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m\ Background and Motivation



> Background S

® Glaway has been deploying
Capella-based MBSE solution in a
Radar institute since late 2016

® The Radar products of this

institute vary from seeker,

spaceborne, airborne, shipborne
to ground-based

® By now, each areain this institute
has at least one product using
Capella in its architecture design,
Including the most complex

product




» Motivation S
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® Develop an add-on to make mode and state machines executable. Use a control panel to interact with the state machine,
and automatically record execution process as a scenario. Judge if the sequence of functions and interfaces is desirable
by compare manual scenario and auto-record scenario.

® During state machine execution, M code (and C code ) embedded in functions can be directly invoked to simulate the

operation effect of the architecture. 6
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> Execution Rules of State Machine (1/3)

()
o

e

#EEEELE &= (Edit Properties of Mode)

(M)

q

—_

‘Base Management\l Simple[}escripticm\l

e)EfH: Model

ISt

Summary)

TR
e Implementation)

=zundefined=

A0 =undefined =
(Entry)
entryGen: >  =undefined=
HATIERD : LogicalFunction_1
(Activity)
adi?iEGen: >  FunctionalExchange_1
HO LogicalFunction_2
(Exit)
exitGen: >  FunctionalExchange 2
BEfEE f ThEE:  <undefined=

rational Activity / Function)

(S

I

®@ F

FEAL(F)

/|

(OK)
la=AAY

sEEmEE v (Edit Properties of Transition)

&£ (Mode) CI g (Transition) el B e
#5 (Mode) sz (Transition)

Nar

=

—_

Base Management\l SimpleDescripticrﬂ

e) B

y) B

BHP: [temp == 0

Guard)
=2 - LogicalFunction_3
(Effect)
P : =undefined=
Transition Implementation)

=

effectGen: FunctionalExchange_3

e (Trigger)

(2] (=] (%]

(=] (%]
(=] (%]
(=] (]

B

DFlFunctionalExchange_1

BREE
(Trigger Description)

@ [

||

A~

([
1
T

1\
LdIILEI,l

Gw

Glaway soft.

Based on Mealey machine,
as follows:
® The trigger of transition
can only be functional
exchange or time event
® The guard of transition
can directly reference
property values from
relative component
Different state machine
can use “Gen”
mechanism to trigger

each other



> Execution Rules of State Machine (2/3) ol

© a2 L -
When transition occurs, the sequence of function and Gen
is as follows:
N —_ SWMode ] —> 1. Execute do function of pre-state

do/ LogicalFunction_&
<.:.53Gen / FunctionalExchange_1 [-> LogicalFunction I >—> 2. Generate doGen Trigger of pre-state

<exit / LogicalFunction_
<&xitGen / FunctionalExchange_2 [-> LogicalFunction —> 3. Execute exit function of pre-state
[region]

4. Generate exitGen Trigger of pre-state

'/—> 5. Guard of transition can reference property value
—

FunctionaIExchan (AFTER) 10000 > 6. Execute effect function of transition
</ FunctionalExchange_3[-> LpgicalFunction_5] ——>

— 7. Generate effectGen Trigger of transition

-

r Ao //> 8. Execute entry function of post-state
entry / LogicalFunction a>—— 9. Generate entryGen Trigger of post-state
<>_en ryGen /TunctionalExchangeA [-> LogicalFunctiom/ y gg p

[region]




> Execution Rules of State Machine (3/3) ol

[@linza_2  (Initial) Diplay rules during execution are as follows:
l ® Current state/mode is highlighted by red
(M) Mode_1 ® Transition to current state is highlighted
f=ga | by yellow

® States/modes and transitions that have

FunctionglExchange_1

been through are highlighted by green

= FunctionalExchange_2 ® States/modes and transitions that have
[m] Mode 3 -

, not been through display as default
[region] [region]

The process of execution will be record as scenarios automatically
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» Control Panel S

xﬁﬂmﬁ (Model Execution) |_33__|T
pEEwEE  (Select Target) Users can use control panel to

SimulationConfigurator - interact with mode/state machines
HEHET—=r0 : (Select Trigger) . .
- during execution:

\ N

E{E#H: (Set Value)

embedded M code)

\ ® History of triggers that have been

B sent durlng execution

(Cancel)

~

/

\

~

® Select the target to send triggers
® Select the trigger to be sent, and

send it

> ® Define the value of the trigger to

N\

be sent (the value will be used

when relative function has

/
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» Execution Rules of Function Data Flow S

Execution -

Rl FuncticnalExchange 5

Execution

D=l FunctigpalExchange_6

D=fl FunctighalExchange_7

Our execution add-on can support execution of function

data flow other than mode/state machine. The rule is based

on Petri-net, as follows:

® Add initial node, the function connected to initial node
will be executed at first

® The beginning condition of a function’s execution is that
all input ports has at least one token

® The execution of function will consume one token on
each input port

® After execution, a function will produce one token on
each output port

® A token will move from the output port to the input port
immediately after it is produced

® The process of execution will be record as scenarios

automatically
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> Execution Rules of the Whole Model oy

If some components have MSM while others don’t, our execution add-on can make a hybrid-execution of state
machine rule and function data flow rule:

® Components with MSM will execute under state machine rule, and others under function data flow rule

® At the border between state machine rule and function data flow rule, triggers in state machine are equal with

tokens in function data flow

§ |iBEEms

Component with MSM

© a2 \ §]Lc2
l §]ic1

[ (™) Mode_1 ] D=l FunctiongExchange_4

[region]

¥
D=H FunctionajEkchange_7

@ LogicalFunction_1 FunctionalExchange_1 2

; FunttjonalExchange_3
FunctionalExchange_1 ge3/ 7 D=8] Functioma|Exchange 6

i 8 [-> LogicalFunction_7
[ g 7] FJITEtEnaIExchange_Z A
s~ - a ‘\\ —— -
Mode3 | . . T T T =" P == S | — R - :
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- \
T e Logical Function_
7
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<

: FlinctionalExchange_3 gb LogicalFunction

LogicalFunction_5

[region]

[
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D= FunctignalExchange_4

DH FunctionalExchange_ 5

Matlab Code Embedded in
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Users can invoke Matlab editor to edit embedded M code by

function’s right-click menu:

AMatabERE (Edit Code within Matlab)

i

] [

The first line of Matlab function is auto-generated, re-using

function name and functional input/output

Property value of relative component can be referenced by

“localData”

Breakpoints can be added in Matlab Editor to debug while

execution

| #5558 - C\Users\Sean\Documents\MATLAB'LogicalFunction_4.m
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> Display Options for Execution ot

BEEE (Preferences) . oo P S |
B TESETE BRI (Dynamic Execution of Model) - - -
! :—i!ﬁ%ﬁ EREEHITER (Configuration of Dynamic Execution of Model) ® The number of functions and interfaces
- invoked in execution for areal ( RADAR)
s Acceloo MmiTiE=ixE (Select Embedded Language)
.+ Activity Explorer ©c system simulation is very large (from
| » coo @ Matlab m
-~ i .
. Ecore Diagram thousands to millions). Sometimes it’s
» EGF . . . .
. Kitalpha [@]seEfiEA (Insert at Real Time) impossible to highlight MSM and update
MDE Reporting (V] scETRER (Update at Real Tlme) . . . .
. Model Validation [V RIS (Highlight at Real Time) | scenarios in real time. So we need display
k] J = 3 = &= i - - . . - .
Mwez I SETRIEDSRNEL (Insert after Execution) options to improve execution efficiency in
> Sirius V|#ATEERENIE (Record Execution Process)
" SMEX ] | some cases.
4 SMEXEEEE (Configuration)
’fﬂﬁfmf (Dynam ® If the real-time update option is closed, the
IFIUS Dackup
+ Team execution process will be record as xml file,
(Backto Default)  (Apply)  f which can be partially inserted into
[ rEEAED) || mEe) | _ _
scenario after execution.
@ Loox || m# |

(Cancel)

15



Example




> Introduction to MPAR Example

AX

K&“’"X—E— . S
% _-\F{< Signal |
<D | \|'|||||ﬁ
Echo Signal
Simulation Processing
Current Job
Job Queue —_— ‘ 1
S B S
Schedl.:lar Tracks 1 -
Radar Manager Tracking

-- This picture comes from Matlab 2019a

Detection

Gw

Glaway soft.

® MPAR (Multi-Functional Phased Array

Radar) performs both scanning
(searching) and tracking tasks. Most
of its simulation code comes from
MPARSearchTrackExample in Matlab
2019a.

This example intends to show how to
use execution add-on to do system
simulation. It’s not about how to
design areal phased array Radar. So
it only uses baseband signal, and

simplified signal processing.

17



> Logical Architecture of MPAR

E]Target

§ |MPAR

=1 FE_echo

§ | AntennaSu bsystem

DEf] FE_xrs

> @) receive >

@ generateEcho

D=1 FE_wav

DeE] FE_xrdel

D=l FE_xrdaz

D=8 FE_xsu

4 ]signalProcessingSubsystem

In
D=8 FE_xdgz
|

@ initializeSPS

DEE] FE_wdsg

)%L:FJ generateDetection

Lry

® MPAR consists of five subsystems:

Radar managing subsystem, antenna

subsystem, signal processing

subsystem, data processing

subsystem and display subsystem.

MPAR will search, confirm and track

targets under the control of simulation

configurator.

® Radar managing subsystem, antenna

subsystem and simulation

configurator has MSM, while others

don’t.

(7 initializeAntenna \_% initializeDwell
1 k|

[ DrwellinitSignal

=

EF_beam_direction3

D=fl FE|detection

=

(L5 beamContral

rrent_job3

hd
51FE_jobgl E

§ | DataPro cessingsubsystem

E_jobg2

L initializeRM
N &

@ updateTrackAndlob @@ initializeDPE

FE_disp_data2

went_j obi

@ recordTracklob

§ | DisplaySubsystem
-

—ii V]
@ displayTaskPlot

@ updateTaskPlot

\

D=l RMInitsignal

[E2]] Dwellstartsigr}BJ

[ DwellEndSignal

D= AntInitsignal

£ 3 SimulationController [HJI
StartOrdg

w

iz

ﬁ]simulationtonfiajrator (&
dateTi
y @ updateTime

DEl DPsInitsignal

5 initializesimulation

D=l 5PSsInitSignal

3

) startSimulation IT

Gw
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> MPAR MSM: Simulation Configurator e

@ nta 2

[#) Simulation_Down

[isSimulationEnd == 1] / updateTime

[region]

. ® After receiving StartOrder from
StartOrder

simulation controller, simulation

(s Initializing

configurator will initialize MPAR

entry / initializeSimulation

entryGen / AntlnitSignal [-> initializeAntenna]
doGen / SPSInitSignal [-> initializeSPS]
doGen / DPSInitSignal [-> initializeDPS]

simulation environment, and send

exitGen / RMInitSignal [-> initializeRM] initialization signal to different
el subsystems.
h ’ [isSimulationEnd == 0] / updateTime / ® \When simulation is on, the
' : : N DwellStartSignal [-> getCurrentJob]
( L BT = I configurator will update simulation
[region] M .
DwellEndSignal time at the end of each dwell.

19



> MPAR MSM: Radar Managing Subsystem

© a2

|

™) Stand_By

[
{[region]

RMInitSignal

(s Initializing

entry / initializeRM
entryGen / FE_disp_datal [-> displayTaskPlot]

(M) Working

Gw

Glaway soft.

® After receiving initialization

entry / getCurrentiob
entryGen / FE_jobql [-> updateTrackAndJob]

[region]

entryGen / FE_current_job3 [-> updateTrackAndJob]
entryGen / FE_current_job4 [-> recordTrackJob]

do / beamControl

doGen / EF_beam_direction3 [-> generateDetection]
doGen / DwelllnitSignal [- > initializeDwell]

[region]

DwellStartSignal

signal, Radar managing
subsystem will initialize job
gueue, and enter working mode.
In working mode, Radar
managing subsystem will get
current job at the beginning of
each dwell, and provide job
information and beam direction

to other subsystems.

20



> MPAR MSM: Antenna Subsystem

© 11a.2

(%8 Down 1 AntnitSignal / initializeAntennd ‘™) Stand_By

{[region]

® After receiving initialization
signal, antenna subsystem will
initialize the phased array, and
enter Stand_By mode.

® |n each dwell, antenna
subsystem will working
through Transmitting mode and
Receiving mode for every pulse,

until all pulses are finished.

[region]

-

DwelllnitSignal / initializeDwell

[isinDwell == 1]

(™) Transmitting

entry / transmit

entryGen / FE_wav [-> generateEcho]

FE_echo

[isinDwell == 0] / FE_xsum [-> generateDetection],
FE_xdaz [-> generateDetection], FE_xdel [->

generateDetection]

Choice 5

Gw

Glaway soft.

[m] Receiving

entry / receive

[region]

entry / pulselntegrate

[region]

21



Embedded Simulation Code for MPAR Functions (Partial) .G,

|/ |85 - C:\Users\Sean\Documents\MATLAB\getCurrentlob.m

OLEE D B e

WE  BF B oma B0
- - mE HE
5 LT3 b=}

]

| getCurrentiob.m |+ |

|functiun [jobg, current_job, localDatal=getCurrentJob (jobg, FIP 2, localData)
global fc ¢ lambda maxrng minrng bw f3 prf devele rngres arraysz beamw pd pfa current_tine tg

gzlobal mfradar env jobload:

searcha = joba. SearchQueue;
trackq = jobg. IrackQueue:
searchidz = jobg. Searchlndex;
mun_trackq items = jobq NunTrackTobs:

% Update search queue index
searchqids = mod(searchidx-1, umel (searcha) )+1;

% Find the track job that is due and has the highest priority
readyidx = find([trackq(l:num_trackq items).Time]<=current_time):

m

[",maxpids] = max([trackq(readyids).Priority]);
taskgids = readyids(naxpids)

% If the track job found has a higher priority, use that as the current job)
% and increase the next search job priority since it gets postponed.
% Otherwise, the next search job due is the current job.
if “isempty(taskqide) && trackq(taskqidx).Priority >= searchq(searchqids).Priority
current_job = trackq(taskqidx):
for m = taskqidx+l:num trackq items
trackq(n-1) = trackq(m);
end
mm_trackq items = mum_trackq items-1:
searchq(searchqids). Priority = searchq(searchqidx). Priority+100:

else
current_job = searchq(searchqidx):

searchidx = searchgids+l;

T b

1 A1

/] 48558 - C\Users\Sean\D

Detection.m (=

] EREREEEO] <
Ik H &
gz R % R W E6% w6
&l tE
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\MATLAB\,

&
]
1 v

pras S5

® e w oM

-1

@

| generateDetection.m |+

function [detection, localDatal=generateDetection (xrsint, xrdazint, xrdelint, bean_direction, localDel)
global fc ¢ lambda maxrne minrng bw £5 prf devels rneres arraysz heamw pd pfa current tim= tztpe
global nfradar env jobload:

% Compute detection thresheld

nbw = nfradar.Rx. SampleRate/ (nfradar. Wav. SanpleRate/nfradar. Wav. SweepBandwidth) ;
npower = noisepow (nbw, nfradar. Rx. NoiseFigure, nfradar. Rx. ReferenceTenperature) ;
threshold = npower # dbZpow(npwgnthresh(pfa, 1,” noncoherent’))

ant_snreain = pow2db (arraysz'2)

nfcoeff = getMatchedFilter (nfradar. Wav)

mfgain = pow2db (norm(mfcoeff) "2) ;

threshold = threshold * dbZpow(nfgaint2+ant_snrgain)

threshold = sqrt (threshold):

tgrid = unigrid(0, 1/mfradar. Wav. SampleRate, I/mfradar. Wav.PRF,” [)7 )

rgates = nfradar. IxAnt.PropagationSpesdstzrid/2:
% Matched filtering and time varying gain
xrsmf = nfradar. TVG (nfradar. MF (xrsint) ) ;
% Detection in ramge and angle estimation via momopulse
if any(abs (xrsmf) >threshold)
[, tgtide] = findpeaks(abs(xrsmf),” HinPeakHeight’,threshold, ...
" Sortstr’, Descend’, WPeaks™, 1)
rng_est = rgates(tgtide— (numel (mfcoeff)-1)):
ang_est = nfradar. DOA(xrsint (tgtide-1), xrdazint (tgtide—1), xrdelint (tgtidx—1), beam_direction)
% Form the detection object.
measloise = diag([0.1, 0.1, 150].72):

detection = objectDetection(current time,...

% Measurement noise matrix

[ang_est (1) ;ang_est (2) rng_est], ~Measurementloise”, measNoise,...
*MeasurementParameters’, struct { Frane’,” spherical’, 'HasVelocity', false)):
else
detection = objectDetection. enpty:

end

71 71

mﬁ% C:\Users\Sean\Documents\MATLAB\updateTrackAndJob.m
s 59 H Lo =ttt BAEl A
vR mw g D~ OlEE- R % R gl on per gm0
v v = NE v EE v E - - B i
i S FE = =i = |
| updateTrackAndlob.m [+
71 function [jobq, FOP 2, disp_data, localDatal=updatelrackAndlob(jobg, detection, current_joh, localDTD
Zl= global f¢ ¢ lambda maxrnz mineng bw fs prf deycle rngres arraysz beamw pd pfa current_time tg i
il= global mfradar env jobload sceneplot:
4 - trackq = jobq. IrackQueue:
El= num_trackg items = jobg. MumTrackJobs:
3 % Exscute current job
7 - switch current_job. JobIype £
8 case " Search’
9 % For search job, if there is a detection, establish tentative L
10 % track and schedule a confirmation job
= if “isempty (detection)
12— ang_est = detection. Measurement (1:2); L
13— rng_est = detection. Measurement (3): r
14 — if "mfradar. IsTrackerInitialized
15 — [, " alllracks] = mfradar. Tracker (detection, current tims,uint32([1)): r
16 — nfradar. IsTrackerInitialized = true:
17 = else
18 — [%,~, alllracks] = mfradar. Tracker (detection, current time,uint32([]))
19 - end L
20 — num_trackg items = rum_trackq items+l:
21 — trackq(num_trackq items) = struct (" JobIype’, Confirm’,” Prierity ,2000,... L
22 "BeamDirection’, ang_est,’ WavefornIndex’, I,” Time’, current_timetdwelltine,... o
23 “Range’, tng_est,” TrackID’, alllracks("[allTracks. IsConfirmed]). TrackID) ; [
24 — if current_time < 0.3 1
25 — fprintf ( \tTarget detected at %Ff n', rng_est); [
26 - end k
27 — else L
8 - alllracks = []: ]
29 — end
30— case “Confirm’
31 % For confirm job, if the detection is confirmed, establish a track
32 % and create a track job corresponding to the revisit time
33 if “isempty(detection) il
I m »
71 A 1

getCurrentlob

generateDetection

updateTrackAndJob

22



> Execution Effect of MPAR Example

workspace - SMEX - platf:orm:/fesource/MPAR/MPAR.ai

SZHF) 4REB(E) Diagram BUEIN) BFEA) WEE)

.i‘;'

N BT B

% MPAR & [LAB) BEEHK 2

B-R-|EG| O~ w%~|=

§38 Target

Q@S E-k A -iG-

rd/[LAB] ﬁﬁ?‘é’-—aawastEX ‘T

'_'T- ..7!—77

Gw
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@ generateEcho

HME W) ZE(H)
2| E|®RRQA100% | m@mE| D ok
{ 1MPAR
§ ] AntennaSubsystem § ] signalProcessingSubsystem
DSIEE o o ID=3] FE_xsuin L
DFI FE_echo ' © receive 4 DIFE xrdsz [ @ pulselntegrate ™} [ sy FE xddz -
D=1 FE_xrdel generateDetection @ initializeSPS ]
= D=3 FE_xdgl
DRI FE_inpisefl E
D=1 FE_wav ‘",IJ 29
@ transmit /
@ initializeAntenna @ injitializeDwell Al
.l - beam_direction3
Tt D3] FE|detection

D=3 DwellinitSignal l

m_directionl

j:l HadarM. irigSubsystem 4§ ] ataProcessingSubsystem
FE_current_job2 D=1 FE_cyrrent_job3
| AR A |V}
D3l FE_jobql
(@ beamCentrol @© getCurren @ updateTrackAndjob @ initializeDPZ]
_?_’_____'43
r FE jobg2 =
DEIFE jobq DA F rrent_jobft _\mpg_d;sprd,w
Al > = = £
@ initializeRM Edisp datal | £ pisplaysubsystem
r i T —d ¥}
\ @ recordTrackiob @ displayTaskPlot @ updateTaskPlot

\

D=3 RMInitSignal

221] Dw‘c—llStarthgN

D&l DwellEndSignal

D=3 AntinitSignal

§3 simulationController
D=3) StartOrder

i3 Simulation(‘.onfibﬁramr

@ updateTime

D=3l DPSInitSignal

@ initializeSimulation

D= SPSInitSignal

@ startSimulation
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> Other Add-on Provided by Glaway e

Add-on Name Introduction

DGS ( Document
Generation Server )

TPM ( Technical
Performance Manager )

ICM ( Interface Control
Manager )

Transform Capella model into documents. Users can edit templates
in Word in a “what you see is what you get” manner, without using
Aqgl.

Model and manage all MOE, MOP and TPM in Capella model.
Users can make gquantitative analysis among different
measurements, and graphically analyze change impact of a given
measurement.

Detailed design of interfaces based on functional exchange,
component exchange, and physical link. Include message design,
data word design and pin design based on different bus types, e.g.
1553B, RS422, RS485, CAN, AFDX and so on.
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