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Avionics System Design using MBSE Methodology
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Abstract: The West Air Sweden Flight 294 serves as a reminder of tragic crashes of aircraftdue to Avionics System failure. Due to
malfunction of the Inertial Reference Unit (IRU), the aircraft lost its control resulting in tragic loss of life of the peopleon board.
The Avionics System is a complex set of instruments, logical and physical links which must comply with the guidelines of
Dob178c. The design of the system is complicated. This paper aims to understand the behavior of the Avionics System using the
state-of-the-art Model Based System Engineering (MBSE) technology. This includes the two widely used tools — Capella and
Simulink. We aim to understand the dynamic nature of avionics through these tools. Model Based System Engineering can be
specifically beneficial because it will help the engineers to detect the flaws in the avionics system much earlier. This will
potentially contribute to helping to prevent aircraft crashes due to avionics system failure. The idea of model-based system
engineering includes the concept of taking a model as a reference to systematically solve the complex designs of any engineering
stage. Before the concept of Model Based Systems Engineering came to be, Documents Based Systems Engineering was the
trend in the system engineering department. However, it would take a lot of time, effortand accuracy to correctly pinpoint the
information and accordingly design the system from a bunch of documents. MBSE, however, eases such kind of trouble by
providing a model as a reference for the systems design.

L. INTRODUCTION
Avionics system is a complex set of logical and physical links connected to different instruments displaying information on the
screen for the pilot. This information is transmitted and processed through the navigation computer. Document Based System
Engineering (DBSE) was introduced as method to aid in design of a product by utilizing documents and their written data. It
majorly relies on the paperwork and management of the written data. However System Engineering is more complex than meets the
eye. It is an interconnected and an iterative process of design between 3 different parties:

Stakeholders (A)

Project Mmagement (B) Engincering Speaalists (C)

o  Stake Holders: start the project, customers, assign the value to the product.
e  Project Management: scheduling, budget
e Engineering Specialists: core, domain, knowledge
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A, B,C — The whole process is guided by Systems Engineering.

What is System Engineering?

It is a concept and a method of designing complex entities which cannot bedesigned as a single entity.

Example?

Supposedly there is an idea to make a drone. System Engineering helps toguide the engineering process and ensure that the
project needs are being met.

Breaking down system engineering’s function systematically:Project Objectives -> Different ideas to achieve this project Let these
ideas be:

° *

o !

[ ]

L4 L] L]

We select one of these after narrowing down the options through analysis.In our case * is selected.

However, * is complex and big.

The obvious approach is to break down “*” into smaller and simpler componentswhich can be easily designed and engineered. Lets
say these smaller sub components are:

o |
o |\
o |/
o -

System Engineering will ensure each component above will do what its supposedto do. Then the proceeding integration of the
components must perform the function. This will theoretically lead to the formation of a proper product. However, in reality, the
process involves coordination between all three stakeholders, project management and the engineers in their own respective ways.
As we study this report, chapter 2 will talk about the Model Based System Engineering Technology and how the avionics system
works. Chapter 3 will talkabout the software Capella and its different analysis layers. We will study aboutthe proposed work in
capella and how this capella model can be further simulatedusing MATLAB. Chapter 5 will discuss the overall results and finally
chapter 6 will cite references which inspired this work and report.

1. MODEL BASED SYSTEM ENGINEERING AND AVIONICS
System Engineering is additional work. To optimize the engineering process of acomplex product. It is, however, not a direct part of
core engineering of the product. It acts more like a catalyst in an engineering process.
Stakeholder Needs
Discussing the requirements
Planning a design
Approving the design
Actually, building the product based on the design
Testing
» Market
(not linear, iterative in nature)

YVVVYVVYVYVYVYYVY

Misconception: System Engineering helps optimize stakeholders, management and engineering for best outcome.

Reality: System Engineering helps optimize to get a suitable working solution.

To obtain the best outcome, you would have to gather knowledge over every single outcome which is not feasible. Most of these
possibilities will have a deadend anyway.

Model -> Approximation of reality (physical, mathematical, behavior, architecture)

MBSE -> Using models for system engineering (making system level decisions)

For example: Model of an airplane is used for aerodynamics analysis. After that,other aspects are considered as well such as wing tip
and airfoil design. These models can be put into simulation and testing.

Lets try to understand the layout of architecture of a complex system such as avionics:
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1. SYSTEM
Collection  of Collection of Collection of Parts
Functions Logcal
Components

This simple layout of architecture captures the relationship between elements. It’s a mapping of the elements and how they interact
with each other.
Stakeholder Needs

Revise Revise

\J <

Implem entation

Requirement consists of:

» A description of a particular need
» Avrationale for why its valid

» A wayto verify

Type of requirement are as follows:

»  Functional (what functions need to be performed)
Performance (how well the performance is)
Constraint

Environmental

Y V VYV
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)

Definition | Execution

Project Timeline

» QOccurs over time

» Timelines not synced Messy,_

> Different people of different domain are involved Complicated
>

Varying levels of maturity

Solution -> Model Based System Engineering
A model helps to provide a sort of reference to the domain experts for working on a problem. They can model the physics of a

problem. Model provides the definition of the interface. The requirements go conveniently into the model. Model is the starting
point of the implementation.

(AVA COMPLEX ENGINEERING PROJECTS

Messy Timelines of —
Definition and Optimized by System

Execution Engneenng

MBSE -> Build

m odels to help with
communication,
venfication,
validation, providing
fram ework.

» Decompose the system into simplercom ponents

< » Managng interface and engneenngbudgets
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V. MODEL

VERIFICATION (IF | AMDOING IT VALIDATION (IF | DID ITRIGHT)
RIGHT)

Testing is associated with every single phase of the life cycle of a product. Each component or stage is associated with testing.
Testing always runs parallel to theprocess.

Verification Phase
» Requirements Analysis, System Design, Architecture Design, ModuleDesign.

Validation Phase
» Unit Testing, Integration Operations.

Requirements - Acceptance
Definition Testing
\ Outline - System /
Design Testing
\ Detailed » | Integration /

Design Testing
\ Realisation /

Specification & Decomposition Integration & Test

] | ]
1 I 1

I

To further understand how well designed an avionics system should be, we must also understand the standards it must uphold
according to the guidelines of Do178 and Do254.

Design of avionics and their approval is complicated because of complex software system and the guidelines set by Dol178 and
Do254. It is an iterative process and hence different domain people are needed.
MBSE will provide models as framework to improve the communication between the different elements and domains, help to figure

out the defects earlier, any faultin the coding of the software. This helps us to understand the complexity of avionics.
Dol178B
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» Software will perform reliably in airborne environments.

» Worldwide avionics software guidelines to which all airborne software isrequired to comply with.

Software Levels (DAL): Levels E-A

For the note, if the software is for Design Assurance Level A, no need tocomply with guidelines because there wont be any
safety risk.

A -> lowest level

AVIONICS SYSTEM:
Avionics components are as follows:

» Communication System
» Display System
» Flight Control System (FLY BY WIRE)
» Navigation System
» Radar System
Cockpit
o0o0O00
Ct [ FO i Battery |

Generators

GNSS
> NAV
Radio-NAV
Alrcraft
SATCOM monitoring
HF-, VHF

COM Propulsion
pontrol system
SSR, Modo «—=w! Radar
AIC/S, ADS-B o ]
Inertial sensors TAWS
Radar antenna
Data BUS 14/28V 115V 400Hz

Electncal system

The figure above demonstrates the basic architecture of an avionics system.Understanding how avionics works:
Avionics -> Aviation Electronics

® Navigation
® Communication

® Surveillance

NAVIGATION -> Monitoring and controlling the movement of a craft orvehicle from A to B.

COMMUNICATION -> Forms of exchanging information from aircraft to Air Traffic Control and vice versa.

SURVEILLANCE -> Monitoring or close observation of behavior, activities or information for the purpose of influencing,
managing or directing.

Avionics Devices:

1) NDB -> Non Directional Beacon

2) VOR -> VHF Omni Directional Range
3) DME -> Distance Measuring Equipment
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TACAN -> Tactical Air Navigation System

5) LORAN-C -> Hyperbolic Radio Navigation System

6) ILS -> Instrument Landing System

7) GPS -> Global Positioning System

8) Auto Pilot Gyroscope -> For stability and correcting the orientation

VI. CAPELLA AND ITS MODEL
Capella is one of the most known choices for the purpose of system engineeringprocess in the avionics department. Capella works
as the gateway between the requirements and the model of the design since you can map the requirements ofthe design into the
capella model and treat it as the reference.
Models are a single source of truth. Queries are made on them and design iterations can be further made on them to properly define
the problem and the requirements.
Capella model acts as a reference in the engineering process. Its use brings consistency. It enables to have modifications with more
flexibility.
There are two main layers in a capella model.
e Logical Architecture
e Physical Architecture
Several properties can be modeled in capella which can be further linked with other tools. In our case, this other tool will be
MATLAB Simulink. We will use it for the simulation purpose of the capella model. However our work doesn’t only stop with
linking the capella model with other tools. We also need to build a solid link with the corresponding functions for the model which

will help to achieve the requirements which were previously mapped into the capella model.

Arcadia layer Requirements Capability Capehily Functional Structure Modes and States Data Interfaces
description
R-0A 0A1 0A2 0A3 0A4 M&S-0A5 D-0A6 1-0A7

Capture stakeholder

Define Operational

Define processes and

Define Operational

Capture Operational Entities and

Define operational

Define operational data

Define interfaces and

requirements Capabilities scenarios Activities and interactions Actors. modes and states model describe interfaces
Operational Allocate Operational Activities scenarios
Ana|vsis to Operational Actors, Entities
[ @9 Clor 31 //O“ m b
Bt gl @Ml e WD BWE 9T
)
R-SA SA1 SA2 SA3 SA4 MB&S-SAS D-SA6 I-SA7
Derive Stakeholder Define System Missions  Define Functional Define System Functions. Allocate System Functions to Define system modes Define system data Define interfaces and
requirements and and System Capabilities  Chains and Scenarios.  Define Functional System and Actors and states model describe interfaces
System Analysis  capture System Exchanges and components SCenarios
requirements — o Enrich Logical Scenarios.
e 111 ok
e <clf Wy
BR ©0 </ @®wmw "9 BE oy
R1A AL 2 A3 A4 M&S-LAS D-LA6 A7
Derive system Transition Capabilities Define Functional Derive System Functions Allocate Logical Functions to Define logical Define logical data Delegate System
Logical requirements and Realization fromsystem  Chains and scenarios  and define Logical Logical Components componentsmodes and  model Interfaces and create

Architecture

Capture components

layer

Functions, Define Functional

slates

Logical Interfaces

requirements Exchanges and components. — Enrich Logical Scenarios.
- 7L LA
R R e s @oa wE B @ 17}
R-PA PAL PA2 PA3 PA4 MES-PAS D-PAG I-PA7
Derive logical Transition Capabilities Define Functional Derive Logical Functionsand  Define Physical Nodes and refine  Define physical nodes Define physical data Delegate Logical
requirements and Realization fromlogical  Chains, Scenarios,and  define Physical Functions. Behavioural Physical modes and states model Interfaces and create
Physical capture physical layer Physical Path Define Functional Components, Physical Interface.
Architecture requirements Exchanges and components.  Allocate Behavioural Enrich Physical
Components. Scenarios.
= o nor A m B
mj@ () s [ PF) D=l ir \ ! @
S | = 2

The figure above elaborates on the primary layers of capella. However for avionics department, our focus will lie on the logical
architecture which would gather all the logical components and functions and the physical architecture which will implement these
functions into reality.
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The following image gives a clear pathway to how the layers of capella correspond to the requirements of the project’s design.

- —_ -
Model-based requirements AT ITCA
—‘-
@ ___________ \ R e R - Interoperability between requirement
e ' Requirement ' Tm— Model-based 1 P ty q
e 2, management ' , Systemsengineering | data base and model-based systems
2 g I 1 ' (Arcadia) : engineering
>
@ 8—' Stakeholder ! ! 1
! needs \:\‘J‘ Operational ' v Import (high level) requirements to
e - : analysis i MBSE tool
1 Functional 1 ' 1 v Work with Model-based Requirements
gs! requirements \F*»\,,L;i_ Systems : v’ Assign user requirements to
s8I ' 1 analysis . model elements
o ] -
‘%‘ ;g : System 1 : 1 v' Check consistency, coherency,
= == requirements e Logical 1 completeness
-] 1\ 1 " architectures ! v Refine requirements
! v
- I Implementation L} 1 s Iden?ify and derive new
s5! requirements —1 ! Physical ' requirements at lower levels
E_ ] ! ,' v architecture 1] v" Manage requirement versioning,
32 R 1| > R s updates, traceability
:@: w2 - v Export to requirement database
T 7
Sp: A Y EE —
AN ZIZ N | m—

A. Model Based FDIR Design:

FDIR stands for Fault, Detection, Isolation and Recovery. This design aims to detect any fault in the model and provide a feedback
while trying to minimize the errors and reduce the window of any fault in a component. As good as this sounds, every stage in
engineering comes with its own risks and functions. FDIR carries a huge risk which sometimes is not even worth the function it
provides and its drawback cannot be compensated enough.

In order for FDIR to be operational, the existence of aircraft/spacecraft database is necessary. However this is only possible during
the testing and validation phase. This poses a huge problem since this directly leads to the lack of any early verification analysis and
produces a lot of risk. Without the key stage of early verification phase, we cannot de-risk the testing phase to optimum level. This
is a widely known problem amongst the FDIR engineers and needs to be constantly worked on. For now, a good solution would be
GSTP design of FDIR. This design is obviously model based as well but follows more of an end to end MBSE solution.

After the discussion on FDIR it is agreeable to now proceed to RAMS model and its analysis.

RAMS stands for Reliability, Availability, Maintainability, Safety. While it does not directly contribute to the very design of the
system, it holds the testament to the proper working properties of the design. It is kind of a safe proof of the model.

Now how do you transition from the capella model to its simulation? After all, its important to simulate the air/space traffic and
dynamically study the model behavior as well.

Capella
=] =
XML Bridge
Uns Unks
MOST-NS 3 Simulator MOST IHM
=N
off>\\
=5 -
> Z1I\
,/ / \\
¥ 4 S
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B. From Modeling To Simulation

Thankfully there are quite a number of tools for this purpose. However MATLAB Simulink makes things much easier and simpler
for us in a bigger picture.

The model designed can be directly plugged into the Simulink and its traffic specifications can be mapped into the software which
can be then dynamically processed giving us a good insight into the simulated product.

> ? :'T ’l“)f"‘ O AND U O 2 . o“ M T‘M wa
B ok tetac commmand Handing v @ OBT Configuration
: (‘.:" L Q [SAVOIR.0BC.0BT.10] The OBC shall prc
: :r.'\:“:~ Q [SAVOIR.OBC.OBT.20] The OBTs shall op

B On St Tome Managemant © [SAVOIR.0BC.OBT.30) It shall be possible
< Q [SAVOIR.0BC.OBT.40] The time shall be
v @ OBT Functional Requirements
v @ Autonomous Mode
Q [SAVOIR.0BC.OBT.100] In the Auton
iy Saswer oad P Q [SAVOIR.0BC.OBT.110] It shall be po
ghanozo, @ Synchonized Mode
Q [SAVOIR.0BC.OBT.50] The OBT function
© [SAVOIR.OBC.OBT.£0] The time counter
© [SAVOIR.OBC.OBT.70] The OBC OBT wra
Q [SAVOIR.0BC.OBT.80] The OBC OBT fun
Q [SAVOIR.0BC.0BT.90] At OBC power-on

REQUIREMENTS MAPPED INTO THE MODEL

S50 weertace

VII. PROPOSED WORK AND RESULT
To begin with the design of an avionics system we need to understand the fundamentals of avionics system layout and the tools
aimed for MBSE breakdown.

SYS :g&g;ﬁr;g SYSTEMS CONFIGURATIONS NOTES
To acquire "Dota Bt
information — 1 NAVICATION RADAR | The avionics will be
(from airplane, COMPOTER ':»_.-:1 . }_ considered at the
from external Navig rRadarwmeTFO [ 50 B WR g ;;{"ﬁ“ﬂ{ ’_ today state-of-the-art,
E environment, sensers _H —— f /;’/\—' n‘m_: = taking i.nto account
= [|from other N ; A J DISPLAY(ADI) ’— usual kinds of
L |Entities, from o AN equipments. The new
@ |Telemetry). Conrel T Ny | NN trend to “Integrated
S |To elaborate ,L\‘—:%Tm} i K Modular Avionics” is
Z |them. ome o S ([o][er| ] il | |notconsidered ina
= |To give them to —4 - very preliminary
: the Crew, to the || =------ - Logicu! Livks T AuGE T Phoem c,‘f”[: approach. The data
airplane, to other|| ———"mwins | _svstew | !Comumnicaiion Syster exchange between
Entities by T T T T I T Equipments is based
means of I l I I l I on DATA BUS.

ENGINES
CCMPUTER

FUEL SYSTEW
COMPUTER

LANDING GZAR
COMP_TER

ON BOARD FOWER
COMPJTER

CABIN
CCMPUTER

OTHER §YS
CCMPUTER

Telemetry.

A. Tool for MBSE

1) The main tool used for system engineering activities is Capella. Even though models serve for different goals, developing a
reference such as a capella models helps to understand the mapping ofd the problem and the requirements and also modify the
properties in the same model.

2) The primary highlight of such a model is that manual requirements can beeasily loaded into the capella model. Two Capella
layers are mainly used for the avionics field: the Logical Architecture which gathers logical functions answering to the need,
and the Physical Architecture representing the implementation including the physical nodes and physicalfunctions.

3) This same model can be later used for simulation purposes in a tool like Simulink.
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B. Operational Analysis
Operational Analysis helps to understand the problem we wish to solve bymodelllng the same exact problem.

%, TralPower | & "IOC8] Operationsi Capabiltes 17 |
B-R-lS|lB-e~m rsla-levlae.l [L. ¥

Provide 24 hour visibilty

Our first operational analysis model for the purpose of creatlng
B Taifowe & 10CH '
Bo-k-lelG- w!rw&-leme\[ W vl m

Operational capability blank diagram depicts the capability a user canexpect.
Operational Processes are then created by mapping a series of Activities toActors and Entities
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Operational Activity Blank Diagram will deliver the capabilities withOperational Process.

#Operational Analysis

» Helps you understand the problem you wish to solve by modelling theproblem.

» Operational capability blank diagram depicts the capabilities the usersexpect.

» Operational activity blank diagram delivers the capabilities withoperational process.

Capella helps define and understand the problems with two types of models.

After defining the requirements to the operational analysis panel, we need a gateway to make sense of these requirements. We need
to “load” these requirements into a sub space.

Lets call this space as a model. In one sense, we are basically mapping the requirements and their physics into the model.

e ot rers nonmonws ¥ S.00Bsend Tid Msnsgement
B Pocher et ormemand Mandieng v @& 0BT Ccnhguubcn

Q© [SAVOIR.0BC.0BT.10] The OBC shall prc
Q [SAVOIR.OBC.OBT.20] The OBTs shall op
Q© [SAVOIR.OBC.OBT.30] It shall be possible
Q© [SAVOIR.OBC.OBT.40] The time shall be
v @ OBT Functional Requirements

v @ Autonomous Mode
Q [SAVOIR.OBC.OBT.100] In the Auton
Q [SAVOIR.OBC.OBT.110] it shall be po

@ Synchonzed Mode
© [SAVOIR.OBC.OBT.50] The OBT function
© [SAVOIR.OBC.OBT.£0] The time counter
© [SAVOIR.OBC.OBT.70] The OBC OBT wra
Q [SAVOIR.0BC.OBT.80] The OBC OBT fun
Q [SAVOIR.0BC.0BT.90] At OBC power-on

Here, in the given figure we have mapped the requirements into our capella model.
For the note, we have only assigned the function of receive and transmission intoour avionics block, since we are only focusing on
the communication devices. However more classes of different functions can be linked to the same block.

Having linked all the other blocks as well, the figure below shows our final functional block designed in capella.

Flight Support Components
s ] 3"
2 - -
=] S 2
] < 2
2 Q
S <
4
] 3 Payload
- 3 o
=] 3 a
4 S &
o < < > operatorCmds Data Link b &
® > GS Commands
Payload Cmds > Alrframe
aT q <dr
EngineStatus > > EngneStstus Control Surface Crnds > > ctriSefcDeflection
FuelLevel > b FuellLevel
SghtCmds > > SghtCmds
PwrStatus D> b PwrStatus
§
§®
I
2 >
i: =
§ §
& &

b FuelData

b EngneStatus
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C. Aircraft System Architecture
Now our next question is: how do we determine which information we need toimport from capella layers to the Simulink?
The following table gives a brief elaboration:

Capella MathWorks

LogicalArchitecture System Composer architecture

LogicalComponent System Composer architecture, Simulink model
LogicalFunction Simulink model, subsystem reference, subsystem
ComponentExchange Root-level port with bus object

FunctionalExchange Simulink signal or line

Exchangeltem Simulink data type (Simulink bus, numeric data type)
Datatype Numeric Simulink data type

Class Simulink bus

This table solely focuses on the logical layer. And logical layer is indeed our primary choice.
All the information is registered in a XML file which is then parsed into an internal model. This model is then converted into
ARTIFACT, which is an entityused to post process the data into Simulink.

parse API
XML H‘ INTERNAL MODEL ARTIFACTS 'A I

‘ CUSTOMIZATION ’ POSTPROCESSING

Of course, customization can also be made to this model if need be. (not strictly necessary)
We converted the logical functions into the subsystem which will act as a data storage point (a reference) for the Simulink.

fClsucs 1t
O8LF1 o LF2 ee—
@ rogcatfunction 1 “J[:@;.r;.—,-um.-:v-AGV.-__ e
B g
2= P o

J

) ~~";."’———4
\%(y Logicalf uncion d}w o8

D. First Logical Function Block

flsucs_C
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E.
Problem — operational analysis and system analysis (what the system needs to accomplish for the user)

Logical Architecture depicts how the system will work to fulfil the expectationsof the user. Logical Architecture Blank Diagram
will depict the abstract components and function of the solution.

On the other hand, Physical Architecture depicts how the system will be developed and built.

End Product Breakdown Structure — Formalizes Component Requirements
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Simulink Subsystem

i+ Exchange Items
v ¥ Exchangeltem 1
— ExchangeltemElement 1: Class 1
v ¥ Exchangeltem 2
— ExchangeltemElement 1: Class 1

ExchangeltemElement 2: Class 2

v & If3_to IfS B

&= exchangeitemelement_1 Bus: class_1_B
v = exchangeitem_2 Bus: exchangeitem_2_B
= exchangeitemelement_1 Bus: class_1_8B
Vv i= exchangeitemelement_ 2 Bus: class 2 B
- property_1 uint8
== property 2 Enum: enumeration_1

CONVERSION OF CAPELLA CLASSES INTO SIMULINK DATA

(1]
(2]
(3]

(4]
(5]
6]
(7]
(8]
(9]
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