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2019 System of Systems Engineering Collaborators
Information Exchange (SoSECIE)
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4 National Defense Industrial Association

****

We will start at 11AM Eastern Time
Skype Meeting +1 (703) 983-2020, 46013573#
You can download today’s presentation from the OUSD(R&E) Website:

To add/remove yourself from the email list or suggest a future topic or
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https://www.acq.osd.mil/se/outreach/sosecollab.html
mailto:knharrington@mitre.org

NDIA System of Systems SE Committee

e Mission
— To provide a forum where government, industry, and academia can share lessons

learned, promote best practices, address issues, and advocate systems engineering
for Systems of Systems (SoS)

— To identify successful strategies for applying systems engineering principles to
systems engineering of SoS

e Operating Practices

— Face to face and virtual SoS Committee meetings are held in conjunction with NDIA
SE Division meetings that occur in February, April, June, and August

— SoS Track at NDIA 22nd Annual Systems Engineering Conference, Grand Hilton
Tampa Downtown, Tampa, FL, October 21-24, 2019

e Conference Info:

NDIA SE Division SoS Committee Industry Chairs:
Mr. Rick Poel, Boeing
Ms. Jennie Horne, Raytheon

OSD Liaison:
Dr. Judith Dahmann, MITRE


http://www.ndia.org/events/2019/10/21/22nd-annual-systems-and-mission-engineering-conference

Simple Rules of Engagement

| have muted all participant lines for this introduction and the
briefing.

If you need to contact me during the briefing, send me an e-mail at

Download the presentation so you can follow along on your own

We will hold all questions until the end:

— | will start with questions submitted online via the CHAT window in
Skype.

— | will then take questions via telephone; State your name,
organization, and question clearly.

If a question requires more discussion, the speaker(s) contact info
is in the brief.


mailto:knharrington@mitre.org

Disclaimer

MITRE, NDIA, and The Office of the Under Secretary of Defense for
Research and Engineering makes no claims, promises or guarantees
about the accuracy, completeness or adequacy of the contents of this
presentation and expressly disclaims liability for errors and omissions
in its contents.

No warranty of any kind, implied, expressed or statutory, including but
not limited to the warranties of non-infringement of third party rights,
title, merchantability, fitness for a particular purpose and freedom
from computer virus, is given with respect to the contents of this
presentation or its hyperlinks to other Internet resources.

Reference in any presentation to any specific commercial products,
processes, or services, or the use of any trade, firm or corporation
name is for the information and convenience of the participants and
subscribers, and does not constitute endorsement, recommendation,
or favoring by the Department of Defense or USD.
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Technology Motivation

« DoD systems are increasingly complex and
challenge human cognitive and organizational
abilities. We are now combining those systems

Into System of Systemes.

— Engineering model flexibility & robustness.

— Reuse of models.

— S0S requirements expression and flowdown.

— Discovering unforeseen behavior through trade studies.
— Understanding complex results.

— Accurate simulations, well before we commit.

— Handling highly scaled simulation problems — “digital

twin”.

SYNAPTICAD



The Basics

Simulation

‘ SO0S \
Reaper SoS
from Subsystems
MQ-9 Aircraft Ground Control Satellite

E GBUl SAR a FLIRl Mission a Communications|
Models from 15t Principles

~SYNAPTICAD




10

System Computation Platform

™~ Infrastructure for building
complex systems
for simulation

.

der ©)

\_ Engineering Code Interface J

— T h
Y Excel \ ModelCenter Batch Exe.
" simulation Results J \\Design Synthesis . Trade Studies |
-

“SYNAPTICAD

[Our approach is to fix weaknesses in the 3 key areas } U
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3 Core Elements & Workflow

SohercAD orbitscin -
E, [ ScheCAD  ChUkerfipmentga\Desktoptastestiasim x|
File Edit View Teols Heip
Equation Solver |Code Generation | Simulation
Simutator <
Solve any system of simuitaneous equations
#EquatinsBegin + Soluon1of3 - e
=p 3= 169450 iometer @ Decsion Maker " System Madeler () Model Creator
Click heve o generate a scriptarapper for this exampie e=lra-mp)/irastp) = 5.9400963597 kilometer/second
P=a(10¢) 1 = 67780 kilometer e
Click here to generate a function fo this example vibar={muh*e*Localfunctions Sinihetabar) va = 242503418404 kilometer/second - .
Function return value? al Vebara (mu/h)( unctions.Cos(thetabar)) h « 657475267976 iiometer**2/second. New Load Save. Save Az Check View Generate. OpenGen LoadVerilog Runsim
Vithetabar**2=wwbar+2+ ibar'<2 max = degree
Use base urits in generated functon? (UP**2/20){murp)= L0 20%9) V9 = 870013673615 lometer/second Bsic Subsyatem Library/System Options
(V220 Lomy20" vebar 342051623228 kiometer/second B
SBaents O Userput Uns shcnce: 2 - 5 - Project Namme et 1 VerlogComectio 9l NewName P e E e ———
TegetPal  CARAATes(ID = Panel + Libray Models System Modets
#KnownsBegin #GuessesBegin  det Cosiphi: = WA HeruiDrive | Orbit | Radar | ThermatManages | SolacFane! ry s
Get s fo filing out form = T import matn System Nome 5t #$Subsyster 1 - Banery
i 1 retum mathcos(sn) i Battery UK. Communications
Reann=63780 km 1P.1502+04.3.002+04 Lim TimeParameters Communications_i Compater
2p=400 km rthetabar, 5,00 +03,2.00¢ + 04 Lm def Siniphi): #5Type Communications Uk HardDrrve
import math Tosgin 00 s SotarPanelMogel Computer 1 ontit
i SFidelityLevel Computer UK Radar
Vithetabar100e+00.1.00¢ +01, 1 ksec Tend | 10000 L nr FuelTank ThermalMana
o100 oL oL L sttt EE—
Vinar.100e+00.100e +01L,Limsec Import matn 5Paametsns HarulDiive UK.
21.00¢+04.200e 104 Lkm retum mathatanis) amay wea=30 onbit 1
h300¢ +04,9.00€ +04,Lkm*+2/sec theta=D.41015 Orbit Gircutar
thetabar.100e-023 60e02.1deg #locatnstnd Orbit Uk
‘gamma,100e-03.360¢+02.1deg solar intensity=1367.0 Orbit UKTB
L = materisi="siiconmaterial sring Racar 1
#Ercritbegin #Sinputs Radar UK
EnCrit=10e-7 fs_in.sun=Orbitis_in_sun SolwFane L
10 Cmy SotaiPa
LocalFunctions Sindimers SlaPanelHi
LocalFunctions ArcTansasian power_ourput=00 a1
dd 1a Sptem Replace | | Add to Library
Replacement Rules
Model Type [ FidelityLevel [ Parameters
Check sysiem | Get Guesses || Salve and Generate Code | See Serptwrapper | See Generated function — E— -
Change Variable Names | | Check nputs ER i N
i Libvary Model] $¢3ct Model ABGY i System Model

Eqgn. Based Model Creator -- Simultaneous
equation solver for creating new engineering
models for subsystems.

System Builder -- User interface for creating new
system models.

£ Bughunter Pro (nanning Vesilogger Extreme) [E=RECR =~
File ImporyExport Edit Bus Parameterlivs Project Editor Simulate View Options Window Help

veatin | W BE [ E R (R (GO Ohe | R laba
T | (@) - Zmwls |l R S “a

L. Vesiloa e
marcsat
worcCrbit

inteaer ;

- workThermaih_.

‘
- 0 5 Orbit 5_in_sun31.0] | )
i 5 ] or_gnet_stal310) e Ho v
; 0 7 o o one|31:0) (i ) Ovar | ol Ot W) Tl Ot 10 Tl Grr
eal o fa a o 5
e oy a SciarPanel power_oulput
B Ragar wOrKRAdaN I

e gy S—

e ——

- -

[ % NEMMRARBRY T pareeiog =] Tc Resstn ] mevepedios ]

System Simulator -- SystemVerilog simulation
engine for system model execution and results.

SYNAPTICAD
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New Capability

PriD r Ca pa bil itv Design Synthesis

Simulation Results

| 7
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Example Problem

An MQ-9 Reaper flies to a target zone and collects sensor data

It identifies a missile site, destroys it and returns to base. The

aircraft is equipped with SAR, FLIR, and GBU as part of it

wamEn_Alrcraftl_x_FuelTank_semms
PAR initial_fuel_weight=3764.8
PAR base_fuel_consunotion_rate=a,ess
INP None
QT fuel weight=2008.0

st _GroundControlStation _x_Mission #Hess
PAR altitude_in-48460.8

PAR loiter_time_in=12.@

PAR speed=175.8

PAR imit_distance_to_target=525.8

PAR target onservation distance-£.@

INP SNRsar=Satellite x_Comm.SNRsar

INP SNRflir-Satellite x Comm.SHRflir

INP weight_gou-Satellite x_Conm.welght_gbu

OUT altitude-16608.a

OUT lolter time-13.@

OUT distance to target=1866.9

#amH# Adrcraftl x Structure wish

MNAN_ALrcraftl_x_SAR_#RuAN OUT alrcraft_mode—a.8
FAR PTe=320.9 OUT start_loiter_time=200060.8
PAR Daz-44.5 OUT end_loiter_time=224600.0
PAR Dh=16.5 OUT reached_target=a.e
PAR rhor=1.8 OUT bombs_dropped=a2.8
PAR £=16.7 OUT Pdetect-@.@
PAR Fref=if.7 OUT Phit—o.d
PAR aw-1.2 oUT Phill-g.@
PAR Lsp=2.8
PAR Lradared. 16 QUT SholDown-2.8
FAR Fn-1.33 OUT Killedlarget=g.a
FAR alpha-1.8977
FAR FI-3.14159205 runem Aircraftl x FLIR msmn
PAR Kk=1.3806486-23 lami=z.8
FAR c-188792458.6 lamz=5.&
PAR d=8.35 T=5040.80
PAR T-250.8 PI=3.1415926
PAR exap=0.5 I #rrET_Satellite_x_Comm_wheww PAR cps=a.95 I
PAR sigref-3.163e-3 PAR orbit altitude in-1174PE838.0 || Par sigma=s.s7e-s |
FAR n-2 INP aircrafl mode in-GreundConirolStalion x Mission.alrcrafl mode ‘}‘ PAR Ae-B.1 \
FAR one=1 NP altitude In=GroundControlStation x Mission.altitude ﬂ FAR Red=a. 1 \
PAR DazB-44.5 INP distance to Larget In-GroundConirolStatlon x Misslon.dlstance e targel PAR W-1.2e-7
PAR DhB=16.5 INP speed_in=GroundControlStation x Mission.speed PAR AT=20.8
FAR LeB-51.4 INF banbs_dropoed_Ln-GroundControl5tation x Mission,bombs dropped FAR uxref-28@.8
FAR WeB=29.6 A NP SNRsar_in-Aircraftl s SaR.5NR FAR beta=b.7e-5
PAR HoB=26.7 f TNP SNRF1ir in=Aircraftl s FLIR.SHR PAR WE=180.8
PAR 1w6-83.9 | I8P weight_gbu_in-Aircraftl_x GBU.weight_initial AR PO-280.8
PAR CO=1500299 .8 OUT orbit altitude=117426058.8 far co-1aaeean.e
INP aircraft_mode_in-Satellite x_Comm.aircraft_mode & OUT aircraft_mode-8.@ NP aircraft_mode in-satellite x Comm.aircraft_mode
WP h=Satellite_x_Camm.altitude OUT altitude-40686.2 [INP h-Satellite x Comm.altitude
NP dtt-Satellite x Comm.distance to_target q—\ OUT distance to_tarpet-6.@ INP dtt-satellite x Comn cistance to_target
NP vx-5atellite_x_comm.speed fa—H oUT speed-175.0 INP wx-satellite x_Coma.speed
OUT alrcraft mode-8.@ OUT bombs_dropped-8.@ CUT alrcrafl mode-B.@
TUT SNR=1.08 [ oo swmsar=s.e T C=0.49
UT rs=g.@ | [T swRF1ir=5.0 f T F=6.9
DUT R=B.@ OUT weight gbu=1868.9 Ut
ouT / ﬂ B
ouT / ot
oUT f Bl
ouT T
oUT © out
/ cuT
MRSAGS T tau-@.8
Chegin=g.o
tend=82800.0 HHEEE Adrcrattl x GBU_#itE
deltat=3608.9 PAR weight initial=1082.a
INP alrcraft_mode in-Satellite x Comm.alrcraft mode
INP h=satellite x Comm.altizude
o INP grt=Satellite x_Comn.distance to_target

INF vx=Satellite_x_Comn.speed

INP hombs_dropped=satellite _x Comm.bowbs_dropped
SUT weight=2.8

ST homb=_drapped_out=a.a

PAR base weight-4992.0

14 Fuel wedght-Alrcrafii_x_fuellank fuel weight
INP sar_welght-Alrcrafil x SAR.W

INP flir welght=Alrcraftl_x_FLIR.W

TP ghu_weight=4ircraftl_x_GBU weight

OUT total_weight=4280.8

Y

'SYNAPTICAD
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SoS Integration - 1

First build independent systems: aircraft, ground control station, and
satellite. Aircraft is composed of multiple subsystems (e.g. SAR) which

can be modeled in equation solver and connected to overall system:

#;, SolverCAD  CAA\Py

LEBERR ®
New Open Save Save
As

File

Documentation

Settings
["] Generate function

Function return value

Units for generated function

A

Guesses
a

©) Base_Units Userlnput_Units
Graphics Editor a
h SNR m
30000.0 8.9606:452188404955
40000.0 3.8833034251815737 E
50000.0 1.6197761239771664
Graph Settings a

E:Graph 1
Title
X Label x axis
Y Label y axis
B Plot 1

Multigraph Settings

SH ML~ & A 0 @ H E

Rascin

05 @ [

2dtt=6.0 mile
3 h=40000.0 foot
A Pte=320.0 watt

2rs,5.0,15.0,1,mile
3R,0.1,10.0,1,dimensionless
4V0,50000.0,55000.0,1,centimeter**3

il

2def mylog(x):
3 return math.loglo(x)
Adef myln(x):

Guess Errors Solve Sort Adjust Check Solve Graph Generated Local Time Remove Show  Window Tab |Lock| Help About
Function Functions Functions Time Variables -
Salver Misc Layout Help
Equations o | Solution =]
1 SNR=Pt*d*etap**2*(Daz*Dh)**2*rhor*(sigref/fref**n)*f** (n+one) /(8. B*PT*aw*c*k*T*vx*Lsp*Lr| | 1Solution 1 of 1 -
2 re=(dtt**2+h**2)**@_5 1500000.0 USD
3 R=(Daz*Dh/ (Daz@*Dh@))**0.5 320.0 watt 3
4V0=(Le@+DhO) *Wed*Hed 4R = 1.0 dimensionless
5 V=V@*R**3 5SNR = 3.8833834251815737 dimensionless
6 W=R**3*Yo* LocalFunctions.GetK(R) 6V = 53662.72800000001 centimeter**3
7 Pt=R**3*Pt@*LocalFunctions.GetK(R) 7ve 53662.72800000001 centimeter**3
8 C=CO*R**0.562 W = 83.000000000000014 pound
9 9rs = 9.6639589634190965 mile -
Knowns B Guesses B Local Functions =]
1vx=175.0 mile/hour A 1SNR,1.0,20.0,1,dimensionless 1 import math

5Daz=44.5 ¢| Add Calculations to Utils File
6Dh=16.5 cef

Options utils File

7 rhor=1.0 nl

8¢-16.7 gig] Msert Calculation from Extermal Model or Library Open Uil il C\ersprenegay\Destep Qs Sersort | |

9 fref=16.7 | Type Location . — Work\AirForce DUE Fepg 2017\ | .|
10 aw=1.2 din sigref=passed_in_object.sigref -
11Lsp=2.0 di| (@ Function Library n=passed_in_object.n

12 Lradar=3.1]
Function Units

1 LocalFunct]
2 LocalFunct|
3

one=passed_in_object.one
Daz@=passed_in_object.Daz®
Dh@-passed_in_object.Dh®

ModelCenter

O Excel
Open Model

ASCI /O Executable

Function

We-passed :

_object.Ho

CB-passed_in_object.Ce
Input Variables

System Models

Aircraftl x Structure
Aircraftl_x_FuelTank
Aircraftl x SAR
Aircraftl_x_FLIR
Aircraftl x GBU
GroundControlStation_)

#call the library function with provided inputs

Output Variables r = FunctionLibrary.SAR_3413(vx,dtt,h,Pt@,Daz,Dh,rhor,f,fref,au,Lsp,Lradar,Fn,alpha,PI,k,c,

#get the outputs in a convenient numerical form
SNR = r[*SHR"].magnitude

rs = r[*rs"].magnitude

R = r[*R"].magnitude

Ve = r["Ve"].magnitude

Generate and Insert Code

Insert Python Code

Lomom ] [oes ] [Lmpor] V0 et
W = r["W"].magnitude
l for H while H — ‘ Pt = r[*Pt"].magnitude
C = r[*C"].magnitude
] e [msaned) return (SR, 8,10, 1,4, —
« i » lace
oK H Cancel H Help ‘
Melity Level [ |Parameters
itputs [CIV/V Level
File

Generate System OF Systems.

Generate

Generate Acausal System

Edit Requirements

Trade Studies

IEdltLlhraryMndel Select Model Above  |Egiit Systern Model

Generate | |

Re-generate

SYNAPTICAD
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SoS Integration - 2

« Next, SoS is built by specifying which systems to unite. A flat hierarchy
of all contained subsystems results. Variable links must be created.

File Help
Simulator |I Equation Solver
Project Files Simulation ~ User Level
@ () Decision Maker () System Modeler @) Model Creator
I I (S I S . I I
Basic Subsystems Library/System Options

Project Name  MQOAGS_VerilogConnection.hpj hpj | Aircraftl x SAR | Aircraftl x FLIR | Aircraftl x GBU| GroundControlStation_x_Mission | Satellite x Comm iufird Directory  C:\A\PythonWork\AirForce_DUE_Feb8 2017\Work\Code\! [ .. ]

Target Path  C\Users\pmenegay\Desktop\MQ9_AG: ;]

Library Models System Models

- II

Add to Sﬂem Reelace Add to Ubrﬂ

Replacement Rules

Model Type Fidelity Level Parameters

System Name MQ9AGS

Time Parameters

Tbegin 0.0 sec
Tend  82800.0 sec
Deltat  3600.0 sec
StringLists

Requirements
Inputs Outputs V/V Level
Edit Requirements Add Subsystem Change Variable Names Check Inputs
Trade Studies Generate Edit Calculations / Utils File

Edit Trade Studies System Of Systems Acausal System Regenerate Acausal { Scin File 1 Edit Library Model Edit Systern Model
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Simulation Results

shown in a timing diagram:

The SoS is simulated using the System Verilog engine and results are

rﬂ StimulusAndResults.btim * @
ij: g!:' 59‘“ Sanple W‘LDWI TRI VAL IHVal WHIIWLDI HE [Breperties]
UUUUmS UUUUmS OE(SI L1 |5!(S\ L1 |1Pklsl ] |1?klsl ] |2Pklsl ] |2:5klsl ] |Epklsl ] |3:5klsl ] |4\0k\s\ ] |4I5I$SI ] |5I0klsl ] |5?klsl ] |kalsl ] |6:5klsl ] |?PII(SI | ‘?'\Sklsl ] |SPkISI ] |8

0 | MQIAGS.clock / \ / \ / \ / \ / \ / \ / \ / \ / \ / \ / il
1 | Aircraft!_x_Structure total_weight |[7000 {9847 0685 | 95230361 ) 9100|0037 {8875 ) 8713 | 8551 ) 8380 {8227 | 8065 {7903 | 7741\ 7579) 7417 72557093 {5931 | 5769 {5607 | 5445] =
2 |nr Aircraft1_x_FuelTank fuel_weight || 3764 {3602 3440 {3278§3116 {2954 2792 {2630 /2468 {2306 {2144 19821820 {1658 {1496 {1334 {1172 {1010 848 {686 [ 524 ¥ 362 § 200 |

3 |rmr Aircrafti_x_SAR SNR 0 X 3.88330342518 I 0

4 o Aircraft!_x_SAR.W 83

95 (v Aircraftl_x_SAR Pt 320

6 |mr Aircraftl_x_SAR.C 1500000

7 |mr Aircraft1_x_FLIR.SNR 0 X 207371672473 I 0

8 |mr Aircraft1_x_FLIR.W 100

9 | Aircraft1_x_FLIR Ae 0.1

10 | nr Aircrafti_x_FLIR.C 1000000

1 |r Aircraftl_x_FLIR P 280

12 (o Aircraft1_x_GBU.weight 1000 i 0

13 | o GroundConfrolStation x_Mission.altitude 40000

14 | nrindControlStation_x_Mission distance_to_target [{1000) 350 ¥ 175 X 6 {181 356 f 531 } 706 f 881 {1056 f1231]

15 | rr GroundControlStation_x_Mission speed 175

16 | rrjoundControlStation_x_Mission bombs_dropped 0 i 1

17 | o GroundControlStation_x_Mission. Pdetect 0 )| 0.840603789703

18 | nr GroundControlStation_x_Mission.Phit 0 )| 0.964326006653

19 | o GroundControlStation_x_Mission Pkill 0 X 0.810616095701

20 | rr GroundControlStation_x_Mission.Pshot 0 )| 8 33370857252e-002

21 [1u|  GroundControlStation x Mission.ShotDown 0

22 | 1| GroundControlStation_x_Mission KilledTarget 0 )| 1 il
« \ Il N I | r
[Parametar Window Hide |

| stimulusAndResults btim = [

~SYNAPTICAD
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Requirements Modeling

« Atemplate is used to create requirements sentences in English which are
translated to Python for analysis. Requirements can also be written
directly in Python.

Select Template @
Select Sentence Template:
e <subsystem> sha ave a <paramete that is <equality> nber:
The <subsystem:> shall have a <parameter> that is <equality> <number> while the <parameter> is <equality> <number:>
The <subsystem> shall have its <parameter> set to <string> while the <parameter> is <equality> <number>

The <subsystem> shall have its <parameter> set to <string> if the <parameter> is <equality> <number>
The <subsystem> shall have its <parameter> set to <string> when the time is equal to <number>

OK Cancel

Requirements

Requirements Insert

Requirement #1
qui # Sentence Te

The <subsystem> shall have a <parameter> that is <equality> <number> while the <parameter> is <equality> <number:

Select a subsystem [l || Setect a parameter === Equality Tnsert Number [ Pubsystem altitude i

Aireraftl SaR Enter a number r

L - Select One:

FusiTank 08 Parameter

::: equal to

less than Ok Cancel
Structure i
GreundControiStation greater tha Equality
| sig less than or equal to
Sateliite - oe not equal to e
Comm s MNumber
Structure
OK Cancel
GroundCantralStation String
Variable |
b & Show Python
oK Cancel oK Cancel
aF Add Requirement | & Delete Requirement [[&= Analyze Requirements 4 OK | & cancel |
Requirements

Requirements Insert
Requirement #1 e

quirer # Sentence Temp . the time when

The GroundControlStation_x_Mission shall have a Pkill that is greater than 8.8 while the time is greater than to 43200.0 e 5 wWas B 9 of the time

Subsystem
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SoS Trade Studies

« Operate over the entire SoS and perform full simulations for each point.
DOE, Monte-Carlo, and single variable optimization is available.

Trade Studies
Systems

OUTPUT

Aircraftl

FLIR

FuelTank

GBU

SAR

Structure
GroundControlStation

| Mission |

Satellite

Comm

Parameters

Ex3

Default| DOE_Trade_Study_1 | DOE_Trade_Study_2 | DOE_Trade_Study 3 | Manuallnput_1 | Manuallnput_2 | Manuallnput_3 ‘ Norn ¢ | »

H GroundControlStation_x_Mission Parameters

= SR -
lo:

15000.0

hi: 50000.0

levels: 8
B init_distance_to_target 5250
B loiter_tim{ L\ Figure 1 [==x Sol °x"
speed
E target_ob 095 croundControlStation_x_Mission__Pkill o016 . CroundCentrolStation_x_Mission Pshot

0.90 ?

=2
=)
wn

=2
o
o

=
)
u

GroundCentrelStation_x_Mission__Pkill
=
~
[=]

o
&

0.60

LSS
15000 20000 25000 30000 35000 40000 45000 50000

GroundControlStation_x_Mission__altitude_in

2
=
-

T e
=
%]

GroundContralStation_x_Missien__Pshat
o
-
f=]

o
[=]
(-]

0.06
15000 20000 25000 30000 35000 40000 45000 50000
GroundControlStation_x_Mission__altitude_in

oo+ 8@

¢ Add Trade Study || Delete Trade Study ‘ & Run Trade Study | Bl Graph Results

1 Derive Reguirement

N 0K H & cancel

SYNAPTICAD



AADL Integration

Simulation models are architecturally analogous to AADL language.

gl B MQY_SoSaadl % |

rcraftl x_FLIR | GroundControlStation_x_Mission Aircraftl_x_FLIR | GroundControlStation_x_Mi

SYNAPTICAD



Acausal Solver/Driver

 Acausal simulation means that what we consider an input or output is not
fixed. All models are solved as a system of equations using two methods:

Simulator

EquationSolver EquationSolver EquationSolver

Equation Solver

Simulator (System of Systems)

71

~SYNAPTICAD
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Acausal Method 1

« Each system is rendered as an equation to be solved at every timestep. The
simulator is the driver and the equation solver runs behind the scenes:

Subsystems
Aircraftl_x_FLR | GroundControlStation_x_Mission

kSSubsystem
Aircraftl x_FLIR
#$Type

FLIRModel
#$FidelityLevel

1

#$VWLevel

1

#$DeltatLocal
3600.0
#$Parameters
Ae=0.1
altitude_in=40000.0
distance_to_target_in=6.0
speed_in=175.0
#$Inputs

None

#$Outputs
altitude=30000.0
speed=175.0
distance_to_target=6.0
SNR=4147

Add Subsystem Change Variable Names

Acausal System

Check Inputs

Generate

System Of Systems Regenerate Acausal | Scin File

Subsystems
Aircraftl_x_FLIR_GroundCo

#§Subsystem
Aircraftl_x_FLIR_GroundCi
#$Type
FLIRModel_MissionModel
#$FidelityLevel

1

#$VWLevel

1

#$DeltatLocal

3600.0

#$Parameters

Ae=0.1
altitude_in=40000.0
distance_to_target_in=6.0
speed_in=175.0
loiter_time=12.0
SNRsar=3.883
weight_gbu=1000.0
#$Inputs

None

#$Outputs

Pdetect=09

Phit=09

Pkill=0.9
Pshot=0.1
altitude=30000.0

A-17EN

Add Subsystem: Cha
Generate

System Of Systems /

Equation Solver

A

ntrolStation_x_Mission

Subsystems Subsystems

Aircraft]l_x_FLIR_GroundControlStation_x_Mission Aircraftl_x_FLIR_GroundControlStation_x_Mission

#§Type i #§Type
FLIRModel_MissionModel FLIRModel_MissionModel
#§FidelityLevel #§FidelityLevel

1 i

#3\WLevel #§Wlevel

1 i

#3Deltatlocal #§DeltatLocal

36000 3600.0

#3Parameters #$Parameters

Ae=0.1

Pkill=0.9
altitude_in=40000.0

altitude_jn=

distance_to_target_in=o: distance_to_target_in=6.0

speed_in=175.0 speed_in=175.0

loiter_time=12.0 | loiter_time=12.0

SNRs2r=3.383 i SNRsar=3.883

weight_gbu=1000.0 weight_gbu=1000.0

#3Inputs #§Inputs

None Nane

#30utputs #30utputs

altitude=30000.0 Ae=01

speed=175.0 altitude=30000.0

distance_to_target=6.0 speed=175.0

SNR=4.147 distance_to_target=6.0

SNRflir=4.147 SNR=4.147

Pdetect=0.9 SNRflir=4.147

Phit=0.9 Pdetect=09

Pkill=0.9 Phit=0.9

Pshot=0.1 - Pshot=0.1

Add Subsystem Change Variable Names Check Inputs I Add Subsystem Change Variable Names | | Check Inputs J
Generate Generate

System Of Systems | Acausal System @ Scin File [ System Of Systems | Acausal System |

'

StimulusAndResults.btim *
g lacns | [htomlad [uci]ido] o [va [l wn[wo] [i] BR] Pl [emed
1.601ks 1.601ks ‘ ‘4K§ L ‘5K§ L |6k§ L ‘?k‘s‘ L |8k§ L |9kls‘ |10‘I(s‘
46 | ru| Aircraft1_x_FLIR_GroundControlStation_x_Mission SNRsar 3.883
47 | rrjeraft!_x_FLIR_GroundControlStation_x_Mission.weight_gbu 1000
48 | o Aurcraftl_x_FLIR_GroundControlStation_x_Mission. Ae 017022134363

Scin File

SYNAPTICAD
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Acausal Method 2

« The entire SoS is viewed as an equation to be solved over the entire span
of time of the simulation. The equation solver is the driver and the
simulator runs behind the scenes.

#;, SolverCAD

Fi

le Help

Simulator = Equation Solver

(5 B B 5

C./A/PythonWork/solvercad/engine/ExampleProblems/MQ9AGS_b.scin

Nl MO~ & & 0O

New Open Save Save Guess Errors Solve Sort Adjust Check Solve Graph Generated Local Time

[=]

B OSSO L

[E=N NN =5

Remove Show | Window Tab |[Lock| Help About
As Function Functions Functions Time Variables @
File Guesses Solver Misc Layout Help
Documentation 8 Egquations B  Solution B
e 1 Aircraftl_x_Structure_ total weight=LocalFunctions.GetSimResults(Aircraftl_x_Structu = 1Solution 1 of 1 -
2 Aircraftl_x_FuelTank_ fuel weight=LocalFunctions.GgtSimhk Tes i Sl Skrnet Aircrafttl x_FLIR_ Ae = @.17021165469305916 dimensionless
3 Aircraftl_x_SAR_ aircraft_mode=LocalFunctions.GetSimResults(Aircraftl_x_Structure_ b _ 3 Aircraftl_x_FLIR_ C = 1161202.5784799999 dimensionless =
4 Aircraftl x SAR  SNR=LocalFunctions.GetSimResults(4ircraftl x Structure base weight| ™ 4 Aircraftl x_FLIR _F = 0.27866741803900003 dimensionless
hi 5 Aircraftl_x_SAR_ rs=LocalFunctions.GetSimResults(Alrcraftl_x_Structure_ base_weight,. 5 Aircraftl_x_FLIR__ P = 621.78747828099995 dimensionless
< ) 6 Aircraftl_x_SAR_ R=LocalFunctions.GetSimResults(Aincraftl _x_Structure_ base_weight,A 6 Aircraftl_x FLIR__R = 15552.634373999999 dimensionless
Settings 5| 7Aircraftl_x_SAR_ V@=LocalFunctions.GetSimResults(Aircraftl x_Structure_ base_weight,. 7 Aircraftl_x_FLIR_ Rap = 1.3046518872599999 dimensionless
. 8 Aircraftl_x_SAR_ V=LocalFunctions.GetSimResults(Aincraftl _x_Structure__base_weight,A 8 Aircraftl_x FLIR S = 4.2356490609700001=-07 dimensionless
[ Generate function 9 Aircraftl_x_SAR_ W=LocalFunctions.GetSimResults(Aifcraftl_x_Structure_ base_weight,A 9 Aircraftl_x_FLIR_ SNR = 3.52970755081 dimensionless
Eunction return value: 18 Aircraftl_x SAR_ Pt=LocalFunctions.GetSimResults(Aircraftl x Structure_ base_weight, 10 Aircraftl x FLIR_ VO = @.0923788321751599999 dimensionless
11 Aircraftl_x_SAR_ C=LocalFunctions.GetSimResults(Aifcraftl_x_Structure_ base_weight,A 11 Aircraftl x_FLIR_ W = 222.06695652900001 dimensionless
Units for generated function 12 Aircraftl_x_FLIR_ aircraft_mode=LocalFunctions.Get$imResults(Aircraftl_x_ Structure__ 12 Aircraftl x FLIR_ aircraft_mode = 1.0 dimensionless
i . 13 Aircraftl_x_FLIR_ C=LocalFunctions.GetSimResults(Alrcraftl_x_Structure_ base_weight,. 13 Aircraftl_x_FLIR_ tau = ©.35273913824300002 dimensionless
Q) Base_Units _ Userlnput_Units 14 Aircraftl_x FLIR__ F=LocalFunctions.GetSimResults(Ajrcraftl x Structure_ base_weight, 14 Aircraftl _x_FuelTank_ fuel weight = 1820.0 dimensionless -
15 Aircraftl_x_FLIR_ P=LocalFunctions.GetSimResults(Alrcraftl_x_Structure_ base_weight, - | ¢ [ = S = m - — ol
Knowns B |Guesses B Local Functions B
Graphics Editor g |44 Aircraftl_x FLIR_P®=280.0 dimensionless » ||138 GroundControlStation_x Mission_ KilledTarget,9.9,1.1 « 1 import time -
45 Aircraftl_x_FLIR_ C8=1000680.8 dimensionless 39 Satellite_x_Comm__orbit_altitude,185665472.8,1291466 2 import Utils =
46 Aircraftl_x_GBU_ weight initial=1000.0 dimensionlegs 4@ Satellite x Comm__aircraft mode,0.9,1.1,1,dimensionl 3 import Globals
47 GroundControlStation_x_Mission__altitude_in=48068.4 dimens 41 Satellite_x_Comm__altitude,36000.0,44000.0,1,dimensi 4 schome,userhome, exhome, pubhome = Globals.g
48 GroundControlStation_x Mission_ loiter_time_in=12.4 dimens 42 Satellite x Comm__distance to_target,5.4,6.6,1,dimen 5
49 GroundControlStation_x_Mission__speed=175.8 dimensjonless 43 Satellite_x_Comm__speed,157.5,192.5,1,dimensionless 6 import sys
50 GroundControlStation_x_Mission  init_distance_to_tgrget=52 44 Satellite x_Comm__bombs_dropped,-5.0,5.9,1,dimension 7 sys.path.append('C:/A/PythonWork/AirForce
o = 51 GroundControlStation_x_Mission__target_observation |distanc 45 Satellite_x_Comm__SNRsar,?.7,3.3,1,dimensionless 8 sys.path.append('C:/A/Pythonlork/solvercac
52 Satellite x Comm__orbit altitude_in=117406080.0 dimensionl 46 Satellite x Comm_ SMRflir,2.7,3.3,1,dimensionless i 9 import TradeStudy
Title: 53 t=43200.08 dimensionless =47 Satellite_x_Comm__weight_gbu,908.6,11086.6,1,dimensic = ||| 18 res_dir = 'C:/Users/pmenegay/Desktop/MQS_/
— e GroundControlStation_x Mission_ Pkill=8.9 dimensior'}ewq Aircraftl x _FLIR_ Ae,0.1,0.2,1,dimensionless ~ |11
x v | xaxistitle: 4 - m b 4 n » i'" 12 def SaveAnswer_GetSimResults(arguments,ca’ «
y: v | yaxistitle: Function Units B Random Guess Settings B8 Error Criteria Settings B
z - | 7 axis title: 1 LocalFunctions.GetSimResults,dimensionless,® - 1 UseRandomGuesses True 1ErrCrit=1.0E-7

2 LocalFunctions.
3 LocalFunctions.
4 LocalFunctions.
5 LocalFunctions.
6 LocalFunctions.
7 LocalFunctions.
8 LocalFunctions.
9 LocalFunctions.
18 LocalFunctions.
11 LocalFunctions.
Simple Graph Settings | Multigraph Setting | 12 LocalFunctions.

GetSimResults,dimensionless,1
GetSimResults,dimensionless,2
GetSimResults,dimensionless, 3
GetSimResults,dimensionless, 4
GetSimResults,dimensionless,5
GetSimResults,dimensionless,6
GetSimResults,dimensionless,?’
GetSimResults,dimensionless,8
GetSimResults,dimensionless,9
GetSimResults,dimensionless, 1@
GetSimResults,dimensionless,11

2 NumRandomGuesses 1

3 NumPreGuesses 1

4 RandomGuessMethod LatinHypercube
5

2 SolveMethod=Numerical

3 AdjustGuessesBasedOnSolution=T
4 SolutionToUseForAdjustment=1

5 PercentSpreadAroundSolution=5
6 InputFileToModify=y_junk.scin
7
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Some Observations

Scale up.

— Human scalability: our ability to see, understand, and manipulate large
SoS models.

— Computational scalability: Multiple nested engineering models, solved
Iteratively by equation solver, are possible. Trade studies make this
WOrse.

“Explosion” of data caused by trade studies.

English requirements are backed up by requirements
expression through a computer language (i.e. Python).

Requirements modeling can be enforced through equation
solver.

The acausal capability allows for many scenarios without
having to rebuild the model. Inputs/outputs can be switched.

This tool is designed to be linked from 3" party systems
engineering tools such as AADL or SysML.

SYNAPTICAD
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1. Egn. Based Model Creator

analysis. Under development.

Solves any system of
nonlinear simultaneous
equations.

Manages the core
numerical library to
achieve robustness.

Generates Python
functions to use in
simulation code.

Uses a library concept
for storing functions for
later use.

A general purpose model-creation environment for engineering

|56 SolverCAD  C:\A\PythonWork\EngPy
File Help
Equation Solver

Solve any system of simultaneous equations

Click here to generate a scriptwrapper far this example
Click here to generate a function for this example
Function returnvalue? p2
Use base units in generated function?

© Base_Units Userlnput_Units

Get hints for filling out form: -

Graphics Editor

Graphics Settings for Multigraph(_piot Multigraph

StartPlot s
xdataydata_list=xyx,z
marker_| 0-,bo-
title=the big one
legend_list=red,blue
xlabel=x axis
ylabel=y axis
y2label=z axis
index_2nd_yaxis=6

I

< )
Simple Graphics Settings

X xcolumnhdr X axistitle: title here

¥y column hdr Y aistitle: title here

Z zcolumnhdr Zaxistitle: title here

Plot Graph

Graph Title Your Title

ExampleProblems\a_circular_orbit_is_in_sun.scin

#EquationsBegin
v=(mu/(Rearth+z))**0.5
T=((2.0*PD/(mu**0.5))*(Rearth+z)**1.5
h=(Rearth+z)*v
energy=-1.0*mu/(2.0*(Rearth+2))
t=(h**3/mu*2)*Theta

LocalFunctions.Cos(Ninety-ThetaShade2)=Rearth/(Rearth+2z)

ThetaShadel=ThreeSixty-ThetaShade2

#KnownsBegin

mu=3.986E14 m**3/sec**2
PI=3.1415926 dimensionless
Rearth=6378000.0 m

Z=600002.0 meter

t=10.0 sec
Ninety=1.5707963267949 rad
ThreeSixty=6.28318530717959 rad
ispos=1.0 dimensionless

+ Solution1ofl .
T = 580106655553 second
Theta = 0.0108310862147 radian E

M

ThetaShadel =
ThetaShade2 =

13011155582 radian
15307375136 radian

energy = -28561184.1327 meter**2/second**2

#GuessesBegin
v,1000.0,10000.0,1,m/sec
T,4800.0,8400.0,1,seC
h,1.0E10,2.64E11,1,m*2/sec
energy,-5.0,-143.0,1,m**2/sec**2
Theta,0.0175,6.37,1 rad
ThetaShade2,0.0175,1.57, 1 rad
ThetaShade1,4.71,6.28,1,rad
is_in_sun,0.0,1.0,1,dimensionless
fakevar,0.0,0.0,1 dimensionless

LocalFunctions.Cos,di; i -

L 'Guesses True

LocalFunctionsInShade,

lomGuesses 10

#ConstraintsBegin s

#0ptimizationBegin
#OptimizationEnd

Check System H Get Guesses

[ Solve and Generate Code " See Scriptwrapper H See Generated Function H Sort Guesses H Adjust Guesses

fakevar = 0.0 dimensionless
h=

52739279452.8 meter=*2/second

if(thetash2 > 0.0): o
return 1.0

else:
return 0.0

def IsinSun(theta,thetash1 thetash2):
if(theta < 0.05 and theta >= 0.0):
return 0
else:
return 1

m

#LocalFnsEnd

- EnCrit=1.0E-7 <
< )

+  #DOEBegin -
#DOEEnd

SYNAPTICAD
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2. System Builder

A GUI that helps you build, connect, and modify sub-system
models for simulation.

Create system models
from a library of pre-

#;, SimModelBuilder
File Edit View Tools Help

Simulator <
User Level

@) Decision Maker System Modeler

Ci\Users\pmenegay\Desktop\base2.sim

Model Creator

- Actions
b u I It S u bSySte I I lS . New ‘ ‘ Load ‘ | Save ‘ ‘ Save As ‘ | Check ‘ ‘ View ‘ | Generate ‘ ‘ OpenGen ‘ | LoadVerilog ‘ ‘ RunSim
Basic Subsystem Library/System Options
C re ate S u bs Ste m Project Name  satellite_1_VerilogConnectio -NpJ New Name Add Directory  C)\src\hdbase\scriptsim\Examples\Satellite\, | .
y TargetPath  C\A\AATest32 HardDrive| Orbit |Radar | SolarPanel | ThermalManager < Library Models System Models
- System Name  Sat #$Subsystem - Battery_UK Battery
m r m I n & Communications_UK Communications
TimeParameters ol Computer_UK Computer
#$Type HardDrive_UK HardDrive
Tbegin 0.0 = OrbitalMechanicsModel Orbit_UKTB Orbit
idelif Radar_UK Radar
#$FidelityLevel -
solver and external .
£ ThermalManaget ThermalManager
Deftat | 1.0 = #$DeltatLocal
to O I S StringLists i
. #$Parameters
material_strin ilicon’, thin_sheet_amorphous_si'/g mu = 398600.0

Publish subsystems to

allium_arsenide’, indium_phosphide’, multijunction_g
ainp_gaas’]

battery_string=['disconnected’, connected’]
computer_string=['off,'on’]

Rearth = 6378.1
z_sat_perigee = 500.0
z_sat_apogee = 510.0
i=40.0

- radar_string=['off,'on’,warmup','standby’]
I I b rar harddrive_string=["off’,'saving’, 'erasing’] Omega = 300
. communications_string=["off, transmit’, receive’] GOrEgE = Z0D

JD_base = 2450000.0

Add to System ‘ ‘ Replace | ‘Add to Library
- JD_relative_to_base = 7287.9
Replacement Rules
asily replace
lon_gnd = 241.81 o Model Type Fidelity Level Parameters
Inputs Outputs All

Change Variable Names | ‘ Check Inputs

Edit Calculations / Utils File

subsystems with e

higher/lower fidelity
ones.

SYNAPTICAD
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2. System Builder, cont.

Includes a feature to help you edit calculations or link to them

from external tools.

Add Calculations to Utils File
Options

Type

@) Function Library

(©) ModelCenter

() Excel

() ASCIL /O Executable

Function

Link to pre-built models in
SolverCAD, ModelCenter,
Excel, or your own
program.

Input Variables

Qutput Variables

Insert Python Code

Insert Calculation from External Model or Library

Location

Open Model

Generate and Insert Code

l def (fn.) ] [ class I [ import I
o e [pina
I list ] [ dict l [ read file l

Utils File

Open Utils File  C\src\hdbase\scriptsim\Examples\Satellite\ E

import math
import time
def ConvertToVerilogValue(val, stringlist name=""'):
val = str(val)
try:
val_type = type(eval(val))
if(val_type is float):
return eval(val)
elif(val_type is int):
return eval(val)
elif(val_type is bool):
if(val == "False'):
return @
else:
return 1
except MameError:
#means it is a string
stringlist = FindStringlistInStringlists(stringlists, stringlist_name)
int_val = ConvertStringInStringlistToInt(stringlist,val)
return int_val
def SetDelayAndVerilogOutputs(pasged_in_object):
delta wait = passediiniobjectjicurrent - float(passed_in_object.Sim.time())
passed_in_object.Qinternal_vvd.delay = (str(delta_wait),"Transport”)

nassed in ohiect.temn sat vwoldelav = (stridelta wait)."Transnort™)
4 1

»

oK H Cancel H Help

Buttons for quickly creating
common Python constructs.

Edit the calculation file
for any subsystem in Python.

SYNAPTICAD
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3. System Simulator

The system simulator combines a high-performance compiled-code

SystemVerilog simulator with a Python interpreter to enable engineering level
modeling of real world systems.

Timing diagram with
simulation results

Generated SystemVerilog
code.

Hierarchical view of
subsystems and
components.

Full IDE including single
step debugging,
breakpoints, etc.

Design browsing &
navigation.

Various output formats

£ BugHunter Pro (running Verilogger Extreme)

File Import/Export Edit Bus Parameterlibs Project Editor Simulate View

Options Window Hel

jectwEditonmSimulatznVi
vetugtun | W s | 5 AR el sHahé

[sinE) v |[Weios ]

ook

- JEa |

F=mEon |

LIE M
—ld

V¢I‘I|.03$¢If‘_£\lt,‘%lll¢i
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Multifidelity Model

« Models of different fidelity can

be switched on the fly.
 As the project advances, the

simulation environment remains

In place, and maintains
connectiveity with previous
models.

Replacement rules for
switching model fidelity

/

Variable mapping to ensure

Change Variable Names

Edit Library Model] Select Model Above

|
AL D " |-t
File Edit View Tools Help
Simulator
User Level
Decision Maker () System Modeler @ Model Creator
Actions
New Load Save Save As Chack view Generate | | OpenGen | | LoadVerilog | | Symthesis
Basic Subsystem Library/System Options
Project Name  Satellite_1_V hps New Name Add Directory  Csre\hdbasescriptsim ExamplesiSatellite
TargetPath  nenegay\Desktop\AATests4 orbit | ThermalManager Library Models ystem Models
i B #1Subsysiem sk Ot
ommunications
ThermalManager from ThermalManager_MC -
TimeParameters = =l Compressar
#§Type Computer_UK
Thegin 0.0 sec ThermaiModel FuelTank
HardDrive_UK
Terd 10000 e wisigelityLevel aniou
ettt d Orbit UK
10 = #WLevel Orbit UKTB
StringLists 1 Plant
#$Deltatlocal Radar UK
material_string='silicon’, thin_sheet_amarphous_si,g 10 SalarPane|_Excel
allium_arsenide inglum_prosphide, multjunction g SolarPanel_Hi
s #5Parameters SolarPanei_Lo
Battmy, swing={dlsconnactet conmectad] temp_sat init=200.0 SolarFanel_U
- seenned = = e
computer_string=[off o] oES ThemaiManager UK
radar_stris "off, on’, warmup’, standby’] S ChET
harddrive_string=[off, saving. ‘erasing| +10utputs
communications string=Colf, transmit. receive’] L=
temp_sat=0.0 Add to System Replace Add 1o Library
Replacement Rules
fodei Type [ Fidelity Level [ Parameters
Inputs Cutputs VAV Leve

Edit Calculations / Utils File

Edit System Model

Variable |

Current Subsystem Variables

#3Subsystem

SolarPanel from SolarPanel_Hi
#$Type

SolarPanelModel
#3FidelityLevel

1

#S$DeltatLocal

10

#$Parameters

[

array_area=3.0
theta=041015

Current Library Variables

#3Subsystem
SolarPanel_Lo
#$Type
SolarPanelModel
#3FidelityLevel

0

#S$DeltatLocal
10
#$Parameters
array_area=3.0
thetazl

1

Map: Library variable = Subsystem variable

#3Subsystem
SolarPanel_Lo
#§Type
SolarPanelModel
#$FidelityLevel

0

#$DeltatLocal
10

#$Parameters

i

array_area=array area
theta=theta

New Subsystem

#3Subsystem
SolarPanel_Lo
#$Type
SolarPanelModel
#3FidelityLevel

0

#$DeltatLocal
10

#$Parameters

1

array_area=3.0
theta=041015

Rename Mapped Variables

Cancel H Apply H Help ‘

- - /
continuity between models
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Model Libraries

 Subsystem model library.

— Orbit calculations, solar panel, battery, etc. are
publishable and retrievable from library.

Function library for equation solver.

— Generated functions can be accessed by System
Builder. ser=mmmmmmmms e

vvvvvv

=======

SYNAPTICAD
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Synthesis

« Compares simulation
subsystems with a catalog

of parts.

— User has presumably optimized
the subsystem and now wants to

select hardware.

— Software will choose the closest

part from catalog and

resimulate.

| OpenGen ‘ ‘ LoadVerilog Synthesis

[ Add |

Library/Syste:
Directory  C\src\hdbase'sc

Library Models

Battery_UK
Communications_UK
Computer_UK
FuelTank
HardDrive_UK
Orbit_Circular
Orbit_UK
Orbit_UKTB
Radar_UK
SolarPanel_Excel
SolarPanel_Hi
SolarPanel_Lo
SolarPanel_UK
ThermalManager_MC
ThermalManager_UK

Add to System ‘ ‘
Replacement Rules

Model Type Fidelity|

[ | | Do Parameter nsertion

Design Synthesis

Selected Subsystems from Catalogs
lon_exp = 26.9
exp_plusminus = 30.0
junk =2

SolarPanel, Selected Part = Model2
array_area = 6.0

theta = 0.4

solar_intensity = 1367.0
inherent_deg = 0.7

material = silicon

Do Catalog Selection
Modified Files

Orbit.py
SolarPanel.py

‘ OK ‘ ‘ Cancel

Inputs. Outputs
Edit Calculations / Utils File

Edit Library Model| Select Model Above |4t System Modell

All

SYNAPTICAD



fHH_Orbit_st

PAI

B

mu=398600.0

PAI

B

Rearth=6378.1

PAR

z_sat_perigee=500.@

PAI

B

z_sat_apogee=510.0

PAR

i=40.0

PA

=

Omega=30.0

PAI

=

omega=20.0

PAR

JD_base=2450000.0

PAR

JD_relative to_base=7287.9

PAI

=

lat_gnd=34.2

PAI

=

lon_gnd=241.81

PAR

gnd_plusminus=30.0

PAI

=

lat_exp=22.9

Sat

Satellite Model

atellite circles the

PAI

=

lon_exp=26.9

HHtt_SolarPanel

PAR

exp_plusminus=30.0

PAR

array area=3.8

PA

=

theta=0.0

PA|

=

theta=8.41015

INP

None

PAI

=

solar_intensity=1367.0

ouT

true_anomaly=8.0

PAI

=

inherent_deg=0.77

ouT

lat=0.0

PA|

=

material="silicon',material_string

ouT

lon=0.0

INP

is_in_sun=0rbit.is_in_sun

ouT

is_in_sun=False

ouT

power_output=0.0

ouT

is_over_gnd sta=False

is_over_exp_zone=False

ouT

altitude=505.0

Sat
thegin=0.0
tend=1006.0
deltat=100.8

NASA / JPL

mission is to collect earth da
download it to a ground station at
a battery in the sun and depletes the ba
simulation objective is to understand if the

sized properly.

in a standard elliptical orbit. It’s
ver an experimental zone and
other location. It charges
ry in the shade. The
bsystems are

#itttittt ThermalManager #HfHHE

it Battery wHHE

earth_albedo=0.3

capacity_rating=360000.0

solar_intensity=1388.0

voltage rating=12.0

stefan_boltzmann_const=5.67e-8

total energy charge init=2160000.0

temp_earth=290.0

con_state="connected',battery_string

temp_sun=5800.0

HHitfHHE Computer fHHHHE

satellite_power_draw=Computer.satellite_ power_draw

temp space=2.7

PAI

=

power rating=100.@

total_energy charge=0.0

radius_earth=6378.1%1000.0

N

PAR

on_state_init="on',computer_string

INP

solar panel_ power_ output=SolarPanel.power output

INP

radar_power=Radar.power

INP

harddrive power=HardDrive.power

4

INP

comm_power=Communications. power

INP

is over_gnd_sta=Orbit.is over_gnd sta

INP

is over_exp_zone=Orbit.is over_ exp_ zone

satellite_power_draw=0.0

on_state='off',computer string

power=@.0

st Radar_ i
PAR power on=300.0
PA|
PAR power_warmup=160.0
PAI
IN
OUT power_state='off',radar_string
OUT power=8.@

=

power_standby=200.@

=

power off=0.0

S

command=Computer. radar_command

sat_diameter=1.0

sat_absorptivity=0.7

sat_emissivity=0.9

earth_emissivity=0.5

sat_thermal_capacity=50.0

temp_sat init=300.0

sat_weight=10.9

is_in_sun=Orbit.is_in_sun

sat_altitude=Orbit.altitude

radar_power=Radar.power

radar_command="off",radar_string

harddrive_command="off",harddrive_string

communications_command="off',communications_string

R _HardDrive it

PAR storage capacity=658.0
PAR store_speed=8.5

PAR erase_speed=1.0

PAR power_rating=10.8
PAR amt_used init=300.0

INP command=Computer.harddrive command

OUT on_state='off',harddrive_string
OUT store_rate=0.0

OUT erase_rate=0.0
OUT power=0.0
OUT amt_used=0.0

M Communications fHHHiH
PAR transmit speed=10.0
PAR receive speed=20.0

PAR power_rating=5@.@

INP command=Computer.communications_command

OUT on_state='off',communications_string

OUT transmit_rate=8.0

OUT receive_rate=0.0
OUT power=0.0

computer_power=Computer. power

harddrive_power=HardDrive.power

comm_power=Communications.power

Qinternal=0.@

temp_sat=0.0
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Results

(2 StimulusAndResults.btim *
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—Battery slowly drains to 0
—Solar Panel does not recharge it when exposed to sun
le, the Solar Panel is undersized. Battery is oversized.
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Resultsg cont.

« One way to vary the solar
panel / battery size is to use
constrained randomization.

 Solution was to increase the
solar panel area from 3.0 to
4.0 m**2 and decrease the
battery capacity from
360,000 to 60,000 amp-sec.

nstrain_Batt_SolarPanel.sv

program Constrain Batt_SolarPansl

class Constrainer

rand integer cr_to_

rand integer cr:

rand integer a

constraint cl { cr_to_sar ¢ 20000;}

constraint ©f { or_to_aar > 10000:%

constraint ©3 { or »= 55000}

constraint cf { cr <= 2000000}

constraint of { »= 4}

constraint cb { 1071

constraint o { cr_to_aar cr # aar:}

endelass

initial

begin

Constrainer obj !

int wiile;

wii {"c: ‘users/prensgavsdesktopsdos csv', vt ;

$tw W ‘capacity_rating. arvay_srea “n')
1< ++

Ud . #0d “n",eobj.cr.obj. aar).
ation successful

Sdisplay(® Rando
end

lsE
$display("Randonization

failed");
sdisplay{obi .cr_to_aar)

en
ss5fclose(wiile):
endprogram

cr = Z0d  asr = %0d cr_to_asr = x0d",

obj.cr.obj.asr.obi. cr_to_aar)

’— Constrain_Batt_SolarPanel.sv x ,'
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Results, cont.

 This could also have been achieved by driving
the simulator from a ModelCenter DOE.

’? Phoenix Integration ModelCenter 11.2 - [C\Users\pmenegay\Desktop\ConstraintRandomization\cr_to_aar.pxcz*] - [Model (Analysis View)]
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Overall Results

Once engineering models were made, system integration was
fast, 1-2 days for this case.
— Model libraries were key.

Provision for multi-fidelity model switching allowed project to
remain within a single environment throughout its life.

Scalability tests on a simple vehicle object lends credence to
the SystemVerilog approach.

— SystemVerilog can simulate up to memory limits of computer. 18
million vehicles for 32-bit and 40 million for 64 bit.

— SimPy by contrast could simulate 900,000 such objects.

Runs could be made faster by using event-driven simulation. A
10 fold speed up was achieved this way.
— Important for long run times over the life of the system.

We thank the NASA SBIR program for sponsoring this work.
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