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Key takeaways

- Verify and validate requirements earlier X £ 91 A\

= |dentify inconsistencies in requirements by using unambiguous
assessments & INER B —E

- Traceability from requirements to design and test STEERYIE M < &

“By enabling us to analyze requirements quickly, reuse designs from previous products,
and eliminate manual coding errors, Model-Based Design has reduced development
times and enabled us to shorten schedules to meet the needs of our customers.”

- MyoungSuk Ko, LS Automotive
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Cost of finding errors increases over time ¥4~ /3
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Is the implementation
functioning correctly?
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Are all requirements
implemented?
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Is requirement
interpreted correctly?
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Model-Based Design enables:

= Early testing to increase o
confidence in your design-ZA5 it
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= Delivery of higher quality software
throughout the workflow 28 Z8 &
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Ad-Hoc Testing: Explore behavior and design alternativesifZ& & % 1§ 111 121N
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Validate behavior earlier with simulation B 818 iF
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[dooun_th, up_th]= ComputeThresholdGear, Throtie);

[Vishicle Spasd < dovn_th]

[VehicleSpead > dwuny
downshiting

BL__=

1 St TWAI T ick) afte T AITtick)
[VehicleSpeed <= down_th] [WehicleSpead »= up_th]
{geai_state DOWN} {g=ar_state.UP}

Simulink Models

Design
Model

Model used for
production code
generation

Code

Generation

T
7 tim,

sta
irn Snr—1n(ﬁ( gﬂﬂqdz%-,_““

e
Sutast\—(t "Q‘ 3‘

Generated code

4\ MathWorks

1"



4\ MathWorks:

Systematically verify requirements Z&%;ith I8 FFEK
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Integrate with requirements tools and author requirements 135k T B ISR
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Transmission Operating Modes
Reverse cannot be entered from drive
Engine only starts in Park
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Z£45): lix Heat Pump Controller Requirements

1 Requirements for the basic Heatpump Controller
‘Temperature difference is defined as the difference between the room and the set temperature.
The controller shall turn the fan on when the temperature difference has reached a certain
level, to circulate the air. The controller shall turn the heatpump on when the temperature
difference has reached another level, to heat or cool the space.

1.1 Idle when Temperature in Range
If the temperature difference is less than 1 degrees, the system shall be idle with all signals off.

1.2 Activate Fan "

1.3 Activate Heat Pum

The pump shall activate when the temperature difference is greater than or equal to 2 degrees
for more than 2 seconds and stay active for at least 2 seconds.

T.3.1 Cool Mode
|If the room temperature is greater than the set temperature, the system shall cool the space.
1.3.2 Heat Mode g
If the room temperature is less than the set temperature, the system shall heat the space.

1.4 Max Temperg peoqyirements in DOORS

The difference between treToom TETNTPETaur e arnu ure Set ternpeT ture should never exceed 6
degrees

MATLAB EXPO 2019
17
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control_out

> Troom_in

Z545): Heat Pump Controller £}
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° DLE

[mag_T(T_req,T_meas) >=1]

qunpicmd =0;
pump_dir = 0;

MATLAB Function
Mag = mag_T(T_req_in, T_meas_in)

MATLAB Function
Tdir = sign_T(T_req_in,T_meas_in)

[mag_T(T_req,T_meas) < 1]

e

(B} | .
RUNNING N
after(2,sec) FAtN—ONLY after(2,sec)
- entry: X
[mag_T(T_req,T_meas) < 2] [l {:md - L _777_w[mag_T(T_req,T_meas) <2]
puﬁ‘npﬁcmd =0; §
pump_dir = 0; -
o
A “\
/ N
after(2,sec)
1 [mag_T(T req,T_meas) >= 2]
|

COOLING

entry:

fan_cmd = 1; E

pump_cmd = 1; o pump_cmd = 1;

pump_dir = 1; 102 ~| pump_dir =-1;

[sign_T(T_req, T_meas) == -1]

~ A

— Controller
fan_cmd .
an_c
T_req -
= T
cmd
{ pump_
T_meas
Troom_in pump_dir oump,

N 4

controller_chart

MATLAB EXPO 2018
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” (chart) sltestt
File Edit View Display Chart Simulation Analysis Code Help

B-o-@es ¢80 8-

ontroller_chart - Simulink
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controller_chart »
o pump_cmd = 0; ~ g
- MENTS Eump_dlr Y g
4: Activate Heat Pump by
= The pump shall activate
f when the temperature
2 difference is greater than or 6: Heat
o equal to 2 degrees for more aﬂer(zTSGT’C) T =
h than 2 seconds and stay TM [mag_T(T_req.T_meas) >= 2] [ \
@ active for at least 2 Menrs & ]
2] \\ge‘
oo
® COOLING HEATING
- entry: entry:
= fan_cmd = 1; fan_cmd = 1;
pump_cmd = 1; pump_cmd = 1;
~ L;)ump_dir =1, 1 (52 pump dir =-1;
© \ [sign_T(T req, T _meas) == -1] u-v'
= P x
View: [Requirements -| [&[0/E] CIEIE] &3 B
Index Summary Implemented Verified ™
Ei11 Idle when Temperature in Range ( )( R )
W12 Activate Fan O ( ]
V13 Activate Heat Pump . ( )
§13.1 Cool Mode R iz
Ready 200%
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Browser

controker_chart

£ e

3 8 e
a fan_cmd = 0;
-+ | pump_cmd =0

pump_dir = 0;
(=]
g
"
a
® [mag_T(T_req,T_meas) >= 1.5]
s
€3]
4
®
=
= MATLAB Function
o Mag =mag_T(T_req_in, T_meas_in)
MATLAB Function
Tdir = sign_T(T_req_in,T_meas_in)

-

[

% e

Requirements - ssc_house_heating_ system_{

LI Ry EY

v 100 Hormal

Requirement
Annotations

[3:Activate Fan

The fan shall activate when the
temperature difference is greater
than or equal to 1 degrees,

[4- Aclivate Heat Pump

T \/
L] <

FAN_ONLY after(2.sec
after(2.s . entry: mag_T(T_req,T
[mag_T(T_req,T_meas) < 2] fanicmd =4

mp_cmd = 0;
pumNdir = 0;
L]

{The pump shall activate
when the temperature

ithan 2 seconds and stay
active for at |east 2

difference is greater than or

oqiajio? degrts formiore \ [mag_T(T_req,T_meas) >= 2]

Badges

after(2 sec)

VanT )

Implementation and
Verification Status

B:HeatMofe

[1L]
>
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ty Inspector
= Requirement: 4

Details

~ Properties

Type: Functional ~ ~
Index: 13

Custom ID: 4

Summary: Activate Heat Pump

Description  Rationale

The pump shall activate when the

temperature difference is greater than or
equal to 2 degrees for more than 2 seconds
and stay active for at least 2 seconds.

Property
Inspector

Keywords:

¥ Revision information:

» Custom Attributes
~ Links

= 4= Implemented by:

View: Requirements - = - & ) e [Seacch
\ “a after(2,sec) [mag_T(T_req.T_meas) >= 2]
Index Summary Implemented
“¥1.3 Activate Heat Pump = % vertfed by:
€131 Cool Mode O ——— -
¥13.2 Heat Mode (— \
[Ready _ =Rk rL 'Y

Show in document Unlock
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-C- ——P{ Tset
setTemp
T Heat
e control_out P HeatCoolCommand .
= _ Tatm Environment
) Daily Temp
] Troom_in Variation
Heater
Controller ‘ :
. Heating
room
~ | Results
4 Heating Results e o X
Room Eile Ioolsﬁywew Sm,mam" Help . ~
Q- 6OP® &-a-E- FA-
[l + M Temperature (C)
Set Temperature Outside Temperature Room Temperature
Amplitude 20,0016
setTemp
4
& 5 2-‘5 Z 2 pump_cmd fan_cmd pump_dir
Bias y Y
[ A
Daily Temp Variation:Bias L |
\
S o/
15 20 25 30 e
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tSet
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o Tset

Troom_in
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control_out

Controller
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Room 'y
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HeatCoolCommand V | Tatm = -
Dailv Temn
[P Test Harness: ssc_house_heating_system_1_Harness1 - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help
[CRAw-R1 - ] M=RE-EKYCH S [~ [1000 Normal @Rl Rd
ssc_house_heating_system_1_Harness1
®
«Q
= | TestH
- eSt fharness
=]
=
Tset
1 setTemp I
control_out] control_out » control_out]
2 ol - oo
3 > Troom_in
1 Room
Signal spec.
Signal spec. Controller and routing
and routing

3

Heating
Results

> & [T
Ready 177% FiedstepAuto
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P s house heating system T - Simubak

He Edt View Duplay Dagram Simulston Analysis Code Jools Help

H-o-@ € He-B-wqgep = A~ (w

0z_house_hestng_yystem_)

o e

BHEU

) setTemp i el [ / /
Heat -_,_, / /
Set control_out HeatCoolCommand Tatm / ,/
) Daily Temp ’/ / [Tatm]
| Troomin R Variation J .
Heater
Controller —
[ P Troom ‘
Room
Heater House Thermal Network

Iy
sormal RS R R

[Tatm] 7 \
/ /
/ [
{

House Heating System

1. Plot temperature of wall, window, and roof (see code)
2. Plot heat flow through wall, window, and roof (see code)

Environment

Room

4\ MathWorks:

L

J)

Heating
Results

3. Explore simulation results using sscexplore
4. Learn more about this example
—_— Dashboard
-
LA
»
Ready 208% FavedStepDiscrets
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Test Sequence Block: 43 2515 1Mz I 5
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B <
Symbols

Input

1.1/ control_out

Output

2.1 Troom_in
Local
Constant
Parameter

Data Store Memory

Step Hierarchy
Initialize
Cold_Outside
Hot_Outside

ssc_house_heating_system_1_Harness1/Test Sequence - Test Sequence Editor

o B E s BE 4@ P

i Hot_Outside

Step Transition
Initialize 1. true
%% Initialize data inputs.

Tset = 23;

Troom_in = 23;

Cold_Outside
%% Check heating mode
Troom_in = 23 - ramp(et*0.2);

1. Troom_in <= 15

1. Troom_in >= 27
%% Check cooling mode
Troom_in = 23 + ramp(et*0.2);

Return_ldle 1. Troom_in <= 22
%% Return to idle mode

Troom_in = Troom_in-ramp(et*0.2);

End
Troom_in = 22

M-~ é »
Next Step
Cold_Outside \4

Hot_Outside v

Return_Idle v

End v

MATLAB EXPO 2018
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Test Assessments: JFEKRKT AT ?

Activate Heat Pump

If the temperature difference
exceeds 2 degrees for more
than 2 seconds, then the
pump shall activate for at
least 2 seconds

MATLAB EXPO 2019

When <condition 1> is true,
Then <condition 2> must be true for some time

£
(lry =22l 2 x3)" A D[{),tl)(lxl — x| 2 x3) — Ojo,t,) X4

4\ MathWorks:

R2019a

Simple concept

Hard to formalize
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tatPumpTestCase

hon Test

wse_heating_system_1
wse_heating_system_1_Hamess1
| Setngs|

nes‘heatPumpE xample'\HeatPum.

umpTestFie » HeatPumpTestSult

omma or space separaled tags You

EASanPage X (5 HeatPumpTestCase X
Simutation Test
Select releases for simulation.  Current hd
Create Test Case from External File
» REQUIREMENTS
« SYSTEM UNDER TEST*

Model | ssc_house_heating_system_1
« TEST HARNESS"

Hamess  ssc_house_heating_system_1_Hamess1
» SIMULATION SETTINGS OVERRIDES

»INPUTS
» SIMULATION OUTPUTS
= LOGICAL AND TEMPORAL ASSESSMENTS"

N WA ASSESIMENT

# Actvate_Pump v Atany pont of tme, f abs( roomTemperature - setTemperature) >=

pumpCmd e for

R

4 Add Assessment = .Ddlh

» COVERAGE SETTINGS®

REQUIREMENTS.

Becomes true and stays.  Mone
true for af least 2 seconds then, starting from rsng edge of trgger, with a delay of at most 2 seconds,

R &RC

& VISUAL REPRESENTATION

e

At rising

After at most

ar-ime

| STMBOLS
@ roomTemperature
@ setTemperature
@ threshold
@ pumpCmd

& Adasymbal [ Detete

MATLAB EXPO 2019
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H {Tassessments KL IEFER

S 4 © Activate_Pump

ASSESSMENT

» At any point of time, if abs( Temp: - setTemp ) >= threshold becomes true and stays true for at least 2
seconds then, starting from rising edge of trigger, with a delay of at most 2 seconds, pumpCmd must stay true for at least 2
seconds

B | Error 1 0f 2 [~
Expected Behavior

=

At rising edge|

Actual Result
L]
e
false
0 120 130 "o 180 1o 120 130 "o 150

Alrising edge)

? 3
id After st most '

Afer st most

ma | qa’l@d ke
L4 EXPRESSION TREE PLOTS
w Activate_Pump: At any point in Fail
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SYMBOLS

-« » = roomTemperature
I] » = setTemperature
- £ threshold

« .

Explanation

Assessment 'Activate_Pump' failed when triggered at 11 s.
« Tngger condition ‘(abs((roomTemperature setTemperature)) >=
threshold) istrue at 11 s
» Expected response condition to be true within 11 sand 13 s
o i.e. with a delay of at most 2 s after 'rising edge’ of trigger.
» Expected 'pumpCmd’ to be true at 13 s for at least 2 s, actual value at 13
s s false

time, if (;bs({tomnTemperam - P
setTemperature)) >= threshold) -
becomes true and stays true forat  Untested

least 2 seconds then, starting from 0 5 10 15 20 ] 30 3B 40 '3 50

rising edge of trigger, with a delay of
at most 2 seconds, pumpCmd must
stay true for at least 2 seconds

w if (abs{(roomTemperature - True

»

setTemperature)) >= threshold) False
becomes true and stays true for at I
least 2 seconds then, starting from  Untested

rising edge of trigger, with a delay of 0 5 10 15 20 2% 30 35 40 45 50

at most 2 seconds, pumpCmd must
stav true for at least 2 seconds
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4\ MathWorks:

3, Stateliow (chant ssc_house_heatmg_system 1/ Cenlrollen/ controtier_chart - Simulink - a x
e gdit Vew Daplay Chat Simulation Anabuis Code Tools Help
®-=-8 4 HO-E-9qOP » - = ]
§ | controler_chat Froperty Imgecsr "
g . I ﬂ o Requirement: 4
E after(2,sec) Details
Q after(2,sec)
4] [mag_T(T_req,T_meas) < 2] [mag_T(T_req,T_meas) <2] T Propurtion
_| Type:  Functional
o pump_cmd = 0; Index: 13
o pump_dir=0 Custom 1D: 4
] ™ Summary: Activate Heat Pump
o 4: Activate Heat Pump L Descrption  Rationsle
‘The pump shall activate L The pump s!ﬁlflfaclivah.: when the
" 3 [CI\IIK!!‘O[IJI'C ifference 1s gn‘alcr
2 when the temperature SRR | an or cqual 102 degrocs for
il difference is greater than or Aona0) more than 2 seconds and stay
Sec active for at lcast 2 scconds.
= telguualztcw 2 degreesdff-’f ""0'9'1\ [mag_T(T_req,T_meas) >= 3] g
® an 2 seconds and stay P — o
= |active for at least 2 MENTS =
-
HEATING
entry:
¥ fan_cmd = 1;
pump_cmd = 1; pump_cmd = 1,
pump_dir = 1; 1 8_1)2 pump_dir =-1;
] L]
[sign_T(T_req, T_meas) == -1] oNs:
» Revision Informaticn:
- Show in document | Unlock
. L J » Custom Attributes
;‘ (El I!)I ¥+ Links
Requeemares - tiz_house_boating_system_1 ¥ » 7 % Implemented by: m
View: Requirements - % - & ) € Search g ] “a after(2.sec) (mag_T(T_req.T_
Index Summary Implemented Verified e = 4= Verified by:
1.2 Activate Fan [ 2222200000000 - ] = acivate_Pump @ .
“F13 Activate Heat Pump e fg& 3
2131 Conl Mada .|| iG]} > Commants
Ready 200%
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- ERRBRRESRTE

assessments

. ’E’I\assessments M

Temporal Assessment #5355

4\ MathWorks

v LOGICAL AN

B TEMPO

RAL ASSESSMENTS®

Speed Tolerance

ny poin erinpi dri putAmplit tep! t O SYMECLS
es true elay (signal - signalRef) e
fay tru U sec » i driverinput
AN 4 ' % » F driverinputampl
ﬁ. % EE%* E,J » ¥ stepRatio
Ttem
« B &temporal _
ment £5 B3 -
assessment Z5 SR H i s
—I:l 11 Expected Behavior Actual Result
&5 -Fa\se
700
5 104
lEI§I > ﬁ \E :‘ > ? 59
° 1S \k ;é _
%‘ iz = 7Js ol
aop UBBEEBOUN e
I
10.0 102 10.4 106 108 10.0 102 10.4 10.6 108 &
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Requirements - crs_controller

View: Requirements -

F & A ERTS

Bow EEE +REm Ee

|Search

Index ID Summary
v [& crs_req func_spec - -
~E 1 #1 Driver Switch Reguest Handling
=11 #2 Switch precedence
1.2 #3 Avoid repeating commands
»E 1.3 #4 Long Switch recognition

=1.4 #7 Cancel Switch Detection
E1.5 #8 Set Switch Detection
= 1.6 #9 Enable Switch Detection

MATLAB EXPO 2018
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Implementation Status

- Implemented
Justified

Missing

Verification Status

B Passed
B Failed

Unexecuted

|:| Missing
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Observers: 35z A

Sheet1 Actual_speed

Switches_enable

Switches_brake

y

Switches_set

—L Switches_inc

Switches_dec

Inputs Size-Type

InBus

throt

target

Controller

Design Model
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Throttle_Out

Safety Properties
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Observers: %M W F

FRRTE

Sheet1 Actual_speed

Switches_enable

Switches_brake

Switches_set

—L Switches_inc

Switches_dec

Inputs Size-Type

Design Model

InBus

throtf—————————— P : )

throt

target —@

Controller

—

=

Safety Properties

Observer Model

Throttle_Out
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Safety Properties

target
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b = ﬂ.‘ﬁm%-\
C/C++ i e By

A=

AR R

(SIL) (PIL)
— InRE—EUME, 1REZIRS — #E—HM (Numerical
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LS Automotive Reduces Development Time for Automotive
Component Software with Model-Based Design

Challenge

Shorten development times for embedded control
software used in automotive switches and components

Solution

Use Model-Based Design to model controller designs,
run simulations, verify customer specifications, and
generate error-free production code

Results
= Specification errors detected early 5 Hi & I 11 ELF
= Proven development approach established
» 80% Coding errors eliminated

“By enabling us to analyze requirements quickly, reuse designs
from previous products, and eliminate manual coding errors,
Model-Based Design has reduced development times and
enabled us to shorten schedules to meet the needs of our
customers.”

_ - MyoungSuk Ko, LS Automotive
Link to user story

MATLAB EXPO 2018
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= Verify and validate requirements earlier

FHNTA

= |dentify inconsistencies in requirements
by using unambiguous assessments A&

MF KRN —E M

= Traceability from requirements to design
and test 1Bi#fix &

MATLAB EXPO 2018

4\ MathWorks

>

Run 2

Expected Behavior
true
TRIGGER ‘
false

9.50 10.010.5 11.0 4.5

[PU— - S—
At trigger-min-time
frue fp—————-

RESPONSE

falze

e e
153120125130 135

—ds— &

+ Implemented by:

" after(2,sec) [mag_T(T_req,T_meas) >= 2]
+ Verified by:

=1 Activate_Pump @
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Learn More

J\MathW()rks Products  Solutions Academia Support Community Events

Verification, Validation, and Test : Q
§ Trial sofiware Contact sales
¥
L) :

Key products covered in this presentation:
« Simulink Requirements

« Simulink Test

= Simulink Real-Time Varthyand validaie:ambedded sysems

using Model-Based Design

Learn more at Verification, Validation and Test Solution Page:
mathworks.com/solutions/verification-validation.html
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