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Functional Testing of
Automated Driving on Highways

Methodology and Test-Case Identification on the way towards approval

Holger Znamiec, TU Braunschweig — Institute of Automotive Engineering
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Introduction KI:I HFIF

KOOPER.
HOCHAU TOM TS ERTESF HREN

Highly automated Driving
on highways,
min. SAE-Level 3
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Challenges of Testing KI:I HI:IF'

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

Highly automated Driving
on highways,
min. SAE-Level 3
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Objective

HOCHAUTOMATISIERTES FAHREN | |

Highly automated Driving

on highways,
min. SAE-Level 3

addresses
multidimensional
environmental
parameterspace

= Defintion of relevant parameters

= |dentification of representative
parameter specifications

o

[
]> = Requirements on Test Process
(Test Environments, Execution, Efficiency;,...)

Qualification of the System in representative Test-Cases
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Approach

HOCHAUTOMATISIERTES FAHREN | |

highly automated Driving

on highways,
min. SAE-Level 3

addresses
multidimensional
environmental
parameterspace

= Defintion of relevant parameters

= |dentification of representative
parameter specifications

o

[
]> = Requirements on Test Process
(Test Environments, Execution, Efficiency;,...)

Qualification of the System in representative Test-Cases
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Basic Approaches Ko-HAF

HOCHAUTOMATISIERTES FAHREN | |

[ Qualification of the System in representative Test-Cases ]

|.) Scenario-Based Testing II.) Black-Box-Testing
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Overall Methodology
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Terminology and Test-Case Identification KI:I HI:IF
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Terminology

m

USE-CASE

Verbal description of one

defined area of use of the

function.

€GO

oK
pRVING A

APPROACHING
AND MERGING.

Ko-HAF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

"r———__'—-\:

BASE-SCENARIO L_/

Objective description
of a use-case.
Each Scenario is
described by a set of

—

TEST-CASE L_/

Concrete specific
definition of the
envrionmental behavior.
Contains set of specific

MANEUVER

In each scenario may exist
different maneuvers.
Constellations of traffic.

generic parameters. parameters.
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LONGITUDINAL
DISTANCES, VELOCITIES, LENGTHS..

FoLLow-up, CUT-INS

DRIVEWAY WITH TRAFFIC.
OF OBJECT VEHICLES.
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Scenario Description KI:I HI:IF'

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN
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Test-Case Identification Ko-HAF

OOPERATIVE S

Ki
HOCHAUTOMATISIER

= Developed process for the specification of represantative
= Test-cases towards approval of HAD-systems

= Extract the relevant specifications from different information bases

INFORMATION
BASE ANALYSIS =P RATING —% TEST-CASES /

Stat. and Dyn. Distributions, L
Parameters, relevant
Maneuvers characteristics
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Test-Case ldentification I(I:I HI:IF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

INFORMATION ANALYSIS = RATING TEST-CASES
BASE
Stat. and Dyn. Distributions, I
Parameters, relevant
Maneuvers characteristics

analysis of test-field

analysis of real driving
behavior

guidelines
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Test-Case Identification KI:IHFIF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

ANALYSIS =P RATING

Stat. and Dyn. Distributions,
Parameters, relevant
Maneuvers characteristics

length of acceleration lanes

Al laannld a

frequency (2133)

length in m
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Test-Case ldentification KO- HI:IF'

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

ANALYSIS =P RATING

Stat. and Dyn. Distributions,
Parameters, relevant
Maneuvers characteristics

distance in follow-ups on Target Lane in Driveway Scenarios

o
o

rel. frequency

I

09 100 150

30m dangtbng mhistance to heading Ax [m]
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Test-Case ldentification KI:IHFIF

KOOPERATIVES .
h TEST-CASES /
Ji

HOCHAUTOMATISIERTES FAHREN

AP35 Absicherung - Erprobung und

K [n H n F'- Validierung
B L UAPS3 2 Testprozedur
Testkatalog
Typ Rahmenbedingung Beschreibung

TK 113 |11 Testfall e BeschL 350m Auffahrt ohne Vorausfahrenden in

ausreichend groke Liicke

St Bl 50m SurtRproeGm

Analysis of all el s

. TK113 [111 Szenerie Element Rampe
fu n ct I o n - re I eva nt 1.1.2 Szen: Element Beschleunigungssteifen
TK_1.13 [113 Szenerie Element Durchgehender Fahrstreifen
TK 113 [114 Szen. Element Werkehrsregelung

Il

H t I t TK 113 [115 Dynamisches Element  |Verkehr
e nvl ro n m e n a pa ra m e e rs TK 113 1151 Dyn. Rahmenbedingung |Verkehr Anzahl Targets 2

TK_113 [1152 |Sequenz Werkehr Egofahrzeu
< TK_1.13 |1.1521 |Testschritt Werkehr Egofahrzeu |Initialwer |Startspur Rampe
TK 113 [11522 |Testschritt Verkehr Egofahrzeu |Initialwer |Startpunkt 160
TK_1.13 ]1.1523 |Testschritt Verkehr Egofahrzeu |Initialwer |Funktion iz
TK 1.1.3 11524 |Testschritt Werkehr Egofahrzeu |Initialwer |Geschwindigkeit 60
TK 113 111525 |Testschritt Verkehr Egofahrzeu |Zielwert |Spurwechsel 150
TK_1.13 |1.1526 |Testschritt Werkehr Egofahrzeu |Initialwer [Endpunkt 300
TK 113 [1.153 |Sequenz Werkehr Target1
TK 113 111531 |Testschritt Verkehr Target1 Initialwer |Startspur
TK_1.13 |1.1532 |Testschritt Werkehr Target 1 Initialwer |Beschleunigung 0
Te St_ Ca Se Cata I o TK 113 111533 |Testschritt Verkehr Target1 Initialwer |Geschwindigkeit 30
g TK_1.13 |1.1534 |Testschritt Werkehr Target 1 Zustand _ |Startpunkt Spurwechsel Ego 240
TK 113 1154 Sequenz Werkehr Target 2
TK_ 113 111541 |Testschritt Verkehr Target 2 Initialwer |Startspur
TK_1.13 |1.1.542 |Testschritt Werkehr Target 2 Initialwer |Beschleunigung 0
TK 113 |11543 |Testschritt Verkehr Target 2 iti; Geschwindigkeit £l
TK 113 111544 |Testschritt Verkehr Target 2 Zustand _|Abstand 100
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Overall Methodology Ko-HAF

KOOPERATIVES ]
HOCHAUTOMATISIERTES FAHREN

v
Ll
= TEST TEST ASSESSMENT
@ SPECIFICATION DISTRIBUTION AND
Q . AND ® EVALUATION
a Q/ %
- EXECUTION 2
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Test-Case Assignment Tool K|:|H|:|F

KOOPERATIVES u
HOCHAUTOMATISIERTES FAHREN

Test-Case Catalog TEST-CASES
[
AssIGNMENT ___ S
v v v
SIMULATION- PROVING PuBLIC ROAD,

FRAMEWORK GROUND TEST FIELD
=y . l,a

+ Variation® 4 Reference

ASSESSMENT
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Testmanager KI:I HI:IF'

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN
Task: Maneuvers: Usage:
= monitoring of real driven test-cases " merging " proving grounds
= giving test instructions * lane changes instructions
= (controlling of object vehicles) " overtaking [ reduce speed | ]
. V, . .
.. for reproducable test executions target, object2

K<

based on high-precise 360° lidar sensors,
wlan communication

© Project Ko-HAF
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Testmanager

Task:
u
= giving test instructions

= (controlling of object vehicles)

monitoring of real driven test-cases " merging .

Maneuvers: Usage:

proving grounds

= |ane changes instructions

= overtaking

. vV, . OK'!
.. for reproducable test executions target, object2

Ko- HI:IF'

KOOPERATIVES
HOCHAUTOMATISIERTES FAHR EN

based on high-precise 360° lidar sensors,
wlan communication

© Project Ko-HAF
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Testmanager KI:I HI:IF

KOOPERATIVES

Task: Maneuvers: Usage:

= monitoring of real driven test-cases " merging +10 km/h

= giving test instructions * lane change instructions

= (controlling of object vehicles) " overtaking

.. for reproducable test executions Viarget, objectz [ ort ]

B (L4

based on high-precise 360° lidar sensors,
wlan communication

© Project Ko-HAF
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Testmanager Ko-HAF

KOOPERATIVES ] | N |
HOCHAUTOMATISIERTES FAHREN

|Testmanager | Object 1 I Crbjethl Test Cases | V\aw|

e Testmanager Care

Saeri. F

Current Checkpaint Quality-Index
. . i ) Current Average
Object 1 Driven Distance Object 2 Quality-Index-Velocity
Velocity Object 1 12% 12%
Maneuver- Lo Driven Distance [m] 242.3 Maneuver: Lane Keeping Velocity Object 2 - %
Quality-Index Gap
Target Velocity [km/h] 40 Target Velocity [km/h] 40 . 1%
Target Gap Deviation Gap 17%
Deviation Target Velocity Not QK Deviation Target Gap Deviation Target Velocity QualityIndex Total
Y Deviation Y object 1 [km/h] o Deviation Gap [m] " Deviation V Object 2 [km/h] Quality-Index Tofal 12.3%
55 35 55 Offline
“ » Time: 0017/ 0034
50 30 50

Next Check Points

45 25 45 c <
- Next Check Pointin: 255m
Target 40 Target 20 Target 40

Object 1:
» 1 & Velocity 50
30 10 30 Maneuver Lane Keeping
Object 2:
25 5 25
Velocity 46
20 ] 20
Maneuver Lane Change Left

v.2.1 Copyright 2018 by Institut fir Fahrzeugtechnik, Technische Universitat Braunschweig
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Summary KI:I HFlF

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

Challenges of Testing KUHHF
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Summary KI:I H|:|F

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

Overall Methodology KEIHFIF

HAD-SYSTEM Use-CASES GENERIC
PARAMETERS

- INFORMATION SPECIFIC MANEUVERS TEST-CASES

3 g BASE PARAMETERS

& &  ----. B - tum

INFORMATION 3,5m S ——
- E BASE —1oom __f [N Y
2 -« >
w
5 TesT TesT ASSESSMENT
g SPECIFICATION DISTRIBUTION AND
e ™ AND = EVALUATION
a
—— b= W EXECUTION @ >
;| N
Se -
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Summary KI:I H|:|F

KOOPERATIVES
HOCHAUTOMATISIERTES FAHREN

Test-Case Identification KUHHF

| Analysis of all
function-relevant
environmental parameters.

Test-Case Catalog

September 19th & 20th, 2018 Ko-HAF — Functional Testing of Automated Driving on Highways 18

September 19th & 20th, 2018 Ko-HAF — Functional Testing of Automated Driving on Highways 30



Summary KI:I H|:|F

KOOPERATIVES
HOCHAUTOMATISIERTES FAHR EN

| Testmanager Ko-HAF
Task:

= monitoring of real driven test-cases
= giving test instructions

*= (controlling of object vehicles)

... for reproducable test executions.

based on high-precise 360° lidar sensors,
Se wlan communication.
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Thank you
for your attention!

Gefordert durch:

The contents of this presentation (including but not limited to texts, images, photos, logos, etc.) and the

L ] [
presentation itself are protected by intellectual property rights. They were created by the project consortium und Energie
Ko-HAF and/or licenced by the project consortium. Any disclosure, modification, publication, translation,
multiplication of the presentation and/or its contents is only permitted with a prior written authorisation by the e e Doy
consortium.

© Copyright Project Ko-HAF, 2018, Contact: projektbuero@ko-haf.de
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KOOPERATIVES u
HOCHAUTOMATISIERTES FAHREN

[1] - https://dir.indiamart.com/impcat/black-box-testing-service.html

September 19th & 20th, 2018 Ko-HAF — Functional Testing of Automated Driving on Highways 33



