VsV EC 4.926000
U pd ated usevwram) velue-o 0 | 206 15V B 99565100
207) SWX_EXPL: Value=0 0 - | 207 STAT 0 SWX_EXP1 = FALSE, SWX_EXP2 = FALSE, SEP = FALSE
‘ Config- IUS_PWR2 (178): Value =1 0 - 00 XP FF 255000000
| 207) SWX_EXP2 Value=1 0 |~ NED! XN 3F8  1016.000000
Para m ete rs IUS_PWR2 (178): Value = 0 0 - 02 Y_p 186 390.000000
Not Run 207) SWX_EXP2: Value=0 0 - BE Y.N 20C 524000000
Not Run Send Command SET_PWM_X (193): Value = 100 0 - 304 ZP_XNYP 383 £99.000000
Not Run Verfy Telemetry RW_X_PWM (400): Value = 100 0 | 305 ZP_XPYN 370 880.000000
Not Run Verify Telemetry x_tach (403): Value = Non-Zero 0 - 306 ZP_XNYN 98 923.000000
Not Run Wait Wait 0 - NEY ZP_XPYP 386 934.000000
NotRun  Send Command SET_PWM_X (193): Value = -100 0 = E ZN_XNYN 2F7 759.000000
NotRun  Verfy Telemetry RW_X_PWM (400): Value = -100 0 -~ BE ZN_XPYP 22 658000000
Retn 1 NotRun  Verify Telemetry x_tach (403): Value = Non-Zero 0 [~ e ZN_XNYP 20C 732000000
Not Run Wait Wait 0 - cu ZN_XPYN 1FF | 511000000
i Not Run Send Command SET_PWM_X (193): Value=0 0 - 312 Mag_X F848 -8.582550
NotRun  Verfy Telemetry RW_X_PWM (400): Value =0 0 1~ REE Mag_¥ FDOC  -3.283600
N Not Run Verify Telemetry x_tach (403): Value=0 0 - BEU Mag_Z 80€ 8.965700
| NotRun  Send Command SET_PWMLY (194): Value = 100 0 = BEY Accel X 659  -0.983400
f RUN l NotRun | Verify Telemetry RW_Y_PWM (401): Value = 100 0 - 6 Accel Y 58 0035200
| Not Run Verfy Telemetry y_tach (404): Value = Non-Zero 0 - BEY Accel Z FF97  -0.042000
| | Not Run Wait Wait 0 v - s Rot_X 2 0139130 |v]
Packet Count[ 806 | | EPS I DHS || ADcSSensor || ADCSActuator | Mode[ RF | Connected? ()




