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Abstract

Interface Control Document Generation and Linkage to PLM EBOM

Generation of Interface Control Documents (ICDs) using a model-based method has a number of
advantages over text-based approaches. This paper describes the Python-based software that was
written to automatically generate different versions of an ICD from a structure model in Capella.
One use case for this approach is checking parts changes captured in the Engineering Bill of
Materials (EBOM) using a PLM tool. We demonstrate an automated workflow that links changes in
the EBOM to a request to vet the change against the ICD. This presentation will discuss our
rationale, approach, results, and lessons learned.
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Definition (INCOSE)

“Model-based systems engineering (MBSE) is the formalized application of
modeling to support system requirements, design, analysis, verification and

validation activities beginning in the conceptual design phase and continuing
throughout development and later life cycle phases.”

INCOSE SE Vision 2020 (INCOSE-TP-2004-004-02, Sep 2007)
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Models: Engineers already create diagrams with useful information for systems engineering
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Subsystems and components shown
- Guidance, Navigation, & Control (GN&C)
= Propulsion
- Payload
= Avionics with Command & Data Handling (C&DH)

Interfaces captured
- Command and telemetry (cmd & tIm) link
= Fuel link
= GN&C sensor links (ex: sun tracker)

Key functions and data exchanges identified
Sense thermal emissions and sensor data
= Process signal and observation data
- Control sensor and cmd & tim data
- Generate system commands with orbital adjust cmd

Scenarios captured (collect payload sensor data)

Diagram created using data from the book: “Architecting Spacecraft with SysmL”
by Friedanthal and Oster



Interfaces

Generally best visualized using diagrams and tables...
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Interfaces

...but are usually controlled using Interface Control Documents (ICDs)

Actions that require less effort in diagrams and tables vs text ICDs:
1. Verifying completeness

2. Checking for mismatches

3. Capturing additions/modifications

Text ICDs are still needed for:

4. Viewing detailed specifications (power, dimensions, forces, etc.)

5. Combining text, diagrams, and tables

6. Common format (pdf) for version-controlled transmission to all stakeholders

Need: Visualization & analysis with detail & control

Interface Control Document: Spacecraft

Section 1.0 Avionics Subsystem

Subsection 1.1 CD&H Component
Physical Link: orbital and attitude adjust cmd
Exchange Item: <NONE>
Port: cmd&tlm i/f
Interfacing components:

. GN&C SW via the port: cmd & tlm i/f

Subsection 1.2 CD&H Component
Physical Link: crd & tlm
Exchange Item: cmd
Port: emd&tlm i/f
Interfacing components:
. Payload SW via the port: cnd &tlm i/f

Subsection 1.3 CD&H Component
Physical Link: observation data]
Exchange Item: <NONE>
Port: mission datai/f
Interfacing components:
. Communications Subsystem via the port: mission data i/f

Subsection 1.4 CD&H Component
Physical Link: observation data
Exchange Item: <NONE=>
Port: observation data i/f
Interfacing components:
. Signal Processor via the port: observation data i/f

Subsection 1.5 CD&H Component
Physical Link: cmd & tlm
Exchange Item: tlm
Port: cnd&tlm i/f
Interfacing components:
. Payload SW via the port: cmd&tlm i/f




MBSE for Interface Control

In the model-based approach, the diagrams are models captured by an underlying data model. The data model is the master.

Documents and views are generated from the data model.

Interface Control Document: Spacecraft
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View

Section 1.0 Avionics Subsystem

Subsection 1.1 CD&H Component == | .
Physical Link: orbital and attitude adjust cmd = =<
Exchange Item: <NONE> oy \\v._r'
Port: cnd&tlm i/f = ,k:l
Interfacing components: e e

. GN&C 5W via the port: cmd & tlm i/f

Subsection 1.2 CD&H Component
Physical Link: cmd & tlm
Exchange Item: cmd
Port: cmd&tlm i/f
Interfacing components:
. Payload SW via the port: emd&tlm i/f

Subsection 1.3 CD&H Component
Physical Link: observation datal
Exchange Item: <NONE>
Port: mission data i/f
Interfacing components:
. Communications Subsystem via the port: mission data i/f

Subsection 1.4 CD&H Component
Physical Link: observation data
Exchange Item: <NONE>
Port: observation data i/f
Interfacing components:
. Signal Processor via the port: observation data i/f

Subsection 1.5 CD&H Component
Physical Link: cmd & tlm
Exchange Item: tlm
Port: cond&tlm i/f
Interfacing components:
. Payload SW via the port: emd&tlm i/f

Data Model = Master

Text Document




Benefits of MBSE for Interface Control

Action/Check How addressed

Verifying completeness Visual check can be trusted, since the views are derived from the model, which is the master. Can
also validate algorithmically for data not on the diagram (ex: specifications).

Identifying mismatches Can validate algorithmically vs manual text comparison

Capturing See addition of external interfaces example below. Subsystem and interface updates in the
additions/modifications model are automatically generated in the ICD, no manual updating required.
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Example benefit: generating multiple consistent ICD variations from one data model (requires code!)

Ehaadd

By subsystem l

Section 1.0 Avionics Subsystem

Subsection 1.1 CD&H Component

Physical Link: observation data
Exchange Item: <NONE>
Port: observation data i/f
Interfacing components:
. Signal Processor via the port: observation data i/f

Subsection 1.2 CD&H Component
Physical Link: observation data
Exchange Item: <NONE>
Port: mission datai/f
Interfacing components:
. Communications Subsystem via the port: mission datai/f

Subsection 1.3 CD&H Component
Physical Link: cmd & tlm
Exchange Item: cmd
Port: emd&tlm i/f
Interfacing components:
. Payload SW via the port: emd&tlm i/f

Subsection 1.4 CD&H Component
Physical Link: cmd & tlm
Exchange Item: tim
Port: cmd&tlm i/f
Interfacing components:
. Payload SW via the port: emd&tlm i/f

Subsection 1.5 GN&C SW Component
Physical Link: propulsion cmd
Exchange Item: <NONE>
Port: emd & tim i/f
Interfacing components:
. Propulsion SW via the port: emd & tim i/f

By interface l

Section 1.0 IMU Data

e  GN&C SW Component exchanging item: <NONE>
e [Inertial Measurement Unit Component exchanging item: <NONE>

Section 2.0 sensor data
e  Payload Sensor Component exchanging item: <NONE>
e  Signal Processor Component exchanging item: <NONE>

Section 3.0 Fuel

e  Thruster Component exchanging item: <NONE>
e  Propellant Line Component exchanging item: <NONE>

Section 4.0 Mag data
e  Magnetometer Component exchanging item: <NONE>
e  GN&C SW Component exchanging item: <NONE>

Section 5.0 Fuel

e  Pressurant Tank Component exchanging item: <NONE>
e  Regulator Component exchanging item: <NONE>

Table

parent component physic;:_ports physical_links exchanges
0|Avionics Subsystem  [CD&H cmd&tim i/f orbital and attitude adjust cmd
1|Avionics Subsystem  |CD&H observation datalobservation data observation data
2|Avionics Subsystem CD&H mission data i/f |observation data
3|Avionics Subsystem  [CD&H cmd&timi/f cmd & tim cmd & tim
4|GN&C Subsystem GN&C SW cmd & tim i/f  |propulsion cmd
5|GN&C Subsystem GN&C SW cmd & tim i/f  |orbital and attitude adjust cmd
6|GN&C Subsystem GN&C SW PP 2 sun tracker data
7|GN&C Subsystem GN&C SW PP3 star tracker data
8|GN&C Subsystem GN&C SW PP 4 Mag data
9|GN&C Subsystem GN&C SW PP5 IMU Data
10|GN&C Subsystem Magnetometer PP1 Mag data
11|GN&C Subsystem Sun Tracker PP1 sun tracker data
12|GN&C Subsystem Star Tracker PP1 star tracker data
13|GN&C Subsystem Inertial Measurement|PP 1 IMU Data
14|Payload Subsystem Payload Sensor PP1 sensor data sensor data
15|Payload Subsystem Signal Processor observation datalobservation data observation data
16|Payload Subsystem Payload SW cmd&timi/f cmd & tim cmd & tim
17|Payload Subsystem Signal Processor PP1 sensor data sensor data
18|Propulsion Subsystem |Pressurant Tank PP1 Fuel
19|Propulsion Subsystem |Pressurant Tank PP2 Fuel
20|Propulsion Subsystem |Propulsion SW PP1 command
21|Propulsion Subsystem |Propellant Line PP 2 Fuel
22|Propulsion Subsystem |Thruster PP 2 Fuel
23|Propulsion Subsystem |Regulator PP3 command
24|Propulsion Subsystem |Regulator PP 2 Fuel
25|Propulsion Subsystem |Regulator PP1 Fuel
26|Propulsion Subsystem |Propulsion SW cmd & tlm i/f propulsion cmd
27|Propulsion Subsystem |Propellant Tank PP1 Fuel
28|Propulsion Subsystem Fuel

Propellant Line

PP 1

= -




Generating ICDs from the Model

v ®M2Doc
OVERVIEW

OVERVIEW DOWNLOAD GET STARTED ~

GET INVOLVED ~ DOCUMENTATION v  SUPPORT

Document

Template

M2Doc

Generated

Document

FAQ

Python Capella MBSE Tools #

Date: Nov 01, 2022 Version: 0.5.4.dev8

Description

This library was designed to enable and support Model Based System Engineering using Polarsys’
Capella with Python. Common usage for this API:

¢ parsing .aird files
® casy access to model elements and objects
* property-value access and manipulation

® diagram access and export as SVG

Additionally and as a core idea it provides an interface for the underlying database of the Capella

model.

Since v0.5, it also supports a simple, but powerful declarative modelling language, which is based on the

API for the semantic model.

https://www.m2doc.org/

https://dsd-dbs.github.io/py-capellambse/




Generating ICDs from the Model
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Generating ICDs from the Model

<

View Run

File Edit

{ Documents [ capella_mb:

Mame = Last
Modified
= py-ca.. 8 months ago

® 01 Intr~. B menths ago
® 02 intr... 8 months ago
E b2e-5.. 7 months ago
1b2e.csy 7 months ago
B g2l-Sw.. ? months ago
E o2l.osv

7 maonths ago
E c2p.csv 7 months ago
0 demo... 7 months ago
O CD M. 8 months ago
B 1D 5t.. 8 months ago
012D Us... 8 months ago
H 10 Vi
0 1E0_Li...
E jcd_ma... 7 months ago
cd_ma... 7 months ago
O jcd_ma... 7 menths ago
O CD-5.. 7 months ago
B 1CD.csv 7 months ago
O 1C0.do... 7 months ago
O 1CDuxlsx B8 months ago

B months ago
7 maonths ago

O interfa.. 7 months ago
* " MyTes.. 7 months ago
" MyTes.. 8 months ago
B space.. 7 months ago
B Supers... 7 months ago
E temp.c... 7 months ago
% test_m.. 8 months ago

L - T

Kernel

Tabs
= MyTest Physical Ar=

localhost {

Settings Help
® Bpacecraft ICD Exi®

® 0 f o+ = oo w Markdown -

Generate Interface Control Diagram from Capella Model
Mote: In this notebook we will use pandas dataframes library to construct and visualize tables, if you don't have pandas installed in the current environemnt you may want to do so by running the cell balow.

Ipip install pandas
!pip install python—decx

Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:
Requirement already satisfied:

pandas in fUsers/mikealifoptfanaconda3s/Llib/python3.8/site-packages (1.2.4)

python-dateutil==2.7.3 in /Users/mikeali/opt/anacondad/1ib/python3.8/site-packages (from pandas) (2.8.1)
pytz==20817.3 in fUsers/mikealifopt/anacenda3/lib/python3.8/site-packages (from pandas) {2821.1}

nunpy>=1.16.5 in fUsers/mikealifopt/anaconda3/lib/python3.8/site-packages (from pandas) (1.28.1)

Requirement already satisfied: siw»=1.5 in fUsers/mikealifopt/anaconda3/1lib/python3.8/site-packages (from python-dateutil==2.7.3-»pandas) (1.15.8}
Requirement already satisfied: python-docx in fUsers/mikeali/opt/anaconda3/lib/python3.8/site-packages (8.8.11)

Requirement already satisfied: lxml==2.3.2 in fUsers/mikealifopt/anaconda3/lib/python3.8/site-packages (from python-docx) (4.8.3)

The cell below loads our test model so we could play with it and silences warnings.

inport capellambse
inport logging
inport pandas as pd
import math

logging.getlogger().setlevell logging. CRITICAL)
path_to_medel = “/Users/mikealifDocuments/capella_mbse/Toy Catapault.aird"
model = capellanbse.MelodyModel{path_to_model)

but before we jump into code, lets have a look first at Capella metamodel concerning the Physical Architecture layer (PA).

Things in PA are very similar to what we see in SyshL when it comes to ibd s (Internal Block Diagrams] - the boxes we see on those are Part s that are instanciated from Bleck objects. Same happens in
Capella - the boxes we see on PAB diagrams are Parts that were instanciated from PhysicalComponent s. Here glso comes the very special difference of Capella - unless you explicitly enable part re-use,
PhysicalComponent will always have only ane Part. This is the default behavior of Capella.

Cur APl should support both cases but at the momeant we don't use models with part re-use enabled in production yet and so don't test the library against this case. Yet we do implement Parts and support
many parts - one component relationship model.

One more issue to mention - rendering PA diagrams outside of Capella was never a high priority so the resulting representations of PABs rendered without Capella are not very accurate at the moment. We hope
o improve it soon though. If you still do want to see how it looks like when we render it right now - uncomment the # diagram in the cell below

diagram = model.pa.diagrams.by_name("[PAB] Structure™)
#diagram = model.pa.diagrams.by_name(" [CBD] Data")
diagram

Python 3 O
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Generating ICDs from the Model

Read diagram
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diagran = model.pa.disgrans.by_nane(" [PAB] Structure”)

#diagran = nodel.pa. diagrams.by_nane (" [C8D] Data")
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Convert diagram to table

component nature physical_ports physical_parts_uuid

620a8791-5209-4042-a1c2-

CO&H  NODE 082788fteei2

emdatim if

COBH NODE  cmatump S2DaSVal-Sasdsosc sz

2788i0ee12

CDAH NODE mission daia ff 12048384-4300- 408 sles.

Hagewiaerit
Observation  0382716-6bd6-41a0-de-

Cosk NoDE data if e02cc5572320
; 62baBI9i-5add-d0kc-stc2-

D&M NODE  emdatm Uf io-d0dc.stel,

1557c0fg- 34bf-4608-Ocga-
GNECSW  NODE PPa e
Gicach89-4227-438b-8300-
GN&CSW  NODE PP3 e
2030be3c-cood-4daf-aaef-
GNECSW  NODE ep2 S

. Ofda0cce-1cas-adan-Beln-
GN&CSW NODE  omd &tm if coditet81355

7281133a-5fec-22a8-9220-
GN&C W NODE pPs e

8952031a-8d05-418b-beS7-
Sun Tracker  NODE op2 FySy

6fe35006-2452-4733-8875-
Magnetometer  NODE op2 S
c64aa2ba-cafl-43cd-8059-
Sun Tracker  NODE po1 N iteaas
9fda0cce-1caB-dda1-etb-
GN&CSW NODE  cmd &tm if e

Inertial 5556f138-cO- dand-88at-
Measurement Unit NODE el effffogodfib
€232713c-d16-4523-240a-

Star Tracker  NODE PP 1 e

exchanges

emd & tm

abservation
data

omd & tm

exchange_items

NaN

physieal_links

tal and
atritude adjust

emd & tim

observation data

observation data

omd & tim

Mag data

star tracker data

sun tracker data

ortital and
atritude adjust

IMU Data

Solar Radiation

Magnetic Field

sun racker data

propuision cmd

IMU Data

star tracker data

physical_links_uuid
52830465-G20a-4aaf-
0584-687152337d8c

feeba170-a4a0-4087-
8:06-362182072e00

b2B87c85-0529-4511-
Bec2-efoetfe127b?
Aeacasfe-804d-4996-
bat1-GeriGaidobad
feeba170-a4dD-2087-
8206-362182072200
28124972-6df8-d4%-
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83dc-03bbaBr15345
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910c-ceaad69ese3d

52830465-G20a-4aaf-
0584-687152337d8c

00302169-6541-498b-
bab-da2ifdd3661c

11512a16-5130-403F-
280¢-2107cc8 0244
51502048-6056-4638-
0a1b-6b2a7cBb7ER
b02b7ete-bad3-4177-
91dc-ceaaddebiedd
7784ba2-158e-43ad-
ata-1abe31b0503L
00302169-5641-498b-
bSan-da2iida368Te

9aB37ffd-ec38-4417-
83dc-03bbAEr 15345

exchanges_uuid

3392180-8320-4572-
atel-510a0b7e3a08

868bodfs-eb73-4473-
8416-Ocec2bblelds

93926BD-2220-4512-
ate1-8i0a0b7e3a08

Output table in desired format

Section 1.0 Avionics Subsystem

Subsection 1.1 CD&H Component
Physical Link: observation data
Exchange Item: <NONE>
Port: observation data i/f
Interfacing components:
. Signal Processor via the port: observation data i/f

Subsection 1.2 CD&H Component
Physical Link: observation data
Exchange Item: <NONE>
Port: mission datai/f
Interfacing components:
- Communications Subsystem via the port: mission datai/f

Subsection 1.3 CD&H Component
Physical Link: cmd & tim
Exchange Item: cmd
Port: emd&tim i/f
Interfacing components:

. Payload SW via the port: cmd&tlm i/f

Subsection 1.4 CD&H Component
Physical Link: cmd & tIm
Exchange Item: tim
Port: cmd&tlm i/f
Interfacing components:
. Payload SW via the port: emd&tImi/f

Subsection 1.5 GN&C SW Component
Physical Link: propulsion emd
Exchange Item: <NONE>
Port: cmd & tim i/f
Interfacing components:
- Propulsion SW via the port: cmd & timi/f




Linking BOM changes to interface impact

) Change part, . EBOM Tool (PLM)
Design assembly, or |»| Define m————
Engineer component change > G

Request review
for impact by
subsystem owner
Identify potentially
impacted
Systems subsystem(s)
Engineer (or
ICD owner)

Review change

for impacts




F’Strucmne Subsystem FHarness Subsystem

FlPayload Subsystem
T Payload Sensor
B payload Sensor

| Sense Thermal |
@ oot
_Emissions

MBSE Model and EBOM

Flspacecraft

- Communications

’E‘ Power Subsystem

FThermal Subsystemn

GEMN0D0242/A;3-Spacecraft - Latest Working - Date - "Mow"

BOM Line Price /

Source of Material

[ avionics Subsystern

| co—
ECpaH

bservation| data

e

prvationdata
N\

EcDaH

L2 :
\\ NGRR nlink Data
T
~———
—"

PBcmd & tim

M propulstion crmid

ouflorbital angdftitude adjust emd

Epropulsion Subsystem

{ElPressurant Tank

B 5en) orﬁiﬁism data
it
Bl shservation-date
. D ohservation-datr
DM pbservation data
FurctionglExc
LRI
De T L T
EGNA&C Subsystem
EIGNAC SW J{, A
A~
Im} 0 |
DBl sium tracker divlstar tracker data D8 pag|data HIN‘U}Jata
{1 i1
Sun Star FlMagnetometer Inertial
Tracker Tracker ElMeasurement
Unit

FEpropulsion SW |
[

O
‘ EPropellant Tank

% GENO00242/A;3-Spacecraft
1% GENOD0243/4:2-GNAC Subsystem
= GEMODD248/A:2-GN&C SW

% GENOD0249/4;2-5un Tracker
% GEM0OD250/A;2-Star Tracker
% GEMODD251/A;2-Magnetometer
é} :5 GEMOD0252/ 8 2-Inertial Measurement Unit
i GENODD266/A:2-Ultimate Sensor Fusion Solution
1 7 GENODD267/4;2-USE Cable
E—J?’,J GEMNODD244/ 4, 2-Avionics Subsystem

5™ GENDD0245/A:2-CADH Assembly

GEM0D0246/A;2-Main Logic

7 GENDDD247/A;2-MCU

7 GENDDD257/A;2-Supervisor Circuit
? GEMNOD0258/4;2-Real Time Clock
7 GENDD0258/4:2-RS-232 Level Converter
GEMOD0Z33/A;2-Memory

- GENODD260/4:2-Memory
GEMNODD254/A;2-Power

- GENO0D261/4:2-Power MOSFET
GEMN0D0Z2535/A;2-Analog-toDigital

- F GENODD262/4;2-ADC
GEMODD236/A;2-5ensors

7 GENDDD263/4;2- Thermistor

7 GEN0D0264/4:2-Current Sensor

S GENODD265/4:2-12C Temperature Sensor
B2 GEMNOD0268/A;2-Payload Subsystemn

% GEN0D0275/A;2-Payload Sensor

% GENODDD276/A;2-Signal Processor

% GENODDZT7/4;2-Payload SW

- % GENOD0269/A;2-Propulsion Subsystem

% GENDD0Z78/A;:2-Propulsion SW

% GENDD0279/4:2-Pressurant Tank

§14.36
§3.86
§6.73
50.90

§2.37

83.75

§8.80

50.00

§1.88
§3.63

Atmel
Maxim
Dallas Semi
Maxim

Atrel

Internation Rectifier

Texas Instruments

Sl

Maxim
Mational Semi
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MBSE Model and EBOM

GEMO00242/4:3-5pacecraft - Latest Working - Date - "Mow"

BOM Line Price /

Source of Materal

“ GEMDD0242/4;3-Spacecraft

Bl "‘ GEMOD0243/4,;2-GMNE&C Subsystemn

- % GENDD0248/A;2-GN&C SW

% GEMNODD0249/A;2-5un Tracker

'3}: GEN0D0250/A;2-Star Tracker

- % GENDD0251/A;2-Magnetometer

B % GENOD0252/A;2-Inertial Measurement Unit
----- ? GEMO00266/A; 2-Ultimate Sensor Fusion Solution
------ - GENDOD267/A;2-USB Cable

- "fx GEMO00244/A;2-Avionics Subsystem

- % GENDD0245/A;2-C&DH Assembly

=2 " GEMOD0246/4;2-Main Logic

- GENOD0247/A;2-MCU £14.36
- 7 GENOD0257/A:2-Supervisor Circuit 53.86
? GEMOD0258/A;2-Real Time Clock £6.73
----- ? GEMOD0259/A;2-R5-232 Level Converter £0.90
B % GEN0D0253/A;2-Memory
----- ? GEN000260/A;2-Memoary 8237
- % GENOD0254/A;2-Power
----- ? GEMODD261/A;2-Power MOSFET £3.75
= % GENODD235/4;2- Analog-toDigital
----- ? GEMODD262/A;2-ADC £8.20
=% GEMODD0256/ A 2-5enszors
--/F GENDD0263/A;2-Thermistor $0.00
? GEMO00264/4;2-Current Sensor 51.83
----- ? GEMO00265/4;2-12C Temperature Sensor 53.63

- % GENO00268/A;:2-Payload Subsystem
- GENODDOZ75/4;2- Payload Sensor
4 GEMOD0276/A;2-Signal Processor
- GENODD277/A;2-Payload SW
= GENDDD269/A:2-Propulsion Subsystem
- GENOD0278/A:2-Propulsion SW
“ GEMOD00279/A:2-Pressurant Tank

Atmel
Maxirm
Dallas Semi
Maxim

Atrmel

Internation Rectifier

Texas Instruments

Y5l

Maxim
Mational 5emi




Connecting the EBOM to the ICD Model

* Siemens approach (tracelink)

Siemens System Workbench tool-centric, tool only used by systems engineers
High effort: systems engineer must create links between BOM and system model, one-by-one
Tight coupling: requires the integrated Teamcenter/System Modeling Workbench setup

* Saratech approach

Teamcenter-centric, tool used by most of the engineering team

Low effort: filling attributes in a table, mostly cut and paste

Leverages Teamcenter workflow capabilities

Loose coupling between Teamcenter and System Modeling Workbench, compatible with service offering



HElHarness Subsystem

FSWCW re Subsystem|

Flpayload Subsystem
{ElPayload Sensor

® SEnsE.TP!ermaI
Emissions

Connecting the EBOM

{Fl5pacecraft

Communications
B Communications

Dawnlink

1E] Power Subsystem

GEMN0D0242/A;3-Spacecraft - Latest Working - Date - "Mow"”

Link EBOM to structure model with two custom attributes:
- mapping EBOM parts to subsystems (every item in BOM)
- mapping parts to I/O ports (where needed)

T Thermal Subsystem

BOM Line

|( ICD StructureMapping) I

( Interface Port

D |

Price /

Source of Material

] Avionics Subsystem

Data
0 s et
DB e e |
M ohservation data
FurctionglExc
il payload SW
| @ payioad sw ‘
Dl oo Bt
B8 cmd & tim
T BT
o8 o5 bital angd-dtt > adjust emd
EIGN&L Subsystem Epropulsion Subsystem
® } . .
GG l a6 o FEpropulsion SW {Fl pressurant Tank
= propulstion cmd o) 4
o 1 Il I} f [l [l
Do e oo £ e
DBl sium tracker divlstar tracker data D8 pag|data e}l Data 8 command , ._-_,I —
S o ) o ? ElPropellant Line |
g sun Star {ElMagnetometer Inertial Regulator . H
Tracker Tracker Measurement Dol i Fuel
J [ Unit 1 Thruster

5]
{Elpropellant Tank

ElNozzle .

% GENDD0242/A;3-Spacecraft
=1 % GENODD243/4:2-GN&C Sub system

ENDD0268/A;2-Payload Subsystem
* 00275/4;2-Payload Sensor

GEM0D0Z269/A;2-Propulsion
% GENOD0278/A:2-Propulsion SW
% GENODDD279/A:2-Pressurant Tank

Payload Sensor
Signal Processor
Payload SW

Propulsion SW
Pressurant Tank

P GENOD0248/A;2-GN&C SW GM&C SW
< GENOD0249/4;2-5un Tracker Sun Tracker
% GENODD250/4;2-5tar Tracker Star Tracker
< GEND00Z51/A;2-Magnetometer Magnetometer
F GEMOD0252/ 8 2-Inertial Measurement Unit MU
1 ‘f GEMDD0266/A;2-Ultimate Sensor Fusion Solution MU IMU Data Port
<7 GENOD0267/A:2-USE Cable IMU IMU Data Port
E—J---'?: GEMODD0244/ 4, 2-Avionics Subsystern
=% GENDDD245/4;2-CA&DH Assembly C&DH
( GENDDD246/4:2-Main Logic C&DH CMD & TLM I/F Port]
7 GENDD0247/4;2-MCU C&DH
7? GENOD0257/A;2-Supervisor Circuit C&DH
‘}: GEMNOD0258/A:2-Real Time Clock C&DH
7 GENDD0259/A:2-R5-232 Level Converter C&DH
ENOD0Z233/4;2-Memory C&DH
GEMNOD0260/4;2-Memory C&DH
C&DH
C&DH
C&DH
C&DH
» GEMODD256/A;2-S C&DH
7 GENDDD263/A:2-Thermistor C&DH
? GEMO00264,/4;2- Currdgt Sensor C&DH
‘)-C GEMND00265/A;2-12C Temyerature Sensor C&DH

§14.36
53.86
$6.73
50.90

52.37

$3.75

58.80

50.00

51.88
53.63

Atmel
Maxim
Dallas Semi
Maxim

Atrmel

Internation Rectifier

Texas Instruments

Y5l

Maxim
Mational Semi

\ Main Logic Board is linked to the C&DH
component and the cmd & tim i/f port



o Link EBOM to structure model with two custom attributes:

con nECtI ng M Odels (M BS E to E BO M) - mapping EBOM parts to subsystems (every item in BOM)
, _ - mapping parts to 1/0 ports (where needed)

GENDDD242/A;2-Spacecraft - Latest Working - Date - "Now —& -

BOM Line | (ICD Structure Mappin} ( Interface Port 5 | uuID | Source of Material | Price |
: LR % GENDDD242/A;2-Spacecraft
Bstructure Subsystem EHarness Subsystem Epower Subsystem| B Thermal Subsystem o GENDDD243/A:1-GN&C Subsystem . .
% GENO00248/A1-GNEC SW snec  Example: EBOM in Teamcenter links to ICD
BErayload Subsystem {7 Communications B avionics Subsystem L] GEMO00249/4:1-5un Tracker GME&C o -
@rayionsseror @ Communiations % GENOO0250/A;1-Star Tracker snac  model for change impact studies
@payload Sensor ol 7 GEMND00251/A;1-Magnetometer GMN&C
el \o] - =% GEND0D252/A; 1-Inertial Measurement Unit GN&C
A coar/ 7 GENODD266/A;1-Ultimate Sensor Fusion Soluti... IMU IMU Data Port
secpor Wuatsc - F GENODD267/4;1-USB Cable IMU IMU Data Port
@Signe| Procksspr £ % GENOD0244/A;1- Avionics Subsystem
@sord i = % GENO00245/4;1-CADH Assembly CA&DH
-5 GENDD0246/A;1-Main Logic CA&DH CMD & TLM I/F Port )
€ E& 1 7 GENODO247/#:1-MCU C&DH Atmel §14.36
signal Ol plserragordaT -
oo A—— B ehore Dot 7 GENDDD257/2;1-Supervisor Circuit C&DH Maxim 53.86
Paylosd SW 7 GENOD0258/4;1-Real Time Clock C&DH Dallas Semi 56,72
- 7 GENOD0259/4;1-RS-232 Level Converter  C&DH Maxim £0.90
eyad S ‘ % GENDD0253/A;1-Memory CaDH
i e GENODDD260/A;1-Memory CA&DH Atrnel 5237
=] % GENOD0254/A;1-Power CA&DH
te T GEMOD0261/4;1-Power MOSFET C&DH Internation Rectifier  $3.75
% GENDDD235/A;1-Analog-toDigital C&DH
¢ P GENDDD262/A1-ADC CA&DH Texas Instruments  $8.80
EIGN&C Subsyshem @ propulsion ubsystem E‘ _ln‘ GENDDDZSE;’AH—Sensors C&DH
BGNAC SW Errorivion W T T——— 7 GENOD0263/A;1-Thermistor CA&DH S §0.00
; J GEMOD0264/4:1-Current Sensor C&DH Mazxirm §1.88
S I | ~ ~| P GEMOD0265/4;1-12C Temperature Sensor C&DH Mational Semi §3.63
— -5 GEMOD0D268/A;1-Payload Subsystemn
an | e EMagnetometer ““H‘° % GEMO0DD275/A;1-Payload Sensor Payload
<% GEMND0D276/4;1-Signal Processor Payload
ey GENODD277/A;1-Payload SW Payload
- GEM0D0269/A;1-Propulsion Subsystem
% GEN0D0278/A;1-Propulsion SW Propulsion
5 GEN0DD279/4:1-Pressurant Tank Propulsion

<
Main Logic Board is linked to the C&DH
component and the cmd & tim i/f port

1. Achange to the Main Logic Board can now be checked for impact against
subsystems/components interfacing with the C&DH component

~2. Achange to the Main Logic Board can now checked for impact against all interfaces to

the cmd & tIm i/f port




Next Steps

Design
Engineer

If the customer uses a PLM system, we can use a semiautomated workflow to
identify potential interface impacts from parts changes

Change checkbox (select all that apply):

Change part) O  Structure
assembly, or Define < Function
change Q  Input/Output

component O  Performance
0 Other
Identify mapped -
subsystem Request review

— for impact by

Identify subsystem owner
mapped port(s)

~ Classification Properties

ease Status: Ty

ype:
Space Obj Revisien

Systems
Engineer(s) and
ICD Service

Identify potentially
impacted
subsystem(s)

r"

Update interface
model and
generate ICDs

Review change
for impacts

Data

Y
Package information:
- change description
- mapped subsystem
- mapped port (if applicable)

v

Package Information:

+ List of related

subsystems, ports, and

exchange items

Legend

| Semi-automated |

| manual |




Next Steps

Customer

ICD Service Workflow

Saratech

Send available materials
Review and approve sample model
Leverage model and documentation

Request changes

Assess materials
Create sample model and document
Create full model and documentation

Maintain model and documentation




Lessons Learned

* Extracting the diagrammatic information into a table takes trial-and-error (learning the data model).
Opportunity for Capella developers to provide Python-friendly interfaces to provide this data.

* Using Jupyter Lab with py-capellambse allows for rapid prototyping and documenting the process as
you go

* Powerful demonstration of the benefits of the model-based approach vs text-based



Saratech is an Ideal Partner

* Experienced leadership team
* Experienced engineers with a long track record of program success
* Program management & industry best practices for project control

*  We help solve complex problems

Thank you for your interest in Saratech
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