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Verifying the method Option B for the battery monitors

For evaluating the SOCR/SOCE monitors normalised values shall be calculated:

_ Socread,i —
xi = —— or xi - SOCread,i - SOCmeasured,i

SOCmeasured,i
Where:  S0Creqa is the SOCR/SOCE monitor read from the vehicle i

SO0Ceasurea,i 1S the measured SOCR/SOCE monitor of the vehicle i

For the total number of N tests and the normalised values of the tested vehicles, x;, X,, ... Xy, the average X, and the standard deviation
s shall be determined:

X (g +xptxgt+etxp)
tests — N

5= J(Il - ersts)z + (xz - thstsj2+'-' +{xN - th'sts}z
N—1
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Student's t

Summary of the methodology S e

0.40

0.35 /W v=1
. . —_—y=2
The proposed testing method follows the same steps of CO, CoP testing: 030 ko
0.25} ’
: : = —v=+00
Boundaries around a theoretical mean & 0.20f
s@) 0.15f
m(i) = A —ty-q,c * N 0.10}
0.05} \
s(i) ti—1,ci) . tn—-1,0100) Oipp——— :
(@) =m@)—tj_jp*x— = A— ( i + ’ * s(0) -4 -2 0 2 4
L ,C. \/I \/z \/N X
. . s(@) ti—1,ci)  En-1,c10 .
ub(i) = m@) +tj_q o * 7 =A+ ( - NG ®_ N ) . s(i)
t L N PASS FAIL
Tests (i) teLi trai tFLi try
If Xtests < A — (tpy n+tpzn) - s the family gets a pass 3 1686 0438 1686 0438
4 1.125 0425 1.177 0438
If Xtests > A + (tpyn— trzn) - S the family gets a fail B 0.850 0.401 0953 0438
6 0673 0370 0.823 0438
Else it is required to measure another vehicle, increase N by 1, recalculate the mean and the standard 7 0.544 0335 0.734 0438
deviation and repeat until a decision of pass or fail is reached 8 0443 0299 0.670 0438
9 0361 0.263 0.620 0438
10 0202 0226 0580 0438
) ] ] 11 0.232 0.150 0.346 0.438
Fail boundary with constant confidence level (same as CO, CoP) 12 0.178 0153 0518 0438
13 0.129 0.116 0.494 0438
cL_up = 0.95; 14 0.083 0.078 0473 0.438
_ ) _ o 15 0.040 0038 0433 0438
Pass boundary with decreasing confidence level (same as CO, CoP) while i increases 16 0.000 0.000 0438 0438

cL_lo = [0.95 ©.945 0.935 0.92 0.9 0.875 0.845 0.81 0.77 0.725 0.675 0.62 0.56 0.5];

Confidence level decrement increasing proportionally with sample size
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Visualisation of the proposed method

Acceptance and rejection boundaries (0=0.02, A=1.00, N=16)
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cL_lo = [0.95 0.945 0.935 0.92 0.9 0.875 0.845 0.81 0.77 0.725 0.675 0.62 0.56 0.5]; growing difference for bigger sample sizes European
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|deal case
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Cumulative Pass

Ratio vs Difference

SOC,.,q4 Shifted above or below the mean value by 5%

Option B Ratio (A=1.05) and Difference (A=5%) 0=1.56

0.3

0z

1009 ~— = = = = = = =
Q=" 2-

90% >

Delayed passes

80%

70%
’

60% I

50%

Ratio method more stringent for same A value

40%
30%
20%
10%

0%

3 4 5 6 7 8 11 12 13 14 15

S%mple Sllzoe
May 2021

015

Probability distribution

0051

65 70 75 80 85 90 95
Capacity Retention [%)]

—— {SOCEread} = {SOCEmeasured} (RATIO)
{SOCEread} = {SOCEmeasured} + 5 (RATIO)

—0— {SOCEread} = {SOCEmeasured} - 5 (RATIO)

--®--{SOCEread} = {SOCEmeasured} (DIFFERENCE)
{SOCEread} = {SOCEmeasured} + 5 (DIFFERENCE)

--8--{SOCEread} = {SOCEmeasured} - 5 (DIFFERENCE)
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Bimodal populations

SOC,.,q4 Shifted above or below the mean value by 5%

Option B Difference A=5% standard cL - Bimodal and Normal Population (0=1,56)
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Bimodal distribution leads to acceptance with higher number of samples
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Randomly generated bimodal distribution
(u=78; 0=1 and p=82; 0=1,5)

—— {SOCEread} = {SOCEmeasured} (bimodal)

- ——{SOCEread} = {SOCEmeasured} + 5 (bimodal)

'.' —— {SOCEread} = {SOCEmeasured} - 5 (bimodal)

7

‘<.#" ==-k=-{SOCEread} = {SOCEmeasured} (Normal 0=1.56)

{SOCEread} = {SOCEmeasured} + 5 (Normal 0=1.56)
--®--{SOCEread} = {SOCEmeasured} - 5 (Normal 0=1.56)
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Bimodal populations
SOC,.,q4 Shifted above or below the mean value by 5%
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Acceptance with higher number of samples:
--®--{SOCEread} = {SOCEmeasured} (Normal g=1.56)

Bim Ratio Bimodal distribution {SOCEread} = {SOCEmeasured} + 5 (Normal 6=1.56)
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—i— {SOCEread} = {SOCEmeasured} (bimodal Difference)
30% {SOCEread} = {SOCEmeasured} + 5 (bimodal Difference)
—a#— {SOCEread} = {SOCEmeasured} - 5 (bimodal Difference)

20% —&— {SOCEread} = {SOCEmeasured} (bimodal Ratio)
{SOCEread} = {SOCEmeasured} +5 (bimodal Ratio)
10% v —8— {SOCEread} = {SOCEmeasured} -5 (bimodal Ratio)

50%

40%

Cumulative Pass

Ratio method

0%
3 4 5 6 7 8 9 10 11 12 13 14 15 16
Sample Size
European
Commission

May 2021



Increased dispersion of data (higher o) or lost of accuracy
socread shifted above or below the mean value by 5%
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60%
—¢— {SOCEread} = {SOCEmeasured} (0=2.5)

Increased dispersion leads to acceptance with higher number of samples (SOCEread) = (SOCEmeasured) + 5 (0=2.5)
—#— {SOCEread} = {SOCEmeasured} - 5 (0=2.5)
I --k--{SOCEread} = {SOCEmeasured} (0=1.56)
{SOCEread} = {SOCEmeasured} + 5 (0=1.56)
30% --®--{SOCEread} = {SOCEmeasured} - 5 (0=1.56)

50%

Cumulative Pass

40%

20% Possibility to read data as data at 5y and 8y

10%

0%
3 4 5 6 7 8 9 10 11 12 13 14 15 16

Sample Size
European

Commission

May 2021



Delayed passes Option B Difference A=5% 0=1.56 - Influence Confidence Level

Cumulative Pass

Standard cL and modified cL
SOcC,.,4 Shifted above or below the mean value by 5%
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Combining modified cL and increased o
SOC,.,q4 Shifted above or below the mean value by 5%
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Testing statistics with different distribution shape

JRC TEMA simulated capacity retention data at 5y and 8y (ref. EVE-41-03e)

5y aged BEV1 vehicles — strategy 1 and 2
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Normal vs JRC TEMA
SOC,.,q4 Shifted above or below the mean value by 5%

Delayed passes Option B Difference A=5% (Normal 0=1,56 and JRC TEMA 5y)
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—i#— {SOCEread} = {SOCEmeasured} + 5 (NORMAL)
—&— {SOCEread} = {SOCEmeasured} - 5 (NORMAL)
-=-#--{SOCEread} = {SOCEmeasured} (JRC TEMA)
{SOCEread} = {SOCEmeasured} + 5 (JRC TEMA)
--&=--{SOCEread} = {SOCEmeasured} - 5 (JRC TEMA)
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Thank you

Q&A

Contacts Info:

EC DG JRC DIR-C Energy, Transport and Climate, Sustainable Transport Unit
gian-luca.patrone@ec.europa.eu elena.paffumi@ec.europa.eu

© European Union 2021

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are not owned by the
EU, permission may need to be sought directly from the respective right holders.

European
Commission



https://creativecommons.org/licenses/by/4.0/

Cumulative Pass

Comparing Options Aland B
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Cumulative Pass

Comparing Options A2 and B

Option A2, B Difference
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--®--{SOCEread} = {SOCEmeasured} +5 (Opt.B Difference A=7%)
{SOCEread} = {SOCEmeasured} +5 (Opt.Al)
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Option B Difference A=1%
SOC,.,q4 Shifted above or below the mean value by 5%

Option B Difference A=1%
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Dataset

Randomly generated bimodal distribution 10’000 values as combination of two normal distributions
(u=78; 0=1 and p=82; 0=1,5)
Data = [normrnd(78,1,[5000,1]) ; normrnd(82,1.5,[5000,1])];

Example of randomly generated bimodal distribution
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Bimodal population same results as more dispersed distribution

SOC,.,q4 Shifted above or below the mean value by 5%

Option B Difference A=5% standard cL - Bimodal and Normal Population (0=2,5)
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—&— {SOCEread} = {SOCEmeasured} (bimodal)

—— {SOCEread} = {SOCEmeasured} + 5 (bimodal)

—1— {SOCEread} = {SOCEmeasured} - 5 (bimodal)

--k--{SOCEread} = {SOCEmeasured} (Normal 0=2.5)
{SOCEread} = {SOCEmeasured} + 5 (Normal 0=2.5)

--®--{SOCEread} = {SOCEmeasured} - 5 (Normal 0=2.5)
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Changing Confidence Level
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growing difference for bigger sample sizes
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Ratio A=1.05 Increased o
SOC,.,q4 Shifted above or below the mean value by 5%
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