‘< [om Sawyer

Z SOFTWARE

7 = .
P2S CATIA | No Magic
20794 L CYBER EXPERIENCE

MBSE\ JSSYMPOSIUM

2% pure-systems

system specification INCQUERYLABS

development during
modeling $sgS0DIUS

WILLERT

Raphael Faudou, Samares Engineering

—
Maplesoft

Hamburg, 2019




SAMARES

ENGINEERING

Accelerate Systems Design

A few words on Samares Engineering

e Research and Consultancy on Systems Engineering
* Requirement engineering
* Model-Based Systems Engineering | COSE

N, &/ Association
Francaise
d'Ingénierie

Systéme

* Co-simulation B

e |nvolved in different domains

%) AIRBUS @ &S SAFRAN @ AIRBUS NAVAL

- 4
DEFENCE & SPACE
RENAULT GRoOUP

e Strong links with high schools and research institutes

e A

GROUPE »_, : e

T — Narse PR T s

1Sap =T e i PR

ASANT EXURPERY | EWET el

Gepoo B0l

World leader in aerospace enﬁineering e R n o ah
higher education and researc B o ,

Cyber experience European symposium 2019 - Samares Engineering — all rights reserved ’ \



SAMARES

ENGINEERING

Accelerate Systems Design

Context and purpose of the presentation
* One SysML model can support a lot of Systems Engineering sactivities...
* Many views to reconcile...

 When done, many requirements can be deduced from modeling activities...

* Demos
A. Identification of top-level system requirements during needs analysis
B. Identification of lower-level requirements during internal architecture

Way forward

* Q&A
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Modeling can support a lot of SE activitie

2 Name .
[&] 6 Aircraft inspection featur¢ There is need for aircraft inspection by UAV
[rl 7 Automatic or manual Need for both automatic and manual inspection
[Rl 8 check of mission plan  Mission plan shall be checked before use

/@B Check mission plan
@ check UAV Health

W N =

«dnternal Function Action»
Retrieve next POl

«Internal Function Action»
Fly to next POl

— = |Pictures

- @BFly to next POI mission plan
nspe?’(ﬁo;met @8Inspect Aircraft Exterior® ~ - @B Load mission plan
Drone Pilot Inspect Aircraft ) i
pe W % . | ctures
ectaie ~@B Retrieve next POI et P01 == | )

@ Store picture !
‘@8 Take picture

th

«datastores

Inspection Results Storage

Pictures
“Drone ot S 3 inspecton araet
1+ Swien ApAON . Legend Ig T -
A Allocate s 5 4
v | 9 B £ Policies and ion Requi =285 ¢
| 10 [® 3 Wind speed limit UAV shall not fly when wind speed is greather than 30 Km/h % g\ 5
: 4 Launch mission plan 4 o
5 . tsstrmsinsn 11 © §7 Physical Characteristics Requirements b IS 3
- " T = il
e 2 [@ 5 Temperature range LJ';V:(:\;II be able to perform inspection for temperatures betwe| F,_‘., i i
B ﬂ‘wﬁlim"x\rfﬁ) % LT - nsion o muschad snd i ; 13 (& 4 max Weight UAV weight shall not exceed 2 Kgs REQ_IF_FUNC_16 Send "Pictures” E 7
3 s ok | i ! @8 REQ_IF_FLINC_25 Receive pictures
|1 Store mission resuts _ |
2 Store picture ! [T 2.Internal Functions
] | A Inttal ;
| e - I REQ FUNC_1 Check mission plan
3 Update data w ith mssion resuts _ | [ aiaral L D otrioso ooad- D0

Different kinds of diagrams are useful to capture the different (external and internal) views of
the system... but how to ensure we build and keep a consistent system definition over time?

«Mode» a0 O o —i| ™
) RECQ_FUNC_10 Return to Ground Station
Id = REQ_OP_MODE 2.1 not configured = 3 o 'l Q. = -

wg oW @8 REQ_FUNC_11 Stabilize UAV N

«Mode Transtion» l/aunch mission plan S = 58
@ 33 @B REQ_FUNC_12 Supervise Mission
¥O from ADA_UAV »voAm_vAvlaArmnD Modes ﬂ.l g_l D.‘
oo . - o 0l &) 5 5 @B REQ_FUNC_22 Retrieve mission plan Va
il |d = REQ_OP_MODE 2.2 Configured for mission ] G = P
o g g
o o e
EETT S N— ZUN = E B P
L -2
E £ | B1.Functions o ADA Ready
- i 10 o ADALUAV 10 ADA_UAY s Avi Dasase B ﬁ 1.Interface Functions . : UAV Control Station : Mission Mgt Subsystem : Flight Mgt Subsystem
e g i pgon vt E1£ ] 2.Internal Functions . 4
: Airline Database e » Actual UAV Position,
o T A8 REQ_FUNC 1. dhiedk mission plan : Switch ADA ON, Stabiized UAV
AOAUAY B 8 REQ_FUNC_2 fly and take picture follo P Launch mission plan >
o Hurman 10 Human o ADA_UAY. B REQ_FUNC_3 retrieve next POI 2 = ™ 4h AT Next POI
ission plan launched and cheoke:
e @8 REQ_FUNC_4 Fly to next POI 7
P——— B REQ_FUNC_5 Save mission results A : Perception Subsystem
d
s{n.%"?.;’:mm picl?res.
au;:”n:i:,.l',":‘:’;ﬁfn.m Update data with mission resulis

Store mssion resuls
Torgetlinks

Cyber experience European symposium 2019 - Samares Engineering — all rights reserved , \




SAMARES

ENGINEERING

Accelerate Systems Design

A. Analysis and structure of needs (1)

* Many views and concepts to reconcile...
1. Use Cases define system missions captured from stakeholder needs
2. Operational scenarios show system interactions and expected reactions
3. System context synthetizes all external functional interfaces
4. Top level functions come from operational scenarios or upper level
5. Operational modes provide boundaries for activation of functions

£ Name
[R & Aircraft inspection featur(There is need for aircraft inspection by UAV
[rl 7 Automatic or manual Need for both automatic and manual inspection

Drene Pilot of Int
1 i
|
: 1: Swi ADA ON
["l 8 check of mission plan  |Mission plan shall be checked before use
_ 3: AIDA Ready
T 4: Launch mission plan
% Inspection targe
one L=}

WN -

-1 modes [Modes]

o

s 2R 930 reQ 0P MODE 2.1 mot config T

(W] REQ)_OP_MCDE_2 ON [@

ooooo

REQ_OF_MODE_ 1 OFF s
(#) REQ_OP_MODE_2.2 Configure

ooooooooo

E2 E 1.Interface Functions

I;T E ﬂ 2.Internal Functions
8 REQ_FUNC_1 check mission plan
. ‘ @B REQ_FUNC_2 fly and take picture follo
nnnnnnnnnnnnnnnnn 1@ REQ_FUNC_3 retrieve next POT

&8 REQ_FUNC_4 Fly to next POI
4 Confirmstorage ey kslon rendl® @8 REQ_FUNC_5 Save mission resul Its
4 i

__________

NN NN
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@B Acquire "Go to next point of interest" O C {0 C C dlE DU C Jd =
@8 Acquire "Launch mission plan”
/@B Acquire "Request snapshots” 20 < S O c c d S d 20 > e
Drone Pilot @B Acquire "Start automatic inspection”
4.Acquire "Store mission results"
/@B Acquire "Switch AIDA ON" # ! 2 Name Text
— il 28 EI@B REQ I FUNC_14 Send "CoiThe 7AIDA_UAV shall @Send "Confirm storage” to the 2 Drone Pilo
L@Fly to next POI 29 @3 REQ IF FUNC_14.1 Confi The function @Send "Confirm storage” shall consume = Confirm storgge.
) @BInspect Aircraft Exteriora{ :!Loaz.i isston plan = !-g 2] Fundi(ms'
\ :Re'"eve next POl @B REQ_FUNC_1 Check missionThe SAIDA_UAV shall @Check mission plan.
| ‘@8send "AIDA Ready"
‘ ‘Gs:: ey g4 on, @B REO_FUNC_? Retrieve next IThe WAIDA_UAV shall @Retrieve next POL
@8 send "Confirm storage” | S8 REQ_FUNC_3 Fly to next PO The 5AIDA_UAV shall @Fly to next PO
‘@8 Send "Mission plan launched and checke ﬂ REQ_FUNC_4 Load mission [The AIDA_UAV shall @Load mission plan.
‘::en: “:im;re; ' 5 @B REQ_FUNC_5 check UAV He The SSAIDA_UAV shall @check UAV Health.
'@ Send "Ready for picture” - s e i
ey EEEey| BT "@BSend “Update data with mission resulls” B REQ_FUNC 6 Take picture | The FAIDA_UAV shall @Take picture.
; +AIDA_uAV '@ store picture 37 J @B REQ_FUNC_7 Store picture |The 57AIDA_UAV shall @Store picture.
|t Soremssion resuts | R @B Take picture 38
43 £ | Physical Characteristics Requ...
oo daia witrmsy resuls; ' nial 44 [Rl 5 Temperature range UAV shall be able to perform inspection for temperatures between -10°c and 40°c I
— 45 [3 £7 Policies and Regulation Requ... |
—‘/' 46 i imil UAV shall not fly wh ind d i ther than 30 Km/h
- eNlode Transtions [® 3 wind sp.eed limit E a. not fly when wind speed is greather than /1 I
I e = ii The S2AIDA_UAV shall be able to operate in the following exclusive =Modes:
()
Id = REQ_OP_MODE 1 OFF
E: 48 =57 REQ MS_1 Modes « (MOFE
«Mode Transttion» « MON
Switch AIDA ON
Q= |- modes
O e . When the #AIDA_UAV is in ON mode, then the S2AIDA_UAV shall be able to operate
105 REQIOF MOPER 0 in the following exclusive sub-modes:
«hode» ) B (W REQ_OP_MODE_2 ON
Id = REQ_OP_MODE_2.1 not configured « (| Not configured
O from ADA_UAV - -¥O AIDA_UAV 1o Arcratt, " » Q issil
Sion om0l ad «Mode Transition» launch mission plan 5 @Conﬁ ured for mission
,,,,, 51 i
Modcy lll When the ZAIDA_UAV is in JNot configured mode, and the signal [flLaunch mission
s s s ey = ’ L 5 % g i [FF
Q Q m ['d RELL OF MODE 22 Gonfiguredtat midaldn 2 /" REQ_TR_MODE_4 plan is recelved then the 5AIDA_UAV shall transition to (Configured for mission mode.

When all semantic mappings have been defined, all views contribute
to the validation of needs or elaboration of functional requirements.

Any change in Sequence Diagram is immediately reflected in other
views including requirements (agile approach)
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DEMO 1 — Identification of top-level system SAMARES
requirements during analysis of needs B et Do

Creation of operational scenarios

Synthesis of all external functional interfaces

|dentification of first modes and transitions

W PRE

Identification of top-level system requirements
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B. Functional and logical architecture (1)

* Still many views and concepts to reconcile...
1. Decompose internal functions
2. Arrange sub-functions (functional architecture)
3. Allocate sub-functions on sub-systems/components
4. Arrange sub-systems/components (logical architecture)

- E 1.1.Logical Components
[ Flight Mgt Subsystem
. Mission Mgt Subsystem
[ Perception Subsystem
... [H UAV Control Station

Legend

EBInspect Aircraft Exterior & <

. ~@BReturn to Ground Station
&2 Stabilize UAV ®
‘@B Store picture

| @B configure mission
| JEBFly to next POI
| ~@BLoad mission plan

/@B Check mission plan
/FBCheck UAV health

~ @8 Retrieve next POI

R

@2 Supervise Mission

«internal Function Actions

@B Take picture

«internal Function Actions
Retrieve next POl

Actual UAV Position|

7 Allocate

P IREQ_IF_FUNC_IB Send "Pictures”
! REQ IF FUNC 25 Receive pictures
E!E 2.Internal Functions
i REQ_FUNC_1 Check mission plan
I REQ_FUNC_2 Refrieve next POI
I REQ_FUNC_3 Fly to next POI
l REQ_FUNC_4 Load mission plan
@ REQ_FUNC_5 Take picture
@B REQ_FUNC_7 Store picture
! REQ_FUNC_8 Configure mission
&8 REQ_FUNC_¢ Check UAV health

@8 REQ_FUNC_L1 Stabilize UAV

I REQ_FUNC_12 Supervise Mission

8 REQ_FUNC_10 Refurn to Ground Station

ception Suo-
o [Euev convol s

|
[Next PO!
| Next PO, R —— <5 A @8 REQ_FUNC_22 Retrieve mission plan
I ext POI I
| ¥
| aintarnal Function Actions o =
i Fly to next POI 5
th
|
| ! UAV in Position Actual UAY Position I
) |
. - |
in Position]
| : Perception Subsystem
AV in Position ! =
| - <4}
sinterface Function Action» 1
I Receive pictures
|

Cyber experience European symposium 2019 - Samares Engineering — all rights reserved



SAMARES

ENGINEERING

Accelerate Systems Design

B. Functional and logical architecture (2

* From all those views, system requirements can be developed
down to subsystem needs (according to logical architecture)

e When all semantic mappings are defined, logical architecture can
e be maintained from functional flows and function allocations : it
becomes also possible to initialize subsystem needs document

| EEFly to next POI
' -@BLoad mission plan
@2 Inspect Aircraft Exterior® < - @BRetrieve next POI T

| (‘ainternal Function Actions |
Retrieve mission plan

. ~@BReturn to Ground Station ’<YP

@B stabilize UAV i ; b Expression of needs for Flight Mgt Subsystem V1.0
@B store picture ' AcHalUAY Position
\ PIEH™ e T = 1) Context of Flight Mgt Subsystem
lSupelee Mission i
‘@B Take picture fxzor LI =t
: Hext POl ———— T [ [T Wt Byt g et |
|
_ | v L ‘ W e
- ﬂ 1.1.Logical Components I [ el It e
f | Vasor an msiied and eched )
. FI!gl-!t Mgt SUbSYStem : ! UAV in Position | Actual UAV Position [ |
Mission Mgt Subsystem e | i
L % BN G & B mEAES Whabs
Perception Subsystem Tty ' unviapositen

E uav Control Station Foue 7:Logkel Archieciire

AV in Pastion
<hiernal Function Actions.
Stabilize UAV

| interface Function Actions
Receive pictures.

Legend [S— ) )

' Allocate ==l 2) Functions allocated to Flight Mgt Subsystem
U 3 m| =
S| | =S =]
2 ;"‘ g é E The following funcions have been allocated to Flight Mgt Subsystem
g‘ = § &3 « Flytonext POI
“bZ53 . + Check UAV health
O = +Flig ubsystem +  Retum to Ground Station
..!. T Mission Mgt Subsystem s Shbmie AV

|1 FEBREQ_IF_FUNC_16 Send "Picwres” 1 7

L@ REQ_IF_FUNC_25 Receive pictures Ve

E1E£7 2.Internal Functions

I REQ_FUNC_1 Check mission plan
I REQ _FUNC_2 Retrieve next POI
I REQ_FUNC_3 Fly to next POI

a REQ_FUNC_4 Load mission plan
BB REQ_FUNC_S Take picture

@B REQ_FUNC_7 Store picture

3) Requirements to be satisfied by Flight Mgt Subsystem

Maturity Author Last  Modification
Date

: Perception
REQ_FUNC_11  The AIDA_UAV shall Stabilze
UAV
REQ_FUNC_111 | The function Stabilize UAV shall ‘
REQ_FUNC_11.2 The function Stabiize UAV shall
produce Stabilzed UAV. | ] ) —
REQ_FUNC_3 | The AIDA_UAV shal Fly fonext | Medum | | Wed Oct 09 16.07:41
. POL | | | cesTaom
REQ_FUNC_3.1  The function Fly to next POI shall
et

<

<
pictures

I REQ_FUMNC_g Configure mission
BB REQ_FUNC_9 Check UAV health
I REQ_FUNC_10 Return to Ground Station
I REQ_FUNC_11 Stabilize UAV
I REQ_FUNC_12 Supervise Mission
a REQ_FUNC_22 Refrieve mission plan
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B. Functional and logical architecture (3)

* Thanks to the contribution of all views, system requirements
improve progressively in maturity

Legend B modes [Modes] NaTe Tk
A LifeCyde Allocation (W) REQ_OP_MODE_2 ON The JAIDA_UAV shall be able to operate in the following exclusive =Modes:
i — 5.1 Modes « [HOFF
k- B . @ON
i B 5 Bt i '
LE B a8 |
Bl 2 & £ o |
3.5 & Uog 2 ! When the AIDA_UAV is in WON mode, then the =AIDA_UAV shall be able to operate in the following
% g m a *g] B E g exclusive sub-modes:
g3 & E2&>5 86| B (& REQ_OP_MODE 2 ON
= E W o8 B g « (Not Configured
= =8| B —- ™ m T W « (i Configured for mission
o =N E e e e :
- oo el S S 87 =k
i1} w C)| w W L LW
8 38§ 88888 o £ 12
2‘ ZI EI & Z‘ EI 2‘ ZI 2‘ 89 E (M) REQ_OP_MODE_2.1 Not Configures
%‘ %I %I 5 %‘ %I %‘ %I %‘ When in (Not Configured mode, the ZZAIDA_UAV shall perform the following @Not Configured
o o o cull=ilolie ke Functions:
& i 2 EE e & 90 REQ_OP_Not Configured_FUNC_| o
= == FEEEE « @BLoad mission p_lan
e = = o - + @Configure missi==—— -
-8 REQ_FUNC_4 Load mission plan - - . When in mNot Configured mode, the SAIDA_UAVY shall
— = 91 B () REQ_OP_MODE_2.2 Configured fol " g witos
FB REQ FUNC 5 Take picture - - A perform the following @Not Configured Functions:
= = . When in i Configured [®Configured for
8 REQ_FUNC_7 Store picture ! ! )2 thissinh FUhetions: » @Load mission plan
-@8 REQ_FUNC_8 Configure mission - A . 92 @ REQ_OP_Configured for mission] . » ®Configure mission
. ec T
-8B REQ_FUNC_S Check UAV health ] - 7 . § ﬁend WRIBA R » @Check mission plan
REQ. PUNC_10 Reui i Gros ek St ks ks When the 5AIDA_UAV is in (1/On Mission mode, then the 5*AIDA_UAV shall be able to operate in the
B REQ_FUNC_11 Stabilize UAV n n s following exclusive sub-modes:
REQ_FUNC_12 Supervise Mission a3 E (M) REQ_OP_MODE_2.3 On Mission
@B REQ_FUNC_12 Supe Hl | A i

When allocated to modes, functions are constrained in their usage: there is a new system

requirement that defines their validity with regards to system modes...
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DEMO 2 — Refinement of system requiremen SAMARES
down to subsystems and initialization of RFP .

* |nitial conditions: we start from functional architecture

1. Allocation of sub-functions on sub-systems/components
and derivation of logical architecture

Allocation of functions to modes

3. Initialize expression of needs for sub-systems /
component (Document generated)
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Way forward...

* The road is still long...
* Improve modes identification,
 Complete logical architecture with control flow,
e Address other constraints (physical, safety...)

... but we know we go in the right direction
* Good feedback on current usage of plugins

* Now we need more UC to progress faster
* Many domains and many contexts...

Decision to launch a “Live specification partnership program”
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* General principles of this partnership

Agreement signed for a given period (6 months / 1 year / 2 years)
Samares Engineering provides “Live mode” plugins under NDA
Samares’ partner provides industrial Use Cases under NDA

Both partners share feedback in use of plugins on industrial UC
Samares’ partner benefits from new revisions of plugins
Possibility to acquire plugins or order specific improvements

* Launch planned on 18" November 2019

Number of partners will be limited (5 to 7, still to be refined)

@ Want to know more? Express your interest at

N

(/
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Questions and answers

Thank you for your attention
Any question before the bell ?

@)
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