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Motivation

Data processing
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Motivation and Requirements

Interface

Interface

» Improve development process
(Productivity & Prototyping)
« Component interfaces
» Data flow

 Event- & data flow driven Tasking Scaier
« Execution parameters Framework
* Event control

Tasking Framework: Github https://github.com/DLR-SC/tasking-framework

. . . r: Z. A. H. Hammadeh, T. Franz, O. Maibaum, A. Gerndt, and D. Ludtke, “Event-driven multi-threading execution
° CUStom Ization to prOJeCt SpeCIfIC platform for real-time on-board software systems,” in 15th annual workshop on Operating Systems Platforms for
req u | rements Embedded Real-Time Applications, pp. 29—-34, Juli 2019

:> Default framework; but not limited to it



https://github.com/DLR-SC/tasking-framework
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Model-driven Development Model 2,

/ N
« System specification in a central model [ 1 \

« Generation of project artifacts (Source code, Source-Code  Documentation  Unit-Tests

documentation, configuration...)

» Improved productivity

Short-term C. Atkinson and T. Kuhne, “Model-driven development: a metamodeling

foundation,” IEEE software, vol. 20, no. 5, pp. 3641, 2003.
* Long-term

‘ NASAs Curiosity verwendete ca. 75% generierten Code

G. J. Holzmann, “Landing a Spacecraft on Mars,” Quelle:htt_s:/u Ioad.wikimed.ia.c_)r /wikipedia/commons/3/30/Pia
IEEE Software., vol. 30, no. 2, pp. 83-86, 2013 19808-main_{ight_crop-monday.
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https://upload.wikimedia.org/wikipedia/commons/3/30/Pia19808-main_tight_crop-monday.jpg
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Related Work

TASTE : A real-time software
engineering tool-chain Overview,
status, and future

* Modeling with

 AADL: architecture
« ASN.1: data types

 Generation of

 Source-Code
« Documentation
 Binaries

M. Perrotin, E. Conquet, J. Delange, and A. Schiele,
“TASTE : A real-time software engineering tool-chain
Overview , status , and future,” in SDL 2011:

Integrating System and Software Modeling, Springer-

Verlag Berlin Heidelberg, 2011, pp. 26-37

# taste

Domain-Specific Languages and UML customization versus domain-
Diagram Customization for a specific languages
Concurrent Engineering Environment

Systems Modeling Language - Difficulties with SysML and UML

(SysML) for interface modeling for domain experts

High learning effort » High learning effort and ambiguity

i : - P tion: “whether it s b
Creation of a DSL on the basis of 0sed question: “whetheritis better to

develop a new DSL [...] iteratively, or start with a

SysML :
general-purpose modeling language and
Customizations with UML Profiles restricting it until it fits the specific use”
B. Cole, G. Dubos, P. Banazadeh, J. Reh, K. Case, Y. F. Wang, S. Jones, J. Gray and B. Rumpe, “Uml customization versus

and F. Picha, “Domain-Specific Languages and Diagram Customization for domain-specific languages,” 2018.

a Concurrent Engineering Environment,” IEEE Aerospace Conference
Procedings, 2013
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Concept

» Developing a DSL from scratch: only elements that
* we need
* generators support

« Different ways of modeling

» Tables / List

« Simple

« Works only for simple content
» Diagrams

* Intuitive

* Provide overview

* Improves visual understanding
* More modeling work: additional layout

» Textual language

« Supports most complex model aspects
» Highest learning effort: complex grammar support

Datatype AbstractType {
Name Tvi timeStamp : uint8_t;
}
double FLOAT
Datatype Cameralmage
uint32_t INTEGER extends AbstractType {
) dataArray : uint8_t [1024];
uint8_t INTEGER }
Component Camera { Component ImgAnlysis {
outputs{ inputs{
image : Cameralmage image : Cameralmage
} }
} }
Camera 1
ImgAnalysis
Camera 2 Channel <Cameralmage=
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Workflow
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= Section for: referenceFrames - ReferenceFrameDefinition

Name
< NED

Basic Definitions

Add ReferenceFrameDefinition || Remove ReferenceFrameDefinition |

Drill-Down I Export to Excel
[ Section for: basicTypeDefinitions - BasicTyp
Name valueType size source customSource
< double 2 FLoaT=2(] L W No Value ' false
< uint32_t " INTEGER=1] LEY)| W tdint.h W false
< uint8_t MM INTEGER=1] LSRN W stdinth " false
[ Add BasicTypeDefinition || Remove BasicTypeDefinition | Drill-Down I Export to Excel ]

A. Kovalov, T. Franz, H. Watolla, V. Vishav, A. Gerndt, and D.
Ludtke, “Model-based reconfiguration planning for a
distributed on-board computer,” in Proceedings of the 12t

System Analysis and Modelling Conference, pp. 55-62, 2020

Generation / Deployment

olass AbscractavigaticaFilter

L7 LandingSites

r =T
Sae

= R T

== [T remtars.

|-

exrorCode.
DataTypes: iNavigationState snavigarisnState
2 ) serzorcode (1) ()

L8 Cameralmage

e

W [N Gertian
Fazansters S
[ R S Ty Ty

[ s g ey i ‘

SCOSA
Node-Mapping

Type Definitions

Task NavigationFilter{

inputs{
estimatedCrater1@Pos : Position;
DataType MavigationState extends AbstractType{
estimatedCraterdSPos : Position;
intProp : uint8_t; 3
position : double[2, name = x]{ outputs{
currentPos : NavigationState;
referencefFrame : NED;
H
b
parameters{
velocity : double[2, name =x]{ componentState : ComponentState;
startVelocity : double[3,name=x]{
referenceframe : NED;
referenceFrame : NED; .
unit : mPs;
unit : mPs; b
i
H
3 }
camerzl0 craterNavigati
; osition .
triager image imagel0strosge i latestCraterl0Pos
B i navigationFilter
.
Instance Creation vl -
estimatedCraterl0Pos |
— ) | curfentPos  outputPos
craterhlavigationd5 estimatedCraterd5Pos
trigger
image imagedSStorage Image
ocition  latestCraterdSPos
Properties 32 |2 Problems
Tasklnstance
Property Value
Name = camerad5
Priority Lig
Type Of 4 Task Definition Camera
Uuid I 4f749f64-3200-486e-94fc-148e16ac024 e
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Artifact Generation
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Component
Layer

Interaction
Layer

<

Camera Task CN Task

camerall
{w image imagel05troage image

craterilavigationll

o

Execution
Platform

Tasking Framework

« Templates for source code and

documentation

» Levels of Extensibility

* Model Extensions
« Template Customization
» Generation Gap Pattern

Stubs

generated

generated

,\: , Task
S ) loadParams()
execute()
loadinputs()
|
B SynchTaskMessageChannel 72 & Channel |
Channel SynchTaskMeszageChannel : CUSTOM f sendOutputs()
Care Property Value
[static size : INTEGER;] a dunamicParam =10l
ldynamicParam : INTEGER;]| Behavior Parameters

Component-API

il’lit( arameier:

Appearance
Code Generation

- =

tenplate ctypename T, [int ST7ES]
class ASynchTaskMessageChamnel: public AChanneloTs {
public:

asynehTaskMessagechennel (Ent_arg dynamicPar I] S}lnch'l'.::l-:H-::5ugc|:hanrb=1{€u-=ralnag:,@-‘- imagelBStorage;
i AChannel<T:[)
& E_dynamicParsm{arg_dynamicParan){}

Instantiation with static Parameter: [Template)

Instantiation with dynamic Parameter: [Constructor)
- imagelgsterage (1),

protected:

int m micParan;
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Task Camera{

Name valueType size source inputs{
- 4 double = FLOAT g " o Value trigger; DRSS
Evaluation o By B Bl 0
image : G
Datalype Cameralmage { o k Cameralmage
datafrray : ulnts_t[1224][s8e]; para:;:::i
] | I} !
( R [d] *TaskingEnvirenment.tml_system 53 = 8
- — e
equ : faas—
q lr em ents S, 'de 3 Bl fameat | analyserl 'L_E,T.,k Definitions <
-. t'llglgu—l image tFIFO input ;::::r
B . BCh:::)IDdi... i)
* Improve development process S o st o
[ ] COmPOnent lnterfaces > Channel Compnenti . 3 ﬁ Component1
¢ D ata f, OW Datallnfp;ilgnal .
3 Signals
.- 4
[ ] Event_ & data f,OW driven Component? . 3 Component2
* Execution parameters e
Event control —E-E-E-E
C |5 SynchTaskMessageChannel 33 @ Channel
. u H . . Channel SynchTaskMessageChannel @ CUSTOM |
st.omlzatlon to project specific [FEatic size ; INTEGER] Core Property e
reqU”'ements |dynamicParam : .T.HTEGEI;'. Behavior Parameters iz ;;lﬂﬂ
Appearance
-1 _ Code Generation
o o =
Instantiation with static Parameter: [Templata)

class ASymchTaskMessageChannel: public AChanmel<T: {

public:
NSynchTaskMessageChannel(lint srg dynemicParsm

¢ AlhannalT:()
+ m_dynamicParam(arg_chnamicParan){}

protected:
int m dynanicParam:

SynchTa:kHe:sug;eEIulnrbel{CunernIm@:, @ imagel@Storage;
Instantiation with dynamic Parameter: (Constructor)
imagelastorage (18],
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Case Study
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Activation Threshold latestCraterl0P 100Kz
cameral0 \ craterNavigationl0 Frest e I 100Hz logger
2 navigationFilter currentPosition
Periodic 0
Event 10Hz . ; : \—‘ estimatedCraterl0Pos
trigger image imagel05torage image 5Hz position L |
Component Objects  pgoybleBuffer
10Hz for CameraDrivers Channels 10Hz .
cameraTrigger camerad’ featureTracking
L ’
. . . . \—I estimatedFeaturePos o
trigger 10Hz image imaged5Storage image position latestFeaturePos curentPosition 100Hz
100Hz -
flightController
MU LIFO Channel
. “ J IMU Driver accData estimatedPos
T. Franz, D. Ludtke, O. Maibaum, and A. Gerndt, “Model- +cc Thread o
. . . L ifoAcc
based software engineering for an optical navigation
system for spacecraft,” CEAS Space Journal, vol. 10, no. 2,

pp. 147-156, 2018

Comparison with previous SysML solution:

UML-Model TML-Model
Port Connector Port TaskChannel TaskInput
* Viewer model element types in e.g. component / block diagram ! | :
 4typesin TML vs. > 40 UML/SysML oo W o
TaskChannel TaskInput

Generator does not need to ,transform® the model to domain

Generated Source code

TaskChannel TaskInput
Template Template
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Outlook and future work

Planned Release
Extension of code generator on Github

Multilanguage support

Release on Github

Integration with TASTE and/or OSRA

Froperty Walue

| Language
Marmne '= Craternavigation
Output “1. FIFO Channel positions
Friarity =100
stereotype
Taskset (€] Task Set MainTaskSet
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Conclusion sk Camerat

Mame valueType size LOUFOE inputs{

4 double = FLOAT mH g g Value trigger; RS

4uintdZt = INTEGER B g W stdint.h ¥

< wirntd_t = INTEGER UH 4 W0 chelint. outputs{

o ) image : Casl
- . Datal Camerall Cameralmage
* Model-based systems engineering toolset e Coneraimee { —
datafrray ¢ ulmtd t[1le24)[ze2]; apertru
} 13 !
[ J -
Domain-specific languages for data + event R ——p— .
= . o= Palette =
driven systems e (kRao-
|carr|eul | anabyserl = Task Definitions <
Model 3 o | | e
* @ timer  Ngger image tFIFO input e
= Channel Defi... <
cmez | e T R
| .E:.- Timing 4
tn image tFIFO inlpl.lt— TimeEvent
Source-Code  Documentation Unit-Tests

Planned Release
on Github




