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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)



• Subsystems and components shown
- Guidance, Navigation, & Control (GN&C)
- Propulsion
- Payload
- Avionics with Command & Data Handling (C&DH)
- …

• Interfaces captured
- Command and telemetry (cmd & tlm) 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 & tlm data
- Generate system commands with orbital adjust cmd
- …

• Scenarios captured (collect payload sensor data)

Models: Engineers already create diagrams with useful information for systems engineering

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



Interfaces
Generally best visualized using diagrams and tables...

parent component physical_ports physical_links exchanges
0 Avionics Subsystem CD&H cmd&tlm i/f orbital and attitude adjust cmd
1 Avionics Subsystem CD&H observation data i/fobservation data observation data
2 Avionics Subsystem CD&H mission data i/f observation data
3 Avionics Subsystem CD&H cmd&tlm i/f cmd & tlm cmd & tlm
4 GN&C Subsystem GN&C SW cmd & tlm i/f propulsion cmd
5 GN&C Subsystem GN&C SW cmd & tlm 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 PP 3 star tracker data
8 GN&C Subsystem GN&C SW PP 4 Mag data
9 GN&C Subsystem GN&C SW PP 5 IMU Data

10 GN&C Subsystem Magnetometer PP 1 Mag data
11 GN&C Subsystem Sun Tracker PP 1 sun tracker data
12 GN&C Subsystem Star Tracker PP 1 star tracker data
13 GN&C Subsystem Inertial Measurement UnitPP 1 IMU Data
14 Payload Subsystem Payload Sensor PP 1 sensor data sensor data
15 Payload Subsystem Signal Processor observation data i/fobservation data observation data
16 Payload Subsystem Payload SW cmd&tlm i/f cmd & tlm cmd & tlm
17 Payload Subsystem Signal Processor PP 1 sensor data sensor data
18 Propulsion Subsystem Pressurant Tank PP 1 Fuel
19 Propulsion Subsystem Pressurant Tank PP 2 Fuel
20 Propulsion Subsystem Propulsion SW PP 1 command
21 Propulsion Subsystem Propellant Line PP 2 Fuel
22 Propulsion Subsystem Thruster PP 2 Fuel
23 Propulsion Subsystem Regulator PP 3 command
24 Propulsion Subsystem Regulator PP 2 Fuel
25 Propulsion Subsystem Regulator PP 1 Fuel
26 Propulsion Subsystem Propulsion SW cmd & tlm i/f propulsion cmd
27 Propulsion Subsystem Propellant Tank PP 1 Fuel
28 Propulsion Subsystem Propellant Line PP 1 Fuel
29 Spacecraft Communications Subsystemmission data i/f observation data
30 Spacecraft cmd&telemetry
31 Spacecraft Power Subsystem
32 Spacecraft Harness Subsystem
33 Spacecraft GN&C Subsystem
34 Spacecraft Structure Subsystem
35 Spacecraft Avionics Subsystem
36 Spacecraft Payload Subsystem
37 Spacecraft Propulsion Subsystem
38 Spacecraft Thermal Subsystem
39 Spacecraft System Spacecraft
40 Thruster Nozzle

parent component physical_ports physical_links exchanges
0 Avionics Subsystem CD&H cmd&tlm i/f orbital and attitude adjust cmd
1 Avionics Subsystem CD&H observation data i/fobservation data observation data
2 Avionics Subsystem CD&H mission data i/f observation data
3 Avionics Subsystem CD&H cmd&tlm i/f cmd & tlm cmd & tlm
4 GN&C Subsystem GN&C SW cmd & tlm i/f propulsion cmd
5 GN&C Subsystem GN&C SW cmd & tlm 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 PP 3 star tracker data
8 GN&C Subsystem GN&C SW PP 4 Mag data
9 GN&C Subsystem GN&C SW PP 5 IMU Data

10 GN&C Subsystem Magnetometer PP 1 Mag data
11 GN&C Subsystem Sun Tracker PP 1 sun tracker data
12 GN&C Subsystem Star Tracker PP 1 star tracker data
13 GN&C Subsystem Inertial Measurement UnitPP 1 IMU Data
14 Payload Subsystem Payload Sensor PP 1 sensor data sensor data
15 Payload Subsystem Signal Processor observation data i/fobservation data observation data
16 Payload Subsystem Payload SW cmd&tlm i/f cmd & tlm cmd & tlm
17 Payload Subsystem Signal Processor PP 1 sensor data sensor data
18 Propulsion Subsystem Pressurant Tank PP 1 Fuel
19 Propulsion Subsystem Pressurant Tank PP 2 Fuel
20 Propulsion Subsystem Propulsion SW PP 1 command
21 Propulsion Subsystem Propellant Line PP 2 Fuel
22 Propulsion Subsystem Thruster PP 2 Fuel
23 Propulsion Subsystem Regulator PP 3 command
24 Propulsion Subsystem Regulator PP 2 Fuel
25 Propulsion Subsystem Regulator PP 1 Fuel
26 Propulsion Subsystem Propulsion SW cmd & tlm i/f propulsion cmd
27 Propulsion Subsystem Propellant Tank PP 1 Fuel
28 Propulsion Subsystem Propellant Line PP 1 Fuel
29 Spacecraft Communications Subsystemmission data i/f observation data
30 Spacecraft cmd&telemetry
31 Spacecraft Power Subsystem
32 Spacecraft Harness Subsystem
33 Spacecraft GN&C Subsystem
34 Spacecraft Structure Subsystem
35 Spacecraft Avionics Subsystem
36 Spacecraft Payload Subsystem
37 Spacecraft Propulsion Subsystem
38 Spacecraft Thermal Subsystem
39 Spacecraft System Spacecraft
40 Thruster Nozzle

Diagram created using data from: “Architecting 
Spacecraft with SysML” 
by Friedanthal and Oster



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



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. 

View 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 
additions/modifications

See addition of external interfaces example below.   Subsystem and interface updates in the 
model are automatically generated in the ICD, no manual updating required.

Section 6.0 Mission System 

  Subsection 6.1 Ground Station Component 
    Physical Link: gnd cmd & data 
    Exchange Item: <NONE> 
    Port: PP 1 
    Interfacing components: 
        Communications Subsystem via the port: PP 3 

  Subsection 6.2 Spacecraft Component 
    Physical Link: Electrical & etc. 
    Exchange Item: <NONE> 
    Port: LV electrical i/f 
    Interfacing components: 
        Launch Vehicle via the port: PP 2 

  Subsection 6.3 Launch Vehicle Component 
    Physical Link: Electrical & etc. 
    Exchange Item: <NONE> 
    Port: PP 2 
    Interfacing components: 
        Spacecraft via the port: LV electrical i/f 

  Subsection 6.4 Earth Environment Component 
    Physical Link: Magnetic Field 
    Exchange Item: <NONE> 
    Port: PP 1 
    Interfacing components: 
        Magnetometer via the port: PP 2 

  Subsection 6.5 Space Environment Component 
    Physical Link: Star Light 
    Exchange Item: <NONE> 
    Port: PP 2 
    Interfacing components: 
        Star Tracker via the port: PP 2 

  Subsection 6.6 Space Environment Component 
    Physical Link: Solar Radiation 
    Exchange Item: <NONE> 
    Port: PP 1 
    Interfacing components: 
        Sun Tracker via the port: PP 2 

Section 6.0 Mission System 

  Subsection 6.1 Ground Station Component 
    Physical Link: gnd cmd & data 
    Exchange Item: <NONE> 
    Port: PP 1 
    Interfacing components: 
        Communications Subsystem via the port: PP 3 

  Subsection 6.2 Spacecraft Component 
    Physical Link: Electrical & etc. 
    Exchange Item: <NONE> 
    Port: LV electrical i/f 
    Interfacing components: 
        Launch Vehicle via the port: PP 2 

  Subsection 6.3 Launch Vehicle Component 
    Physical Link: Electrical & etc. 
    Exchange Item: <NONE> 
    Port: PP 2 
    Interfacing components: 
        Spacecraft via the port: LV electrical i/f 

  Subsection 6.4 Earth Environment Component 
    Physical Link: Magnetic Field 
    Exchange Item: <NONE> 
    Port: PP 1 
    Interfacing components: 
        Magnetometer via the port: PP 2 

  Subsection 6.5 Space Environment Component 
    Physical Link: Star Light 
    Exchange Item: <NONE> 
    Port: PP 2 
    Interfacing components: 
        Star Tracker via the port: PP 2 

  Subsection 6.6 Space Environment Component 
    Physical Link: Solar Radiation 
    Exchange Item: <NONE> 
    Port: PP 1 
    Interfacing components: 
        Sun Tracker via the port: PP 2 



Example benefit: generating multiple consistent ICD variations from one data model (requires code!)

Section 1.0 IMU Data 
   GN&C SW Component exchanging item: <NONE> 
   Inertial Measurement Unit Component exchanging item: <NONE> 

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

 
Section 3.0 Fuel 
   Thruster Component exchanging item: <NONE> 
   Propellant Line Component exchanging item: <NONE> 

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

 
Section 5.0 Fuel 
   Pressurant Tank Component exchanging item: <NONE> 
   Regulator Component exchanging item: <NONE> 

parent component physical_ports physical_links exchanges
0 Avionics Subsystem CD&H cmd&tlm i/f orbital and attitude adjust cmd
1 Avionics Subsystem CD&H observation data i/fobservation data observation data
2 Avionics Subsystem CD&H mission data i/f observation data
3 Avionics Subsystem CD&H cmd&tlm i/f cmd & tlm cmd & tlm
4 GN&C Subsystem GN&C SW cmd & tlm i/f propulsion cmd
5 GN&C Subsystem GN&C SW cmd & tlm 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 PP 3 star tracker data
8 GN&C Subsystem GN&C SW PP 4 Mag data
9 GN&C Subsystem GN&C SW PP 5 IMU Data

10 GN&C Subsystem Magnetometer PP 1 Mag data
11 GN&C Subsystem Sun Tracker PP 1 sun tracker data
12 GN&C Subsystem Star Tracker PP 1 star tracker data
13 GN&C Subsystem Inertial Measurement UnitPP 1 IMU Data
14 Payload Subsystem Payload Sensor PP 1 sensor data sensor data
15 Payload Subsystem Signal Processor observation data i/fobservation data observation data
16 Payload Subsystem Payload SW cmd&tlm i/f cmd & tlm cmd & tlm
17 Payload Subsystem Signal Processor PP 1 sensor data sensor data
18 Propulsion Subsystem Pressurant Tank PP 1 Fuel
19 Propulsion Subsystem Pressurant Tank PP 2 Fuel
20 Propulsion Subsystem Propulsion SW PP 1 command
21 Propulsion Subsystem Propellant Line PP 2 Fuel
22 Propulsion Subsystem Thruster PP 2 Fuel
23 Propulsion Subsystem Regulator PP 3 command
24 Propulsion Subsystem Regulator PP 2 Fuel
25 Propulsion Subsystem Regulator PP 1 Fuel
26 Propulsion Subsystem Propulsion SW cmd & tlm i/f propulsion cmd
27 Propulsion Subsystem Propellant Tank PP 1 Fuel
28 Propulsion Subsystem Propellant Line PP 1 Fuel
29 Spacecraft Communications Subsystemmission data i/f observation data
30 Spacecraft cmd&telemetry
31 Spacecraft Power Subsystem
32 Spacecraft Harness Subsystem
33 Spacecraft GN&C Subsystem
34 Spacecraft Structure Subsystem
35 Spacecraft Avionics Subsystem
36 Spacecraft Payload Subsystem
37 Spacecraft Propulsion Subsystem
38 Spacecraft Thermal Subsystem
39 Spacecraft System Spacecraft
40 Thruster Nozzle

By subsystem By interface Table



Generating ICDs from the Model

https://dsd-dbs.github.io/py-capellambse/https://www.m2doc.org/



Generating ICDs from the Model



Generating ICDs from the Model



Generating ICDs from the Model

Read diagram Convert diagram to table Output table in desired format



Linking BOM changes to interface impact

Change part, 
assembly, or 
component

Request review 
for impact by 
subsystem owner

Design 
Engineer

Systems 
Engineer (or 
ICD owner)

Review change 
for impacts

Define 
change

Identify potentially 
impacted 
subsystem(s)

EBOM Tool (PLM)

MBSE Tool



MBSE Model and EBOM



MBSE Model and EBOM



MBSE Model and EBOM



• 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

Connecting the EBOM to the ICD Model



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)

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

Connecting the EBOM 



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

2. A change to the Main Logic Board can now checked for impact against all interfaces to 
the cmd & tlm i/f port

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

Example: EBOM in Teamcenter links to ICD 
model for change impact studies

Connecting Models (MBSE to EBOM) 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)



Next Steps



Next Steps

ICD Service Workflow

Assess materials

Create sample model and document

Create full model and documentation

Maintain model and documentation

Send available materials

Review and approve sample model

Leverage model and documentation

Request changes

Customer Saratech



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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