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(@  The following slides will explain...

» why regulating AEBS is different from other systems,

» why it cannot be ensured that every test run is performed under the exact
same conditions,

» what is required for UN-R152 type approval testing,

» what would be the outcome of the one-test-run per scenario approach,

» what is the current proposal,

» how can we be sure that the approved system performs well enough, and

» why the suggested approach is already well established and is suitable to

ensure that approved systems demonstrate sufficient robustness.
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Why is AEBS different from conventional systems?

> AEBS relies on environmental sensors
delivering a reliable representation of
the real world.

» Object detection is not a black or white,
1 or O digital input value.

» If you activate the turn indicator,
this is a “digital” input signal and
the reaction to that input can be
expected to always be the same.

RCS versus distance (person angle:0)
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A radar transmits electromagnetic waves which are reflected by objects and returned
to the receiver. These received electromagnetic waves have to be interpreted to
determine e.g. the range, angle or velocity of objects.

» Object detection is not a digital input, how a sensor detects an object depends on many factors,
some even imperceptible to the human being.

» Since the AEBS in not only required to achieve high performance, but also to avoid false activations,
the system needs to carefully evaluate whether to activate or not based on what its sensors detect.
Classification of an object can be crucial when assessing whether to start an intervention or not, so an
object’s characteristics play a big part in system performance.



Why isn’t every test run 100% the same?
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Unexplainable influences when emulating the real world

There are influences on the test setup that cannot be measured. Experience of
different test labs has shown that even if all conditions are seemingly the same,
performance occasionally deviates.

With evolving sensor technology with better performance and reduced numbers
of false detections, sensors become more sensitive if the test setup doesn‘t
resemble the real world.

Therefor what tells an artificial test setup apart from the real world, can influence
,what the sensor sees”, e.g.

* a pedestrian with only moving legs, not moving arms

» a pedestrian that is attached to a stick on a platform

« small damages to the target that affect its characteristics

Picture: Bosch / licensed byt.Basch‘

Due to external influences it is simply impossible to ensure that every test run is performed under the exact
same conditions, which is why it cannot be guaranteed that AEBS always achieves maximum performance.
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What is required for UN-R152 type approval testing?

Approval | No. | Scenario | Subject | Target | Load condition
vehicle | speed
speed
10 performance teStS for Carzcar Car2Car 1 stationary 20 0 Mass in running order
6 performance tests for Car2Ped 2 20 0 | Maximum mass
3 42 0 Mass in running order
4 42 0 Maximum mass
5 60 0 Mass in running order
6 60 0 Maximum mass
7 moving 30 20 Mass in running order
] 8 30 20 Maximum mass
The higher the number of performed 5 - e
tests, the greater the probability to fail 10 ” PPN Ev————
Overa” type approval by falllng one Car2Ped 1 crossing 20 5 Mass in running order
single test for even the best of > 20 5 | Maximum mass
systems, due to the influence of 3 30 P
external factors. 4 30 5 Maximum mass
5 60 5 Mass in running order
6 60 5 Maximum mass
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Probability to pass homologation with a single testper

scenario approach

1

—@—1 Test Case
Let us assume the following two example 09 | _g@—2Test Cases ?)
parameters 0.8 | =—@—5 Test Cases
- -03 e 10 Test Cases
> Probability pgnge to pass a single test case = =@ 16 Test Cases
w 0.6 @
psingle, 1 = 95%’ psingle, 2 - 99%’ g 0.5
o
» Total number of tests n needed for homologation § .
n= 16 g 0.3
. ) 0.2
> Probability p,,.s to pass homologation .
ppass N psinglen 0@ -9
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Ppass,1 = 950/016 o 440/0 Ppass,z = 990/016 = 850/0 prob. to pass single test

Only 1 out of 2 vehicles (with a 95%-robust system) would pass homologation.
And even if the system was almost perfect (99%), still 1 out of 6 vehicles would fail
homologation, due to the large number of performed tests.




6.10.
6.10.1.

6.10.2.
6.10.3.

What is the suggested proposal for R152?

Repeatability of test runs

Any of the above test scenarios [,where a scenario describes one test setup at one subject
vehicle speed at one load condition] shall be performed two times. If one of the two test
runs fails to meet the required performance, the test may be repeated once. A test
scenario shall be accounted as passed if the required performance is met in two test
runs. [The total number of failed test runs shall not exceed [10%] of all performed test
runs of all Car to Car and Car to Pedestrian scenarios in all load conditions.|

The root cause of any failed test run shall be analysed.

During the assessment per Annex 3, the manufacturer shall demonstrate via appropriate
documentation that the system is capable of reliably delivering the required

performances.|
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lllustration of suggested Proposal
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- in the following diagrams labelled “2 out of 3 and 10%” of test runs -

Passing Type Approval testing

c c
> 3
— —
k7 ©
A

Scenario 1

Scenario 10

W passed test run [ failed test run

Failing Type Approval testing

insufficient
robustness

insufficient
performance

The example above is with regard to the number of scenarios representative for an approval for Car2Car



How can we be sure that systems ICLEPA

perform well enough?

How can we be sure the system performs robustly well? 0o  —-2outof3

What we need to accept: We cannot determine the probability of the system to

] 0.8 | —@—Single test per scenario
pass a single test (e.g. 95%) by test.

Why not? Because in order to determine that value you‘d have to ﬁ z:; —®-2outof 3 and 10%
perform thousands of tests. E 05
(If you flip a coin, you could end up having 6 heads in arow, & v
but if you throw often enough, you will see that the ratio of 2
heads to tails actually is 50/50) ‘g :Z
o
Why will the proposed scheme lead non-robust systems to fail type % o

| N 0e
approval testing? 0.6 0.7 0.8 0.9 1

prob. to pas's single test

If a system was only 80% reliable to pass a single test, it would result in a 95% probability of failing type
approval according to the suggested approach, which is about the same as with a single test run per
scenario approach.




How can we be sure that systems Z.CLEFA
perform well enough?

=@-Single test per

Why allow for 10% of maximum repeated scenario
0.9  —e-2outof3and5%

tests? 08 —@—2outof 3and 10%

=8-2 out of 3 and 15%

» The overall number of repeated test runs 0.7

should be limited in order to ensure sufficient é 0.6
robustness of the AEBS. § 0.5
» The overall number of tests for 2 04
Car2Pedestrian is 12, so if less than 10% § 0.3
were permitted, that would result in no % 0.2
permitted repetition for an approval for Car 2 O
Pedestrian at all. g

0.7 0.75 0.8 0.85 0.9 0.95 1
prob. to pass single test

Limiting the overall number of unsuccesful test runs to 10%
while requiring two passed test runs per scenario ensures
sufficient robustness of AEBS without unreasonably
increasing the test effort.




Why is this a well-established approach?

GB/T AEB Draft Standard
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4.3.2.4  Atleast 3 of 5 times of tests shall meet the provisions in Article 4.3.2.1-4.3.2.3.

NCAP Test Protocol — AEB VRU Systems (Version 2.0.3,
Nov. 2018)

Where the predicted speed reduction in the tests above 40 km/h
is at least 20km/h (sufficient to score points), but the actual
speed reduction measured in the test is between 15 and
20km/h, the test shall be repeated a further two times and the
middle value will be used in the assessment.

ECE-R43 Safety Glazing

Annex 14 - Rigid Plastic Panes:

6.1.4. A set of test pieces for approval shall be considered
satisfactory if one of the following
conditions is met:
(a) All test pieces meet the requirements or
(b) One test piece having failed, a repeat of the tests
on a new set of test pieces gives a satisfactory result.

NHTSA: Crash Imminent Brake System Performance Evaluation
for the New Car Assessment Program

(Link: https://www.requlations.gov/document?D=NHTSA-2015-0006-
0025)

12.6 CIB Performance Requirements

The SV speed reductions (calculated using the methods described in
S12.2.9, S12.3.9, and S12.4.8) shall be documented for each
Stopped, Slower-Moving, and Decelerating POV test trial,
respectively. SV decelerations within the validity period described in
S12.5.6 shall be documented for each test trial performed over the
steel trench plate. Tables 3 and 4 provide a summary of acceptable
SV performance for each test scenario. Five (5) of seven (7) valid
test runs must meet the performance requirements for each test
scenario. However, once five (5) trials have satisfied the performance
requirements for a given scenario, performing additional trials within
that scenario is not required.


https://www.regulations.gov/document?D=NHTSA-2015-0006-0025

Comparison of the R152 proposal to
other AEBS standards

It can be recognized that the proposed approach
for UN R152 will lead to the most severe
requirements regarding performance robustness
compared to other existing AEB standards.

overall prob. to pass all tests
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Summary €/ CLEPA

The proposed provisions regarding the repeatability of a very limited number of unsuccessful test
runs:

[6.10. Repeatability of test runs

6.10.1.  Any of the above test scenarios [,where a scenario describes one test setup at one subject vehicle speed at one load
condition] shall be performed two times. If one of the two test runs fails to meet the required performance, the test
may be repeated once. A test scenario shall be accounted as passed if the required performance is met in two test
runs. [The total number of failed test runs shall not exceed [10%] of all performed test runs of all Car to Car and

Car to Pedestrian scenarios in all load conditions. ]
6.10.2.  The root cause of any failed test run shall be analysed.

6.10.3.  During the assessment per Annex 3, the manufacturer shall demonstrate via appropriate documentation that the
system is capable of reliably delivering the required performances. |

will
» ensure that approved systems provide sufficient robustness with regard to their performance, by
» defining a standardized procedure for the repetition of unsuccessful tests, which will

> benefit the harmonization of type approval testing by giving a clear framework how
unsuccessful test runs are to be handled.
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Appendix

Excel Sheet used for calculations:

]

Microsoft Excel
Worksheet



Single test per scenario

		Single test per scenario

		16 test scenarios																										Explanation

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No of test scenarios		16		16		16		16		16		16		16		16		16

				p_pass		0.0000152588		0.000282111		0.0033232931		0.0281474977		0.1853020189		0.4401266687		0.7237977206		0.8514577711		1

		1 test scenario

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No of test scenarios		1		1		1		1		1		1		1		1		1

				p_pass		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

		2 test scenarios

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No of test scenarios		2		2		2		2		2		2		2		2		2

				p_pass		0.25		0.36		0.49		0.64		0.81		0.9025		0.9604		0.9801		1

		5 test scenarios

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No of test scenarios		5		5		5		5		5		5		5		5		5

				p_pass		0.03125		0.07776		0.16807		0.32768		0.59049		0.7737809375		0.9039207968		0.9509900499		1

		10 test scenarios

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No of test scenarios		10		10		10		10		10		10		10		10		10

				p_pass		0.0009765625		0.0060466176		0.0282475249		0.1073741824		0.3486784401		0.5987369392		0.8170728069		0.904382075		1

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 out of 3

		2 out of 3

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No. of test scenarios		16		16		16		16		16		16		16		16		16

				No. of test runs		2		2		2		2		2		2		2		2		2

				p_all		0.25		0.36		0.49		0.64		0.81		0.9025		0.9604		0.9801		1

				p_(all-1)		0.25		0.288		0.294		0.256		0.162		0.09025		0.038416		0.019602		0

				p_scenario		0.5		0.648		0.784		0.896		0.972		0.99275		0.998816		0.999702		1

				p_pass		0.0000152588		0.0009664961		0.0203730947		0.172555241		0.6348340884		0.8900990382		0.9812232968		0.9952426417		1



								Explanation

				For each scenario two test runs are performed. If one of these test runs is not succesful, one additional test run can be performed for each scenario.



































2 out of 3 and 5%

		2 out of 3 and 5%

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No. of test scenarios		16		16		16		16		16		16		16		16		16

				No. of test runs		2		2		2		2		2		2		2		2		2

				p_all		0.0000000002		0.0000000796		0.0000110443		0.0007922816		0.0343368382		0.1937114845		0.5238831403		0.724980336		1

				p_all-1		0.0000000037		0.0000010187		0.0001060251		0.0050706024		0.1098778822		0.3099383751		0.3352852098		0.2319937075		0

				p_pass		0.000000004		0.0000010983		0.0001170693		0.005862884		0.1442147205		0.5036498596		0.8591683501		0.9569740435		1



				Explanation

				For each scenario two test runs are performed. If one of these test runs is not succesful, one additional test run can be performed for a limited number of scenarios. 
16 test scenarios = 32 test runs --> 5% of 32 test runs = 1.6 
--> max. 1 scenario with 1 additional test run





























2 out of 3 and 10%

		2 out of 3 and 10%  --> 3 failed tests for 16 test cases (3,2)

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No. of test scenarios		16		16		16		16		16		16		16		16		6

				No. of test runs		2		2		2		2		2		2		2		2		2

				p_all		0.0000000002		0.0000000796		0.0000110443		0.0007922816		0.0343368382		0.1937114845		0.5238831403		0.724980336		1

				p_all-1		0.0000000037		0.0000010187		0.0001060251		0.0050706024		0.1098778822		0.3099383751		0.3352852098		0.2319937075		0

				p_all-2		0.0000000105		0.0000022921		0.0001789173		0.0057044277		0.0618063088		0.087170168		0.0377195861		0.013049646		0

				p_all-3		0.0000001304		0.0000228191		0.0013359157		0.0283953734		0.1538290351		0.1084784313		0.0187759717		0.0032479119		0

				p_pass		0.0000001448		0.0000262095		0.0016319023		0.0399626852		0.3598500644		0.6992984589		0.915663908		0.9732716014		1



				Explanation

				For each scenario two test runs are performed. If one of these test runs is not succesful, one additional test run can be performed for a limited number of scenarios. 
16 test scenarios = 32 test runs --> 10% of 32 test runs = 3.2 
--> max. 3 scenarios with 1 additional test run 



































2 out of 3 and 15% 

		2 out of 3 and 15%

				p_Single		0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No. of test scenarios		16		16		16		16		16		16		16		16		16

				No. of test runs		2		2		2		2		2		2		2		2		2

				p_all		0.0000000002		0.0000000796		0.0000110443		0.0007922816		0.0343368382		0.1937114845		0.5238831403		0.724980336		1

				p_all-1		0.0000000037		0.0000010187		0.0001060251		0.0050706024		0.1098778822		0.3099383751		0.3352852098		0.2319937075		0

				p_all-2		0.0000000279		0.0000061123		0.0004771128		0.0152118072		0.1648168234		0.2324537814		0.1005855629		0.0347990561		0

				p_all-3		0.0000001304		0.0000228191		0.0013359157		0.0283953734		0.1538290351		0.1084784313		0.0187759717		0.0032479119		0

				p_all-4		0.0000004238		0.0000593296		0.0026050356		0.0369139855		0.0999888728		0.0352554902		0.0024408763		0.0002111143		0

				p_pass		0.000000586		0.0000893592		0.0045351334		0.0863840502		0.5628494518		0.8798375624		0.9809707612		0.9952321258		1



				Explanation

				For each scenario two test runs are performed. If one of these test runs is not succesful, one additional test run can be performed for a limited number of scenarios. 
16 test scenarios = 32 test runs --> 15% of 32 test runs = 4.8 
--> max. 4 scenarios with 1 additional test run









































NHTSA - 5 out of 7 

		NHTSA AEBS 5 out of 7

				p_Single				0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No. of test scenarios				16		16		16		16		16		16		16		16		16

				No. of test runs				7		7		7		7		7		7		7		7		7

		Success-ful test runs		p_all		7		0.0078125		0.0279936		0.0823543		0.2097152		0.4782969		0.6983372961		0.8681255332		0.9320653479		1

				p_all-1		6		0.0546875		0.1306368		0.2470629		0.3670016		0.3720087		0.2572821617		0.1240179333		0.0659036105		0

				p_all-2		5		0.1640625		0.2612736		0.3176523		0.2752512		0.1240029		0.0406234992		0.0075929347		0.0019970791		0

				p_scenario				0.2265625		0.419904		0.6470695		0.851968		0.9743085		0.996242957		0.9997364013		0.9999660375		1

				p_pass				0		0.0000009341		0.0009445281		0.0770499794		0.6593922866		0.9415518185		0.995790748		0.9994567379		1



								Explanation

				For each scenario seven test runs are performed. A scenario is passed if at least 5 test runs have been successful.





























China - 3 out of 5

		China GB/T AEBS 3 out of 5

				p_Single				0.5		0.6		0.7		0.8		0.9		0.95		0.98		0.99		1

				No. of test scenarios				16		16		16		16		16		16		16		16		16

				No. of test runs				5		5		5		5		5		5		5		5		5

		Success-ful test runs		p_all		5		0.03125		0.07776		0.16807		0.32768		0.59049		0.7737809375		0.9039207968		0.9509900499		1

				p_all-1		4		0.15625		0.2592		0.36015		0.4096		0.32805		0.2036265625		0.092236816		0.0480298005		0

				p_all-2		3		0.3125		0.3456		0.3087		0.2048		0.0729		0.021434375		0.003764768		0.000970299		0

				p_scenario				0.5		0.68256		0.83692		0.94208		0.99144		0.998841875		0.9999223808		0.9999901494		1

				p_pass				0.0000152588		0.0022194908		0.0579352843		0.3849501948		0.8714911617		0.9816300838		0.9987588155		0.999842402		1



								Explanation

				For each scenario five test runs are performed. A scenario is passed if at least 3 test runs have been successful.
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