MIL / SIL Tutorial

eeoee e
°P9d
o PP e

P9

EMMESKAY

e o o o o ADVANCED TECHNOLOGY SOLUTIONS

http://www.emmeskay.com/

EMMESKAY, INC.

47119, Five Mile Road
Plymouth, Ml 48170 USA
Phone: (734) 207 — 5564
FAX: (734) 207 — 5556

info@emmeskay.com

EMMESKAY SYSTEMS SOLUTIONS Pvt. Itd.

20 Kannadasan Salai, T. Nagatr,
Chennai 600 035 INDIA

Phone:
FAX:

+91 — 44 — 4207 0231
+91 — 44 — 4207 0243



:33°" Qverview

* Introduction

* Power Window Model
* MIL

°* SIL

o HIL

°* Review

2 COPYRIGHT EMMESKAY




eo0 000
°* 999
X I" X
°* 990

Introductio_n

* Goals of this tutorial
e Describe differences between MIL, SIL & HIL
¢ Give a walkthrough of how to actually go from

MIL to SIL using Real-Time Workshop

* Things not covered here

® Details of how to create and run HIL (too many
real-time simulator vendors to demonstrate

while remaining tool-neutral)
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:3%s. Introduction

* Different stages of the development
process (V-diagram) require different kinds
of models

* MIL = Model-in-the-Loop
e SIL = Software-in-the-Loop
¢ HIL = Hardware-in-the-Loop
* What are the differences in these models?

* How do we create them?
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133" Introduction: MIL

* Model exists entirely in native simulation
tool (e.qg., Simulink / Stateflow)

* Good for control algorithm development
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-ee- |ntroduction: SIL

* Part of the model exists in native simulation
tool (e.g., Simulink / Stateflow), and part as
executable C-code (e.g., S-function)

* Good for testing controller implementations
In C-code

Controller

C
‘
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-90-  Introduction: HIL
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* Part of the model runs in a real-time
simulator, and part may exist as physical
hardware (e.g., ECU)

* Good for testing Interactions with hardware

Controller

a—( ) %
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:38;. Overview

* Introduction

* Power Window Model
* MIL

°* SIL

o HIL

> Review
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~ Power Window Model

* Simulink includes a demo model of a power
window (PW) and its controller (see
Simulink / Automotive Applications section
of the Demo tab in Help system)

o \We will use this model to demonstrate how
to go from MIL to SIL o\

- - = obstacle
- - position

_ bottom
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=] PW_demoCS ™

Power Window Model

File Edit ‘Wiew Simulation Formak Tools  Help
DSE&| e &0t oy s om BB WER®
Model Browser ¥ 5 x| controller plant
subsystem subsystem aotur
y Conzole y y Capture
= 2 Pw_contraller
= y simple5L_contraller
: . o dMeutral
Em Fiud_h ainCartraller armature_curenit
"o B MainControllerlogic Aernature Current dp
m detect_obstacle_endstop -
y walidate_driver
- 2 walidate_passenger =l
E]---y PuplantD ynamics plp
pOown —
pObstacle:
Ful'_controller FuiplantDynamics Console
zimple5L_controller simple5L u Se r
interface
< |61 |
Ready |100% | | lode45 y

10
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PW Model: Configurable Subsystems

Signal
Capture

armature_cument

Cpen Block,

Cpen Block In Mew \Window

Explore

dMeutral

dUp

Cument In1

dDawn

Zuk

Copy
Delete

pMeutral

pUp

Pul_contraller
simple 5 L_controller

Block Chaice

Mask Parameters, .,

Subsystem Parameters., .,

Black Properties. ..
Model Advisor...

Corwert bo Model Block.

CDODControllerCcode
Conkraller _Sfunckion
Controller_Sfunction_FixedStep
CurrentDependentObstruckionDeteckion
simplesl_Ccode_controller

w simpleSL_controller

Requirements

Real-Time YWorkshop r
Eixed-Point Settings. ..

Linearize Block. ..

PW model uses configurable
subsystems (linked libraries)

Mask Subsystem. .

right-click on a subsystem and
select “Block Choice” to see other
available subsystem choices
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PW Model: Controller Subsystem

® o0 0 0
=] Link: PW_demoCS/PW_controller/simpleSL_controller * = E|r>__<|
File Edit ew Simulation Tools  Help
D eEd& = poejio jhemd ~|HeBE ) REEE®
todel Browser @ Bl x o +
P _demalCS HH ﬂ - botacle 1
+- 3+ Console ndstop position
- 2| Pw_controller setonl] position
an n} L= 0
= zimpleSL_caontroller Dz W neutral = . mowe_up<lor
. i dstoplr dstopD B
.- B Pw_MainContraller driver_neutral (T —— endstopDown
# MainControllerLogic driver_up detect obstacle_endstop
- { : ———f{ down neutral_up_down |—
¥ y detect_obstacle_endstop driver G P
¥ y walidate_driver | [endstopUp] = | endztop Lp \
i driver_EU y 1

¥ y validate_pazzenger fhver_ N

+- B PwiplantDynamics driver ED : : S
P walidate_driver

(&)

passenger_neutral

= nzutral

o
passenger_up

[ 7} e down
passenger_down
[endstaplp] endstop Up
nassenger_EL
[endstopCrown

ED
¥ = SR walidate_passenger

mooe_don

neutral_up_down

Fuv_hdainCantroller
gin ControllerLogic

endstop Down

Feady 100%;: odeds

/
main logic
(Stateflow chart)

preprocess command
signals from driver
and passenger

triggered subsystem
periodically checks if
there’s an obstacle

12 COPYRIGHT EMMESKAY



-33:" PW Model: Stateflow Chart
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-} Stateflow =link> {chart) PW_demoCS/PW_controller/simpleSL_controller/PW_MainController/MainControllerLogic/MainControlChart E|@
File Edit Wwiew Simulation Tools Add Help

HE (i n@ =4 BHE» I = (gl BRHO B

[T

il rwerNeutraI entry: movellp = 0
P maovellp = 0; 1

rmovellp =0
: maveDown =
moveDown = 0; [F'E'SSE”QEVB]]

safe emergencyDiown
passengerneutral [endstop | after(t 00 Hcks)) \ :
ﬁ g Y fenty
ent

moveDown = 1;

[passenger[Z]]

%ndstnp]
r/paaaaengerl_lp

Yo |e |®

[endstnp]

I'Hpgassenger[:u:uwn = ‘{f = 5 i
entry: moveDown = 1: |n| Agsenger DW” 5 = : _ .. [|niPassengerlp
axit. moveDown = [, [passenger(1]] ™, | BNl mavelp = 1 [hsme]
—@ fﬂerﬁﬂﬂl'* 3 ~Tpassengari]] s S = aftar(100 ok
2

[FIESSEHQEF[”] ) . ?\EFIEISSEHQEFH]]

assenger[Z
= _2 [} gerf]]
el [autuF'assengeanwn] [F'EISSEH e 'I'Wﬂ 4] [autuPassengerUp]
. E "\h [passenger(3]] i o

TEY T
z B [driver[2]] 2 st ! [driver[]]
I [en siap] [endstop] |
f/d_riveanwn i

driverllp
entry: moveldp=1;
exit; movellp = 0

entry: movelDown = 1;
et movelDown = O

atter(l 00 ek
[driver[1]]

[driver[1]] [driver[1]]
[driver[2]]

A [driver[3]]

[driver[1]]

i
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:90-  PW Model: Plant Subsystem

=1 Link: PW _demoCS/PW plantDynamics/simpleSL *

File Edit Wiew Simulation Tools  Help
DS HS " = 4 e o fnomd  ~| B BE o REE®
Model Browwser @ % 4 up —
- El P _demnlCS rate cOnversian -
+- 2+ Console —\
= 2| Py _controller 1} Lo -
—|-- 3 zsimpleSL_contraller up E—}—- ”

= 3 Pw_MairController

J

nonlinear_friction

| MainCortrollerL: \
+- ¥ detect_obstacls_er ERD ..._|
H walidate_dii bstacl . 1 1
+ J'\"EI?EIE_ el obstacle L 0 - N - <
+- P walidate_passenoer ) ] ) - position
H y BT AR obstacle_on_off gain angular wvelocity windoww position
Sl simpleSL

hers Js

2z
IEI_/_p_. friction
dawun
dawn signal
COnversian
< E
Ready 100%: odeds

simple plant model integrates
acceleration and velocity to
predict window position
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°* 990

File Edit “iew Simulation Format  Tools  Help
[ dema pnsalesd P i |

D SHS &= 4 pomfio [noma ]| i [ 0| b T i —"
File Edit “iew Simulation Format Tools Help
']
I
nt current
up
cantral
@ position =I:| "
Inz
neutral 1 down
dMeutral cantral
u o DRIVER Controls
dUp -
down 3 OR Fi00%: DdE45
driver_switch/ dbewn

toggle switches to signal

v " ] up and down commands
down 4‘ .
from driver / passenger

passenger_anitch

Obstaclelogic

obstacle anitch
[t}

%

ik

toggle switch to = T
engage obstacle ! i

Ready 100%: oded5
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:33°" Model-in-the-Loop (MIL)

Run the existing model in Simulink for MIL

=] PW_demoCS ™

File Edit ‘Wiew Simulation Formak Tools  Help

O =2EH& = I |'IEI |N|:|rmal ﬂ@ BEEe
Model Browser @ %JJ. x
Signal
+- ¥ Conzole e
= #+| PwW_controller
= #3| simpleSL_contraller
= m P _MainContraller anmature_cumenit dMeutral
#| MainControllerlagic Aernature Current dp
¥ m detect_obstacle_endstop -
+ - P validate_driver
+- P3| wvalidate_pazzenger =l
+ y PuplantD ynamics plp
L pOown —
pObstacle:
> Ful'_controller FuiplantDynamics Console
M I L CO ntrO”er 4 zimple5L_controller simple5L
subsystem uses
Stateflow chart
< >

Ready 100 odeds




:32;. Model-in-the-Loop (MIL)

* Controlling the model

e Original model controls inputs via 5 toggle switches
= Obstacle
= driver up
= driver down
m passenger up
= passenger down

* Not very convenient for automated testing

* Enhancements

* Replace 5 toggle switches with “from Workspace”
blocks so you can run automated model testing
through an m-script
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:33°" Model-in-the-Loop (MIL)

i1 PW_demoCS_Modified_SIL/Console

File Edit Wiew Simulaktion Faormat  Tools Help

U ezES f = 1 Pos o [Nomal v B [ B B EE S

EEX
1 PW_demoCS_Modified_SIL/Consoler... [= |[B1][X]

File Edit Wiew Simulation Format Tools  Help

h EEE r

I

In1

current

(2 — pl 1 DU Crel pcmd]
= position
" pasitian up control

boolean

L CrruDrovenCmd

n down control
up DRIVER Controls
doun > or Fl100% \ oded
e IR [. \
o replace toggle
- R switches with from
e Workspace blocks
I
____ [ ! 1 change constant = 0 to
e s o | \'// bypass ObstacleLogic
@ o > »D Stateflow chart
(use ObstIntro variable
= directly from Workspace)
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Model-in-the-Loop (MIL)

 Sample script will:

open specific test model

select specific subsystems from library
set specific input conditions (test vector)
execute simulation

compare results to “known good”

20
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:33°" Model-in-the-Loop (MIL)

model = 2; % model configuration
input = 2; % input conditions
output = 2; % expected results
plotit = 1; % show plot of results?

% set model configuration
switch model
case 1
% original Mathworks model
modelname = 'PW_demoCS.mdl';
open(modelname)
set_param('PW_demoCS/PW_controller','BlockChoice’,'simpleSL_controller');
set_param('PW_demoCS/PW_controller/simpleSL_controller/PW_MainController','BlockChoice’,'MainControllerLogic’);
case 2
% model modified to shortcut console Stateflow diagram
modelname = 'PW_demoCS_Modified.mdl’;
open(modelname)
set_param('PW_demoCS_Modified/PW_controller','BlockChoice’,'simpleSL_controller');
set_param('PW_demoCS_Modified/PW_controller/simpleSL_controller/PW_MainController','BlockChoice’,'MainControllerLogic’);
case 3
% model using S-function representation of controller subsystem
modelname = 'PW_demoCS_Modified_SIL.mdl’;
open(modelname)
set_param('PW_demoCS_Modified_SIL/PW_controller','BlockChoice','Controller_Sfunction’);
end
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:33°" Model-in-the-Loop (MIL)
. odel-in-tne-Loo0
eeo o000
0, i i .
% set input conditions /f) run simulation EmmeSkay funCtlon fOI‘
switch input sim(modelname); i .
% passenger raises at 2s, driver lowers at 9s % check outputs for pass / fall
tU=[010f; switch output
DrvUpCmd = [0;0]; case 1
{DD = [0:6:6:9:9:10]; % window raised at 2s up to 0.4m and lowers at 9s back to Om
DrvDownCmd = [0;0;1;1;0;0]; expected = load('"ExpectedResultl.mat’);
rms_error =/minimum_rms( ... —
tPU =[0;2,2,777,10, [position.time, position.signals.values], ...
PassUpCmd = [0;0;1:1;,0,0]; [expected.position.time, expected.position.signals.values]);
tPD = [0;10]; :; Irorlrgjierror <0.01, result = 1, else, result = 0, end
PassDownCmd = [0;0];
_ plot(expected.position.time, expected.position.signals.values,'b’, ...
tOi = [0;10]; position.time, position.signals.values, 'r--")
Obstintro = [0;0]; ' o '
case 2 legend('Expected Results','Actual Results')
% passenger raises at 2s, obstruction at 3s end2
tDU = [0;10]; case
DrvUpCmd = [0;0]; % window raised at 2s up to 0.25m and lowers at 3s back to Om
expected = load('ExpectedResult2.mat’);
(0D = [0:40]; rms_error =iAIMUMIMS( .. —
DrvDownCmd = [0;0]; — .. . " o
[position.time, position.signals.values], ...
tPU = [0;2;2;2.1:2.1;10]; [expected.position.time, expected.position.signals.values));
PassUpCmd = [0;0;1;1;0;0]; if rms_error < 0.01, result = 1, else, result = 0, end
if plotit
tPD = [0;10]; I;))Iot(expected position.time, expected.position.signals.values,'b’
PassDownCmd = [0;0]; o . o TN ' T
position.time, position.signals.values, 'r--")
tOi = [0;3;3;10]; legend('Expected Results','Actual Results’)
Obstintro = [0;0;1;1]; end
end end
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:33" Model-in-the-Loop (MIL)

Running the script for test case shown above

results in the following:
FEX

File Edit Wiew Insert Tools Deskiop wWindow Help

I EEREEIRE = >> PW openl oop

0.3

result =

— Expected Results
— — Actual Results

0.25

1

0.2r

015

0.1

0.0s -

-0.05
a
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:33°" Software-in-the-Loop (SIL)

Convert controller to S-function for SIL

E! PY_demoC5_Modified_SIL
File Edit

Wiew

Simulation  Farmat  Tools  Help

DSHS = b fio Jhomad  ~|| BB e BE@E®
todel Browser @l% b4
=8 = kP demolCS_Modified SIL Signal
- 3 Conscle Capture
.- Pwi_contraller
= B Controller_Sfunction
1 _ InputSSFarSFun_ dheutral
B _ OutputSSForSFun_ o in dUp
¥ y P plantDynamics .
y signal_capture
pHeutral
plp
pOown —
P _contraller pObstacle
SI L CO ntrO”er ¥ Controller_Sfunction PiliplantDynamics Console
- simplesL
subsystem uses
S-function
Ready 1005 oded




1332 Software-in-the-Loop (SIL)

* How do you create the S-function for the
controller subsystem?

® Right-click on controller subsystem and select
“Real-Time Workshop / Generate S-Function”

e Click “Build”

Cpen Block,
Cpen Block In Mew \hindow
Explare

EEX

Cuk

Copy
Delete

Block Chaoice »

Subsyskem Parameters, .,
Fi_cantr Black p ki
Blocks using selected variahle simpleSL_cal OCE Frapefrties. ..
BBBBB Parent Madel Advisar. ..

Requiremen ks L4

Select tunahle parameters and click Build
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1332 Software-in-the-Loop (SIL)

* |s that all there Is to it?
® No, not really
* We want to eventually run this in a HIL system
¢ HIL means you run the model in real-time

® Therefore, must get this model to run with a
fixed-step solver
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1332 Software-in-the-Loop (SIL)

1. Create S-function
a. Change model to fixed-step solver

=] PW_Tutorial ™
File Edit Wiew

S ERy® Formak  Toaols  Help

O | Eé Skart Chrl4+T

Model Browser Zonfiguration Parameters,., Chkr+E

m v Mormal

+ y Cons  Accelerator -
-3 PW_ External
S Bl Cankaller SHonchon F O L m

*4 Configuration Parameters: PW_demoCS_Modified/Configuration {Active)

> [E3

Select: Sirnulation tirme
Sabver Stark time: |D.D | Stop time: |1 1] |
Data Import/Export
Dyl i Solver option
= Diagnostics |
. HP Sample Time <\L‘|’.E[ Fixed-step w | ST odel [Bogacki-Shamping]
Note: The original ata Vet s S
, . Tupe Conversion Perindic zample time constraint; | Unconstrained v|
m Od el WO n t ru n Wlth Connectivity Fived-ztep size [fundamental zample time): |D.DEI1 | —
H Compatibility Tazking mode for peniodic sample Hmes: | Auta vl
flxed Ste p SO |Ve IS as Model Refersncing [] Higher priority value indicates higher task priority
H . Hard Irnpl Lati
|S . See ‘ Pote ntl al Mz:ﬂ;r:zfer?;ninzn e [] Autoratically handle data transfers between tasks
” = Real-Time ‘Warkzhop
GOtCha #1 belOW. Comments A
[ ak l [ LCancel ] [ Help I [ Apply I
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1332 Software-in-the-Loop (SIL)

a.

b. Build S-function from controller subsystem

c. A new model will open in Simulink
E! untitled * |Z| |E| [z|

File Edit Wew Simulation Format Tools  Help
u
O = S
driver_neut ral move,_up
driver_up
driver_down
passen: ger_neut ral
P nger_up
passen qer_dawn move_down
position
P _controll
Fl100%: de3
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:33;. Software-in-the-Loop (SIL)

2. Bring S-function into library
a. Copy new model
b. Right-click controller: “Go To Library Block”

Cpen Block,
Cpen Block In Mew WWindow
Explore

In1

k4

Cuk

Copy
Delete

Block Choice 4
Mask Parameters, ..
Subswstemn Parameters., ..
Fuii_gor  Block Properties. ..

simple3L ¢ model Advisor. .. antDynamics
Canvert bo Madel Black simple 5L
Requirements 3
Real-Time Workshop >

Fixed-Point Setkings. ..

Linearize Block...

Mask Subsyskem, ..
Loak Under Mask.

& Link,
Festaore Link

Port Signal Properties Wiew Changes. ..
[ 30 COPYRIGHT EMMESKAY
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1332 Software-in-the-Loop (SIL)

n library, select “Edit / Unlock Library”
Paste new model into library
Rename new model

© a0 TP
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Software-in-the-Loop (SIL)

e 0 0 0 =
1} ffi h P 0 0 i |
File Wiew Formatb Help
Can't Undo Chrl+Z
o T cleEmE

Can't Redo Chrl+Yy

Cuk Chrl+x

Copy Chrl+C Signal

Paste Chrl+y Capture

Paste Duplicate Inport

Delete Delete

Select all Chrl+a

Copy Model To Clipboard

Eind... Crl+F

Open Black.

PE! F_contraller

Explore

Block Choice

MMask Parameters, .,

Block Parameters, ..

' at it

d Block Propetties. .. armature_sume

Convert to Model Block, driver_neutral

ST S mave_up
Create Subsystem Ctrl+G driver_up
fask Subsystem, .. Chrl+mM PR
N iMmver_down
Lok Under Mask. Crrl+U driver_doun -
= passenger_neutral passenger_neutral
=) m passengar_douwn passenger_down

Update Diagram Chrl+D rrentDependantObstructionDetaction CoODControllerConde
armature_surrent
CIUEE (] Mmioe_Uj driwer_neutral driver_neutral

) P S mave_up S mawe_up
driver_up driwer_up driwer_up
driwer_douwn driwer_down driwer_down
passenger_neutral passenger_neugtral passenger_neugtral
passenger_up passenger_up passenger_up
move_down

passenger_douwn paszenger_doun monre_down paszenger_doun monre_down
position position position

simpleSL_Coode_controller

Allow the black library to be modified

Controller_Sfunction

Contraller_Sfunction_FixedStep

100% lLocked

v

[S74

Unlock library

Paste in new S-
function model

Double-click
name to rename it
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@ ~® 200

Software-in-the-Loop (SIL)

Double-click PW__controller

Check new model to make it available as a
block choice and click OK

Save library and close it
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-90-  Software-in-the-Loop (SIL)

°* 990

= Configuration dialog : PW_controller

List of block choices Fort names
Block narme Member Inports COutports | =11 _PWenntrolCS
File Edit Wiew Fo Help
CODODControllerCoode
: armature_current o D EHS =EE
Controller_Sfunction _
- - driver_neutral
Controller_Sfunction_FixedStep - - Signal
- Fiver_up Eapturz

CurrentDependentOhstructionD ]

] driver_down

signal_capture F]

- passenger_neutral

simpleSL_Ccode_cantroller

_ passenger_up PU_cantrallar

simpleSL_contraller -

passenger_down W
\ posttion slamature _surert Hammature_current
[ Dk ] [ &ancel l [ Help ] [ Apply —— movep dhvar nearl move p e e e up
\ driver_up driver_up ELEET
driver_down driver_down SRS

| passenger_neutral passenger_nevtral

mowe_down Apassanger up mawa_down s|passanger_up mawa_doun

_up
s|passengar_doun

Apassenger_down 3passenger_doun

simpleSL_contraller CurrentDependentObstructionDetection ChoDControllerCeode
Check new model i
dsdnetal move_up driver_neutral move,up driver_neutral meve_up
t H | d H t driver_up driver_up driver_up
O INClude It as a drve s
. . ypassenger_netral passenger_neutral Jpassenger_neural
library block choice
move_down
pa=senger_doun . mave_donn N — manre_doun
pasition position position
SimplsSISECodeReontnlicy Controller_Sfunction Controller_Sfunction_FixedStep
Feady 100%: Locked
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:33;. Software-in-the-Loop (SIL)

3. Run the SIL system

a. Select the new S-function for the controller
subsystem

b. Simulate the model

d Select new S-function
model for controller

Open Block
Open Block In Mew window
Explore

block choice

Cuk
Copy
Delete

OO0 ConkrallerZoode
Controller _Sfunckion
Subsystem Parameters. ., Controller_Sfunction_Fixedstep
CurrentDependentObstroctionDeteckion
simplesl_Ccode_controller

v simplesL_contraller

impled  Mask Parameters. ..

Block Properties. ..
Maodel Advisar, .
Corpeert to Model Block

Requirernents k
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1332 Software-in-the-Loop (SIL)

o Potential Gotcha #1

* When trying to run MIL with a fixed step solver,
you get this error:

1 PW_demoCS

View  Fonk Size

. _ Message Source Reported... Summary
The prOb Iem 1S that Orlglnal * MElock error  [MainContro.. [Simulink lllegal rate transition found. Sample time -1 -1] of 'PW_dem i3
@ Blockerror  detect_obs... Simulink lNegal rate transition found. Sample time 1 -1] of 'PW_dem b
mOdEI doeS nOt run properly @ Blockerror  overruled Simulink llegal rate transition found. Sample time [0 0] of PW_demao.
with fixed Step solvers @ Blockerror  overrule3  Simulink  Illegal rate transition found. Sample time [0 0] of PW_demo.
. @ Blockerror  overruled Simulink llegal rate transition found. Sample time [0 0] of PW_demao.
because of the trlggered @ Elockerror  overrule3  Simulink  lllegal rate transition found. Sample tirme [0 0] of PW_demo.
. @ Interface Er... MainContro... Stateflow legal rate transition found. Sample time [0.001 0] of 'PW_d.
subsystems. You must insert |z | 3

“Rate Transition” blocks to let [@

. lllegal rate transition faund. Sample titme [-1 -1] of
the Subsystems communicate [ew democsmw contrallersimpleSL contrallenPyy MainControlledMainCantralierlogic/MainControlCha

. . st ' at input part 3 is different fram sample time [0 0] of its source
N flxed Step- FIXIng the tWO P demoCSIPW cantroller’sitmpleSL cantralletPW MainCaontrallesMainCantrallerl odic/Data Type

triggered SUbsyStemS in the |Cnn‘-xersinn2'atnutputpnm.ARate Transition must be inserted hetweaen them.
simpleSL_controller will allow
the model to run in fixed-step.

[ Cpen ” Help H Close ]I
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=] Simulink Library Browser

Software-in-the-Loop (SIL)

E! Link: PW_demoCS,_Modified/.../PW_MainController/MainControllerLogic

File Edit

Yiew Help

Ol = - @ ||rate ranstion
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+- W Wirtual Reality Toolbox
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Rate Transition: Handle tranzfer of data between ports operating at different rates.,
Configuration options allow you to trade off transfer delay and code efficiency for safety
and determinism of data transfer. The default configuration assures safe and
determiniztic data transfer. The block's behavior depends on option settings anddor the
zample times of itz input and output ports. Updating the block diagram causzes text on the

Conert

Data Type Conversion

Data Twpe Conversion
Cone It .
BTy Inherited

Same
LT
FefT
RefZ
Frop

Data Twpe Duplicate

Data Type Propagation

Data Type
Propagation
Examples

Data Type Propagation

Examples

Scaling
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m [m

Ts

[2]

Data Type Scaling Stip

IC

Signal Conversion

Signal Specification

wWheighted 5 ample Time

Waidth
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|| £

File Edit Wiew Simulakion Tools  Help
Ol 2 -3dE & P » |1D |N|:urrna| j a2 |
Model Browser @% x
P _demoCS_Modified @
m Console TriggerSampling
] Pwd_cortroller
= 3 simpleSL_contraller v
|- B Pwd_MainController It
m M ainContrallerLogic -
- —H— dst
+ y detect_obstacle_endstop e I I S
+- B walidate_driver mweUp
+- 2+ walidate_passenger | mevellp
. & —I—l— b |
2 PwplantDynamics *I]]]]] m shetacte
o acle
2 signal_capture
]
ol | arver
driver [m [
mweDown
| moweDown
] anwve —H— passengar
passenger [l [ 1
(_ fainCaontralChart
Ready oded

2
100%%

|

Triggered subsystem #1 is in the
controller's MainControllerLogic
subsystem. Source library is in
Lib_MainControllerCS.

37

COPYRIGHT EMMESKAY




°* P99

:9%,. Software-in-the-Loop (SIL)

L] Link: PY_demoCS_Modified/PW_controller/simpleSL_controller

File Edit Wiew Simulation Tools  Help
u 1 s L
D EEdE ) poufio Nemd L] HERBE BREBE®
Model Browser W, x +
= Wl P'w_demaoCS_Modified bstacle 1 3
+- B Console . position
= B Pw_contraller Tandstont detonl] position
- = endstoplp endstop Lp
ragguenl simpleSL_controlle (23 P nevtral Lot
i driver_neutral [endstop D own endstop Digun 2P
+- B PwplantDynamics (3 ——
2 signal_capture driver_up detect_obstacle_sndstop
@—p down neutral_up_down
driver_dawn
| [endstoplp] | endstop Up
driver_EU C 1]
- [& ndstop D own endstop Down ’.
mawe_up
dri EL
e walidate_driver
[ 8 } e neutral
passenger_neutral
"
passenger_up mawe_don
7} e down neutral_up_down
passenger_down
e ) endstopllp FW_MainContraller
nassenger_EU ttgin ControllerLogic
[endstopDown endstop Down
ED
passengel walidate_passenger
Ready 100%: oded

Triggered subsystem #2 is in the controller’s top level.
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°* 990

o Potential Gotcha #2:

* When running “Generate S-function”, you get
the following error: [AEEE EX

View  Fonk Size

Message Source Repaorted. ., aunmaty
@ Build Error  HIL_Tutorial Simulink Model does not compile wi
C WEuild Error  [HIL_Tutorial [Simulink  [Error evaluating parameter
@ Blockerror  PW_control.. Simulink Error generating S-functio

The problem is that the
variables used in the “from
Workspace” blocks were not

declared first. Run the script | © HIL_Tutorial
(see MIL) to define values for o, e S, o, Gt
these Va“ables and try agaln IMmdefined function or wvariable 'tDD'.

[ Cpen H Help ” Close ]I
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* Introduction

* Power Window Model
* MIL

°* SIL

o HIL

°* Review
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Build real-time system on simulator for

Hardware-in-the-Loop (HIL)

*% Configuration Parameters: PW_demoCS_HIL/Configuration (Active)

Select: |

Solver
Drata Imnport/E wpaort
Optimization
= Diagnostics:
Sample Time
Drata W alidity
Type Convversian
Connectivity
Cormpatibility
todel Referencing
Hardware [mplementation
kM odel Referencing
=~ Real-Time *orkzhop
Comments
Symbolz
Cuztorn Code
Debug
Interface

Target zelection

Syztem target file: |grt.t||:

Language: |E

D escription: Generic Real-Time T arget

Dacumentation

[] Generate HTML report

Launch report automatically

Build process

TLC options: |

td akefile configuration

Generate makefile

Make command: |make_rtw

Template mak efile; |grt_u:|efau|t_tmf

[] Generate code anly

(==

Help

|

Apply

gll®
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-90. " Hardware-in- the Loop (HIL)

*» Use Real-Time Workshop to build a version
of the model that will run on real-time
simulator.

* Use software tools to control the inputs to
the real-time simulation.

* Automate testing, If desired.

* Contact us to know more about your
hardware and software options.
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-e9-  Hardware- |n -the-Loop (HIL)

» How will your software control the model
INnputs?
e Some software can only change the value of
constant blocks
e Some software can only change the value of
workspace signals
* We want to build a model that will work with
elther setup

o Start from MIL model again to extract the
source model blocks, not the S-function
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L deimn pnsole P demao onsolesd L]
File Edit Miew Simulaktion Format Tools  Help File Edit View Sj i Format  Tools Help
B Lo 2 1 2 -
O ==ES aip » ||nf |Nc-rma| j & | = ip » ||nf |Normal
() w1
Gument il 0L DrelpCmd] 7
In1
current current up control neutral
boolean E;ﬂ z
up
HIL Swite map
" donn control 3
position
» dawun
>
(2 U ELE ) [ from workspace
position il
In2
on
DRIVER Controls
neutral ! up signal
dHeutral
up
dlip .
down Or L down signal
dDawn
driver_switch onstant blocks
pHeutral o
— : AND Ready 10 oded
"
UpCommand ahz
" pUp P obstacle
- i
tolk tolken
pLown
down
Obstaclelogic

Use a switch to control
L. whether model inputs
T _ come from constant
T o e | blocks or workspace.

Switch

passenger

[t0i Obstintro] 2

obstacle anitch

r

HIL Switch

.

u]

obstacle signal

¥

100% oded
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:93,. Hardware-in-the-Loop (HIL)

1. Build the model for Real-Time
a. Turn off “Block reduction” option

*4 Configuration Parameters: PW_demoCS/Configuration (Active)

This option will
restructure the model
for simulation speed,
but that prevents us
from controlling
specific blocks
directly from a real-
time simulator (HIL).
It must be turned off
to build a HIL model.

Simulation and code generation

Maodel Referencing
Hardware Implementation
b odel R eferencing

[=I- Real-Time workshop

Comments

Symbols

Cuztorn Code

[Debug

Interface

[] Implement logic signals as boolean data (vs. double). Signal storage reusze

Caonditional input branch execution

Configure ...

Select: |
Solver Block reduction
Data Irnport /B wpaork
Optirmization
[=)- Diagnostics [] Inline pararmeters
Sample Time R .
D ata Validity Application lifezpan [I:Ia_l,ls]llnf
Type Converzion 5
. Caode generation
Connectivity
Campatibility Signals

Enable local block outputs

[] lgnore integer dowincasts in folded expressions Inling invariant zighalz

Eliminate superfluaus temparary varnables [Espression folding)

Reuse block outputs

Laop unralling threshald: |5

Integer and fixed-point

[] Remave code from floating-point to integer conversians that wraps out-of-range values

Stateflow

[] Use bitsets far staring state configuration [] Minimize aray reads using temparary wariables

[] Use bitsets for storing boolean data

| ” Cancel ” Help ] Apply
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:33°" Hardware-in-the-Loop (HIL)

1.

a.
b. Specify the target system

*% Configuration Parameters: PW_demoCS_HIL/Configuration (Active)

c. Click Build [

Target selection

Sabver S ystem target file: grt He |

D ata Import/E xport 4
D phirmization Language: | C
=) Diagnaostics Diescription: Generic Real Time Ta[gEt/
Sample Ti
Use the Browse button o Documentaton
. FoTETTIEn | | ] Generate HTML report
JH Enerate repaor
to find your target Conecivy jremenhe
i El:lmpat|b|||t_l|J SUMCH report auiormatcaly
platform for the build. ModelReferensing | 5

Hardware [mplementation

TLC Dptions:| |
s
{ : Real-Time Workshop > b akefile configuration

Generate makefile

Sumbols
Custam Code take command: |make_ltw |
Debug Template mak efile: |grl_defaull_tmf |
Interface

[[] Gererate code anly ‘

Click Build to generate /

the HIL files.

I ak. l ’ LCancel l [ Help ] [ Apply
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Hardware-in-the-Loop (HIL)

2. Run model and hardware together in real-

time simulator

a. Could use any number of platforms, so we

won’t show this step

3. Analyze results

oo oo

Store signals from test

Read into MATLAB
Compare to expected results
Report as “Pass” / “Fail”
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-e9-  Hardware-in-the-Loop (HIL)

) MATLAB 7.5.0 (R2007h)
File Edit Debug Desktop Window Help

hﬂ E & B @I ) h ﬁ g (7] |C:'I,L|SErs'l,msasen. v|

Shortcuts [#] How to Add  [#] What's Mew

After loading .mat file into workspace...

Insert Tools Deskiop  Window Help

h ®QAMe € 0B 8O0

Command Window
o Mew bo MATLAE? Watch this Video, see Demos, or read Getking Starked, »

»> whoz

Name Eytezs (Class
testldata 324136 struct
»r testldata

testldata =

X: [1x1 struct]

¥: [1lx1l struct]
Description: [1xl struct]
ETProgram: [1xl struct]
Capture: [1lxl struct]

»» plot(testldata.X.Data,testldata.Y.Data)

_DDE | 1 | | | | | | 1
a
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* Introduction

* Power Window Model
* MIL

°* SIL

o HIL

* Review
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:33°" Review

o Started with a simple Power Window model

* Modified it for automated testing
® from workspace blocks
® testing script
* Modified it for real-time application
e fixed-step solver
® rate transition blocks

¢ created multiple input conditions to run on
different control software
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-9 Review

» MIL: ran the model in automated testing to
validate the control algorithm

o SIL: built S-functions of controller to
validate the C-code implementation

 HIL: built MIL for real-time simulator to
validate the hardware performance
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Thank you
and
good luck!!




