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Agenda

= “Why do verification & validation at all?”
=  Our Quadcopter Story

Implementing Requirements and Handling Changes

= Verifying Requirements Through Regression Testing

= “When am | finally done testing!?”

Using Static Analysis to Complement Dynamic Testing
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Why Do Verification & Validation? - Failure is Not an Option!

= Increasing product complexity
— Manual testing takes too long and may be incomplete

AUTES GM  Seethe Fortune 500 list M

- Finding defects late GM to Recall 4.3 Million Vehicles

— Increased costs for rework or significant costs of recalls %JrfSOﬁware-Related Airbag
elect

by Reuters  SEPTEMBER 0, 2018, 12:37 PM EDT

POPULAI
SCIENCE

SbFTWARE NOW TO BLAME FOR 15 PERCENT OF

= Meeting Industry or Customer’s Standards SOFTWARE NC
— DO_1 78 (Aero), |SO 26262 (Auto)’ |EC 62304 :i‘:ICAINITJLﬁ::ﬁLDTHEHUME_AND_L!_DCKBUTTDNSTDSOLVETHISGNE
(Medical), MAAB, MISRA, etc.

— Time and cost for safety critical projects estimated 20-
30 times more costly*

‘\MEHWVOI](S‘ *Source: Certification Requirements for Safety-Critical Software, http://www.rtcmagazine.com/articles/view/100010 3




Where MathWorks V&V Products Fit into a Design Workflow

— ~ Validation —
///; Object codgle@aﬂo_n HHH\
_ /""_____ T
/ ( Model verification " Source code verification \ \
*{ V’/ ﬂ\\'-. \ \
Reql::rs:nrwnts Re;ﬂiﬁ,‘n;ms > Model > Source Code ObjectCode
/ /
Checks, Checks,
Compliance, Compliance,
Coverage Coverage
\ Traceability
Simulink Requirements, : ' : : : e
Simulink Test Simulink Design Verifier
Coverage and Check g
* Requirement Traceability * Test Harnesses » Test Generation
» Model and Code Coverage » Test Sequences » Design Error Detection
 Standards Checking and » Test Manager * Requirements Proving
Metrics « Model Slicer
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Where Customers Measure the Biggest ROl with V&V Tools

$1,500,000 -
$1,000,000 -
$500,000 -

$0 -

Total Savings $3,720,000

Total
Investments

$592,000

ROI 528%

Requirements

Design Coding Analysis Testing

Aerospace Customer Data Shared with MathWorks

<\ MathWorks



Customer User Stories — Not Just Big Aerospace!

Bell Helicopter
Traceability enabled

the team to perform
an impact analysis to
identify areas of the
Simulink model that
would be affected if
requirements were
updated later in the
project

Chery Automobile

Established
bidirectional links
between
requirements and the
model elements for
Engine Management
System software in
Simulink that
implemented the
requirements

ESA and Airbus

Linked elements of
the model to system
requirements.
Automated
documentation that
incorporated the
comments, the linked
requirements, and
the simulation results

for each requirement.

Baker Hughes

Checked compliance
of Oil and Gas
Drilling Equipment
with MathWorks
Automotive Advisory
Board (MAAB)
modeling standards
and measure model
coverage of their test
cases

ITK Engineering

Produced model
coverage reports for
MATLAB unit testing
scripts for IEC 62304
Compliant Dental Drill
Motor




Initial Quadcopter Design Problem

= Control a quadcopter to track a ball up and down

)\ MatliWorks



Quadcopter Design Model

Stateflow
Supervisory Logic

D
A J =
s .
> Lt _— Kalman Filtering and PID
Airframe Control
MATLAB /
Image Processing and

Object Detection
4\ Mathiworks




Simulation Results
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Modified Quadcopter Design Problem

. all around
= Requirement Change: Control a quadcopter to track a ball se—snccewa-

)\ MatliWorks
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Simulink Requirements R2017b
Work with Requirements without Leaving Simulink!

= Author Requirements and Models Together
= View and Link Requirements within the Model
« Track Status and Quickly Manage Requirement Changes

« Trace Requirements to Models and Test Cases = Generated Code

@ Simulink
Model used for
: Executable .
X Requirements
d » Specification mil » product|on_ code
J generation
i

1"



Author or Import Requirements

HS- O = aircraft_specdocx - Word Yasumitsulto B @ — O

File  Home | Insert | Design | Layout | Referen:| Mailing:| Review | View | Develop| Q Tellme & 3

B Aerial Vehicle (UAV] to
R 12 Physical Dimensions
| 121 Rotorspacing
E Distance betwean rotor centers shallbe £42 mm
- ﬁm
B 122 Rotor Diameter L
7 The rotors shall b2 7Smm in length. -'docx
- 13 Har
-
- 131 Fr
: The UAV frame shll be a bare two-layer PCB. This will reduce the expense and weight compared to a plastic
] enciosure.
~ 132 Batery
B Fower willbe bys sy - battery should
| sustain figh for 3 minutes
- 133 ceu
The anboers fight control micrspracessor shall be the STM3ZFE03TaUS ARME 32-bit Cortex™3 CPU Core
Pagelof6 &2 words [[F English (United States) B B - 1 + T0%
= - -
¥ 5] 1.5 Hight Control Requirements
' 1.5.1 Mode Logic Hight Mode

¥ Properties

Index: 1.1.2.1
Custom ID: Sys_RotSpc
Summary: Rotor Spacing

Description Rationale

1.2.1 Rotor Spacing
Distance between rotor centers shall be 142 mm

Keywords:

¥ Revision information:
SID: 5
Revision: 1
Refreshed on: 15-May-2017 12:22:48

b Links

Show original

I\ MathWorks

Author Requirements
« Supports Rich Text

 Images
 Tables
 Bullets

OR

Import External Docs
 Word

+ Excel

- DOORS
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Requirements Perspective: Combining Design and Requirements

#y crs_controller - Simulink - X
File Edit View Display Diagram Simulation Analysis Code Tools Help
H-m-8 @ Fl - A =RE= IO CHN 75 R FOR R 7@ |-
os_controller ¥ CruiseControlMode Property Inspector x
- ® crs_oomm\lar » ¥| | Requirement: #1
Requirement Text 1l
H H Q {#1: Driver Switch Request Handling B §
on S imu I in k Canvaé' Handle switch operations by the driver to fndes: ! "
ﬁ' dmrmm the command for the cruise Custom ID: 1 |
= control system to operate upon. Summary: | Driver Switch Request Handi
. — z) oS bt Property Inspector to
.—i enbl Description Rationale - -
| 2- foevw Jn 7 UM EE = =0 Modify Requirement
.—i cncl 7 - .
O cnel .@\@l\‘“ Handle switch operations by the driver to determine the /an d Vl ew Ll n ks
sat L command for the cruise control system to operate upon. /
set reqDrvf—4 »(1)
(F)— M eaume o -
resume .
@ Hinc o Enter peripietive
inc
o — g .J .
dec DriverSwReques! e Enter and Exlt
» status, ;
7Y hrake® wlm'—'_mm_r\‘ .
Requirements . | Requirements
. ; - e Perspective
Browser with —__ |ve s - [ /@ [ afBm ke = g — P
Implementation | - 1|
p . . v b crs_req_func_spet Hinks
a n d Verlfl catlo n H 1 '¢1 Driver Switch Request Handling S Implemented by:
Status v@2 #5 Guse Convol e S ‘\\N avigate to associated
5 21 #20 Disable Cruise Control system Bl & Verified by: - .
< =] 2.2 #24 Operation mode determination =5 DriverSwRequest_Tests ° " I I n ks (des I g n and teSt
[Ready View diagnostics 10 FixedStepDiscrete cases)

<\ MathiWorks 13



Track Requirements’ Implementation and Verification Status

5 Requirements Fditor
File Edit Display Analysis Report Help
B (0@ = W4 5
View: Requirements -

Index Summary
~ 4 HLR_Modelo...
®1 Modes of Operation
vE2 Establish Communications
= 2.1 Crashed or landed time
v@3 Initialization
3.1 Turn off motors
® 4 Calibrate the Sensors
I 5 Ready for Flight
=6 Track Altitude
~®7 Lost Ball

~[39
®9.1 Landing condition
110 Crash

Implemented by

=T Tall

e |rl';i:I-‘|.EI;EHI:E-d by:

 J calibration
<\ MathiWorks

ccepted modes for entering [N I
o to Land mode »f.. N I

|Search

Implemented Verified

~ Properties
Index: 4

Custom ID: |#7

Summary: :Calitlrate the Sensors

Description  Rationale

ais “Ju <lp r Ul EE AN - e

The Calibrate Sensors mode shall be entered only from the
Initialization mode or the Ready for Flight mode when

commanded by the ground station. In this
quadcopter shall calibrate the attitude
SEensors.

Keywords:
* Revision information:

* Links

= 4= Implemented by:
O Calibrat

= 4= Verified by:
7 testCalibra o
I testCalibrationLightoff @

Verified by

4= Verified by:
~ ==

estCalibrationLightOn

o e oo 8 - sestCalibrationlightOff

REETCREl Results and Antacts

/

EctlonTest

| Noise reduction unit tasts
ise reduction test 1 L]
reduction test 2 L]
kel detection tests 2@

'n pixcel identification &

Thussss el bins1 1

Tést resulté ’
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Respond to Changes = Control a quadcopter to track a ball
ldentifying Modified Requirements Quickly Trramrtriown all around.

Index Summary Implemented
| *a| aircraft_spec _
W |_J1 1 References to aircraft_spec.docx _
|j 1.1 System Description _
|j 1.2 General Characteristics _
|j 1.3 Performance Requirements _
|j 1.4 Systems Reguirements _
b |j 1.5 Hight Control Requirements _
v @ 151 Mode Logic Flight Mode ]
|j 1.5.1.1 Wait for Communications _

& 1512 mitislizatc [3] 15.1.3 Calibration
& 1513 Calibration ]
F 1514 Readyfor T~y s TN

& 1515 TrackAlin (2] 1516  Track 3D

A

(& 15.16 Track3D
& 1517 Land
1# 1518 Crash

-\ MathWorks 15



*i SensorFusion - Simulink prerelease use
File Edit View Display Diagram Simulation

SensorFusion

Analysis Code Tool

® |[Pa]SensorFusion ¥

CO®E§ES

=== I
IMUD&atE

p{OCM FSD_BODY

Ao SENS

|AngRats_SENS

CalbrationDone

=

CalirationDone

IMU_Calibrated fr—rremrerere

Scaling_Calibratson

RPData

S
AlrframeCalc

SensorF#tering_AngCF_TranskF
¥ CalibreticnDone
DCM_FSD_BODY
IMU_Calibratad
RPData
SensorData
AlrframeCalc
[ .
Sensor-usonCalo

DCM_FSD_BODY




File Edit View Display Chart Simulation Analysis Code Tools Help

Maodelogic
® EiModELagic_new » EMDdeLogic
&l e - _ ahs(State Alftude) = singla{0_1 (Tard
Y antry: &ntry:
Logic_Mode = wintB(1); ! Trash 2 i_%gil::.l.k:vcltzl = uintB{a);
1= aniry: =
E Logic. Mode = wint8{3); . 1
[WIF = count »= Lintt 6(280)]
D ki 26 rad —= 80 deg
Imit R LostBall
:0: antry: 78] | antry:
Logic.Mode = wintB{2}; g Logic Mode = uint®(7);
\-ﬁ l-.d =—al 5] -".I
] (GCSCmds CalibrateCmd] . ’ !
' Ball] {' c =
(Calibration ()
eniry: T [State.Alit nale(0.1)]
" Logic.Mode = wintB{2); u i
Logic. CalibrateSensors = true; rack3D
during: antry:
Iio-;i-:.Calibu'ataSensurs = false; Logic.Mode = wintB(&);
. f
¢ " wint8i1) |
GCSL brateC md [
m . State Alitude == single{d.1) p
il | 15Ball] -
@ ReadyForTO . TrackAlt
antry: l——————=enlne * —
Lopic.Mode = uintB(4); Logic Mode = wintB{5); —
= — 2 e
Requirements - ModeLogic_new
View: |Requirements ~ e =
Ary
b d M aircraft_spec 2
b m 1 References to aircraft_spec.docx
> |ﬂ 1.1 System Description
> |j 1.2 General Characteristics
> |ﬂ 13 Performance Requirements
> |ﬂ 1.4 Systems Requirements

A LVIK LIV VULRY

Property Inspector
Modeloagic

Properties Info
Update method | Inherited

Sample Time 0.01

|:| Create cutput for monitoring

» Advanced

2 B4
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Respond to Changes
Qualifying with Regression Tests

5 Requirements Editor
File Edit Display
& 3

Index
v [ aircraft_spec
+@1
A1.1
1.2
#1.3
@14
+#1.5
v#1.5.1
#1511
#1.5.1.°
#1.5.1.
#1.5.1.
#1.5.1..
#A1.5.1.6
#1517
#1518

View: Requirements ~

Analysis Report Help
&

Summary

References to aircraft_spec.docx _—

System Description

General Characteristics
Performance Requirements
Systems Requirements
Flight Control Requirements
Mode Logic Flight Mode
Wait for Communications

Trmitializatinn

& 1.5.1.5 Track Altitude

e ruuoaae

Track 3D
Land |
Crash [ [

41 1.5.1.6 Track 3D

Search

Implemented Verified

¥ Properties

Index: L7
Custom ID: FCS_Init
Summary: Initialization
Description  Rationale
5.2.2 Initialization

The air vehicle shall remain in an initialization state until
commanded to commence sensor calibration.

Show original

¥ Links

= testinit @

)\ MatliWorks

Test Failed

o—Not Verified

18



New Requirements > New Test Cases

(% Requirements Editor

File Edit Display Analysis Report Help
=

View: Requirements -

[Track 3D x|

Index Summary
v [4 aircraft_spec

~3A1 References to aircraft_spec.docx _—

~31.5 Flight Control Requirements
v 2 Made lagic Flight Mode

#1.5.16 Track 3D

Implemented Verified

<\ MathWorks

4\ Simulink Test

ol s b
Mew Open Save _ Delete  Run
AR

- -
FILE EDIT

QT Results and Artifacts [ 307w

+ [=] quadCopterPositionTests
v [5] AltitudeTracking
» [5] Telemetry
» (0] Vehicle
» [5] 3DTracking

Name [T 3DTracking =

Location SIMAB2017Qu...
Hierarchy quadCopterPos... ™

M=

Parallel | Report Visualize Highight

%

Preferences
- in Wodel

RESULTS

ENVIRONMENT

-
RESOURCES | &

3DTracking

guadCopterPositionTests » 3DTracking

Test Suite

Select releases for simulation:
» TAGS

» DESCRIPTION

» REQUIREMENTS

» CALLBACKS

» COVERAGE SETTINGS*

R2017bPrerelease -

+'| Enabled

19
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Testing in Simulink Test

Test Case

Inputs Test Model Assessments

4 - . 4"

MAT file (input) | _[ — T | MAT file (baseline)

Group1 SyStem-level teSt harness + function customCriteria

Signal 1 > r Perform custom criteria

1 test.verifyThat(test.sl

Signal Builder D — MATLAB Unit Test
=t & +3—

; Cu ’ IIIII , |I1|J;1
3 Unit-level test harness -

Test Sequence

Test Assessment
and more! and more!
a a
. R201/ L 201/
B: E N
Excel file (input) Excel file (baseline)
\

-




Running Tests with Simulink Test

4\ Simulink Test — O b 4
TESTS
: & Cut =¥ ' ™~ = } o
of 3 g 3 > O % =] L O &
55 Copy
MNew Open Save ' b Delele Run Stop Debug  Parallel Report Visualze Highlight v Export Preferences Help
- - - Lﬂa Faste - - - in Model bl
FILE EDIT | RUNM | RESULTS ENVIRONMENT RESOURCES‘ ry
Resulis and Arfifacts ExcelTestCase x [f} StartPage x

| Fiter res T | ~SumMMARY

. Mame Excel Test C
+ Results: 2017-May-17 11:J: 3 @ S
— . Outcome 3@
~ [21 3DTracking -
Start Time 05/17/2017 11:20:50
v (=) Excel Test Case End Time 05/17/2017 11:22:52
g Iteranorn T},'pe | Requirements Editar - - - - m] X

3 lteration2 Test File Location

v [1] Iteration3

File Edit Display Analysis Report Help
Test Case Definitio|[g] (5] i

Rerun Test Case | View: Requirements - Track 3D x

Tags Index Summary Implemented Verified

-~ TEST REQUIREMEN|" ™ aircraft_spec _ I
vE1 References to aircraft_spec.docx || GNG
v@1.5 Flight Control Requirements _

* ITERATION SETTING  v@ 151 Mode Logic Flight Mode ]

Mame [£] Excel TestClR
Status ie

Start Time 05M7/2017 11:2 Track 3D [ ]
End Time 05M7/2017 11:2...
Tvpe Baseline Test -

* 1 NGS

)\ MatliWorks



Regression Testing Process

<\ Mathiworks

Update Design

Sandbox Testing >

3

[m..n.‘........

f|| Run  Parallel
S

AASAE LA
A | it

J

Version Control and
Continuous Integration

:_: ©git PERFORCE € Jenkins

22



Testing in a Sandbox

)\ MathWorks

Sandbox testing

-

Fix the design

Y Failure due to
’ design bug?

\
Identify test impact Execute tests
— > i
| _/
|
Analyze failures
Update the test
DR
Debug : V

23



d
>

4 Simulink Project - quadcopter_reference —

SIMULINK PROJECT PROJECT SHORTCUTS

D H &8 &I g

o IEIEI Imdhy'Quadcoptel.slle - . | X ?

Files
File Type % ¥ Dependency Type Files in view: 5
S_C"Pt_ M Products (9)

i Simulink Model (1) MATLAE 9.3

- Requirements data file (1) Simulink 9.0

- Simulinkr"\l's! File {2) Aerospace Blockset 3.20
Embedded Coder 7.0
Simulink 3D Animation 7.8
Show All

[\ Problems (2)
Requires Simulink Requirements ...

’ b l_ =
| start_quadcupier.m ¥ : H T =
Labels v I @ guadCopterPositionTests.ml...

m Classification

I |4 quadCopterUnitTests.mldatx

<\ MathWorks 24



Testing in a Sandbox

)\ MathWorks

Sandbox Testing

Identify test impact

Fix the design

Execute tests

- > 1
I
. ‘ S
Analyze failures
,F'-:E A pAAAA ’V:'V\M"w A

Y Failure due to
' design bug?

Update the test

'y

25



il = K ~ fmwn @

Expext Preferences Help
-

New Test File || Open Test File

Get Started With the Test Manager

How to Create and Run a Test Case

View Test Results

Export Test Results and Generate Reports

Mew  Open ] Deise Aun  Stop  Debug Parallel | Faperd
- - (3 Pasie - b b
FILE : EOIT RUN . RESULTS |ENVIRONMENT | RESCURCES
Results and Arfifacts i\ startPage
= T
Getting Started
«» Results: 2017-May-12 14:55:05 g 10
- =] quadCopterPositionTests 5@ 10 [:\e
« [ AltitudeTracking 5@ 10 i LE
v |=| scenariol [x] quadCopterUnitTests
» |=| scenario2 [}
= uadCopterPositionTests
» || scenariod [}
» |=| scenariod (] f1
v |=| scenariob (]
; tempGenReport
¢ |=| scenariob (-]
v [ Telemetry 50 sltestProjectorFanSpeedTestSuite
¥ =] Vehicle 5@ -

I\ MathWorks

tshtestProjectorFanSoeed Example

ishtestProjectorFanSpeed Example

tsltestProjectorFanSpeed Example

26
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Requirements are Fully Implemented and Verified

Index Summary Implemented Verified

v & aircraft_spec I S
v 31 References to aircraft_spec.docx _—

& 11 System Description _—
& 1.2 General Characteristics _—
& 1.3 Performance Requirements _— ‘@
& 1.4 Systems Requirements _— BUt’ hOW do I knOW
v [ 15 Flight Control Requirements - when we’ve done
v @ 1.5.1 Mode Logic Flight Mode B : i
& 1.5.1.1 Wait for Communications _— enouqh teStIng’?
@A 1.5.1.2 Initialization B
@A 1.5.1.3 Calibration B
& 1.5.1.4 Ready for Takeoff a _—
@ 1.5.1.5 Track Altitude B
& 1516 Track 3D B
& 1517 Land I S
A 1518 Crash B

27



Model Coverage in Dynamic Testing

Simulink Coverage Analysis

Stateflow Logic

Results: 2017-May-10 15:08:09  x
» SUMMARY

[~ AGGREGATED COVERAGE RESULTS

ANALYZED MODEL

fra] comms

[fa] Control FID

fra] ECs
|@ Model ogic_new
] Motors

] pizero

fod DlarthanAal

CONDITION

83%
94%

46%,

70%

FROL

Address Missing Coverage
using Static Analysis

o Add Tes

pregress [
Dbjectives  S4/55
processed
Satisfied! 5
Unsatisfiable 0
Flanced Hme rS3

19-Apr-2017 13:36:48

(Checking compatibility for test gensration: model “Modelogie_new’

Checking compatibility...done
19-Apr-2017 13:37:00
"Modelogi

ic_new’ 15 compatible for test generation with Simulink

Design Vierifier,

Generating tests using compatibilty results from: 15-Ape-2017

13:37:00...

Simulink Design Verifier

5l Sarvdinik Diesigrn Werifier Results Summary: Modelogic

_rw

<\ MathWorks

28



Addressing Missing Coverage Workflow

C D /

Design — Tests
Add Tests for

Missing

Coverage

Measure J
Coverage Missing
Coverage?

r
3
L

Detect
Dead Logic

Missing
Coverage?

<\ MathWorks

Simulink Design Verifier:
o Dead Logic Detection
9 Test Generation

29



Generate Tests for Missing Coverage

# Simulink Test - O X
cro v |1 @D @R =l L O @
Nsw Clgen Savve E:::; Delveie ‘ Rin Stop Debug  Parallel ‘ Report \.l'isuvﬂze :ithL%E lﬂ Export Preferences Hsh
FILE EDIT RUN RESULTS ENVIRONMENT | RESOURCES ry
Results and Ariifacts Results: 2017-May-10 15:08:09
| T | »SUMMARY
\l:J:ResultS: 2017-May-10 15:08:09 200 ~ AGGREGATED COVERAGE RESULTS
ANAL REPORT CO.. DECISION CONDITION EXECUTION
[l comms a0 — 83% — 100% — .
[fa] control_PID A 38 81% e— 94%  — 98%  —
fal Fcs A 9 100% w—
| &2l modet ogic_new A 30 49% e 46% - -
[fa] Motors A 0 100% —
f&] pizero A 20 89% m—— 70%  e— 100% m— -
=1 Adal aL 3 H
e oo o= Add Tests for Missing Coverage Export . - Tests ﬁ
) . Add Tests
for Missing
= 1 Coverage

Detect Measure |
Dead Logic _ Coverage

| Justify J

+ Add Tests for Missing Coverage

<\ MathWorks 30



Generate Tests for Missing Coverage

[IOE(O] &k ...
gle(5) && ... P4 Coverage: ModeLogic_new — O *
= ~ B
1- Transition "[count >= uintl6({299)]" from "LostBall"
to "Land"
2 i
/ y— Transition was never evaluated.
Test
count == uint16(299 .
[ iy : Generation
i [~IsBall] 4 | X
v
5‘;'](';'531'\:‘; i *L Results: Modelagic_new O 4
T ~ B2 Design Tests ﬁ
Land Back to summary -
ientry: ModeLogic."[count >= uint16(299)]" Add Tests
__2{ Logic.Mode = Lan | Transition: Transition trigger expression SATISFIED- View test case for Missing
//_,, = 5 i i . _ Coverage
/ ?ansmun: Transition trigger expression SATISFIED - View test case
4 Detect Measure '
[count == uint16(299)] Dead Logic - Coverage
= 1 [~IsBall] }
;ﬁf“?ﬂ” 2 INPUT: L _ J
s e e I\ GCS_MissionMode l Justify
<\ Mathiworks
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Final Coverage Results

A\ Simulinik Test

& o <
Detug  Paratel Preferences el
Run RESATE EMVIBONUENT |RESCLACES =

=1 AutogenTopCfTests

utos TonOffTocts « Enabled

4\ Simulink Test — O hd

TESTS —
e “ LRI E S 2 i ® @

5 Copy

New Open Save Delete  Fun  Siop  Debug Parallel Report Visualze Honioni @ Expert | Preferences Help
- - - (B Paste - > - in Model =
FILE ‘ EDIT RUN ‘ RESULTS |ENVIRONMENT|RE50URCE5‘ =
Resulis and Arlifacts Results: 2017-May-10 16:23:53
‘ E] \Tf » SUMMARY
‘:-Resuns: AT T 200 ~ AGGREGATED COVERAGE RESULTS
+ [=] quadCopterPositionTests 15e ORT € o EXECUT +
» [5] quadCopterUnitTests 5@ Ea] Comms L | - B83%  — 100% —
~ Results: 2017-May-10 16:23:53 6o {%a] control_piD A 33 81% e— 94%  e— 98% —
» [5] quadCopterPositionTests 150 fral FCs A g = = 100% —
v+ [=] quadCopterUnitTests 5@ Model ogic_nsw A 100% — _
+ [=] AutogenTopOfiTests 6@ f5] Motars A 100% e— .
@ pzero i Design =) Tests
Hame {7 PlantModel W
- D e Add Tests
. A A efi
100% Coverage with Combined Test Suite! llilih

Coverage

Detect Measure
’Dead Logic _ Coverage

] Justify

<\ MathWorks
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Quadcopter Verification & Validation Workflow Summary

= Implement requirements without leaving Simulink
— Edit requirements and models together
— Track implementation and verification of requirements
— Respond to changes faster

= Verify requirement changes through regression testing
— Find impacted tests through file dependency analysis
— Update test’s pass/fail criteria (when design is correct!)
— Automate tests (in parallel!) to ensure all tests still pass

= Measure model coverage from test cases
— ldentify unreachable design content via dead logic analysis
— Fix design or justify dead logic when it's acceptable
— Generate additional tests to help fill coverage gaps

MathWorks V&V Solutions Page: https://www.mathworks.com/solutions/verification-validation.html
4\ MathWorks




