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Abstract:

» Introduction:

Retired 18650 lithium-ion cells may retain useful capacity. However, second-life reuse requires low-cost methods which
characterise electrical behaviour that are degradation-relevant without solely relying on slow capacity testing. This study
evaluates whether a sub-X3,000 pseudo-random binary sequence (PRBS) impedance front-end can extract repeatable
broadband features under controlled conditions. | hypothesise that PRBS features will demonstrate measurable associations
with degradation-relevant cell properties within the experimentally validated bandwidth.

» Methods:

36 retired 18650 cells will be tested at controlled state of charge, temperature and rest. The repeated capacity cycles,
DCIR, self-discharge screening, and PRBS impedance features will be collected on the same cells and fixture. Repeatability
and continuous feature-property associations will be examined in the primary analysis. The secondary analysis will analyse
the grade classification versus the best case DCIR classifications using Leave-One out Cross-Validation (LOOCV).

» Results:

Analysis of 36 viable cells yielded a mean RO repeatability (CV) of 0.82%. The low-cost PRBS front-end achieved a
median relative error of 6.37% in the 1-2000 Hz band compared to the reference instrument. In predicting capacity
retention, the benchmark DCIR model (Model A) achieved an R? of 0.684, while the PRBS model (Model B) achieved an R?
of 0.5693. A McNemar’s test (p = 0.754) and bootstrap confidence intervals (-0.23 to 0.019) confirmed no statistically
significant performance difference between the models.

» Conclusions:

The AC-coupled PRBS methodology successfully correlates with state-of-health and accurately estimates standard
DCIR (R? = 0.977), but it fails to outperform a simple DCIR benchmark in capacity prediction. The inability to capture
sub-1 Hz dynamics due to AC coupling fundamentally limits this specific hardware architecture for retired cell grading.
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I INTRODUCTION but only if the retired cells can be sorted safely and efficiently
[1]. This means that the refurbisher must estimate the

» Background and Context

Second-life lithium-ion batteries are increasingly
studied as the cell retired from demanding first-life
applications may still be useful in low-power applications
before recycling. Recent reviews suggest that second-life
pathways are environmentally and economically attractive,
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remaining usable capacity and reject unsafe cells without
spending laboratory-level time or money on every cell.

> Problem Statement and Rationale
The constraint here is the trade-off between accuracy,
speed and cost. Full charge-discharge capacity testing yields
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a strong truth label but it consumes hours per cell. DC internal
resistance (DCIR) is cheap and fast, but a single resistance
number must combine ohmic, charge-transfer and slower
polarisation effects. Electrochemical impedance
spectroscopy (EIS) is more data-rich. Furthermore, EIS
combined with machine learning has already been used for
accelerated second-life health state estimation [3]. However,
conventional EIS requires instruments that are quite
unrealistic for informal reuse settings.

» Literature Gap and Significance

Therefore, the gap is not that impedance has never been
used for battery health estimation. It has. The gap is whether
a very low-cost broadband-impedance front-end can
reproducibly extract degradation-relevant features from
retired 18650 cells under controlled conditions, and whether
those features provide useful information for exploratory
grading beyond conventional DCIR measurements. Fast
second-life characterisation methods based on capacity, AC
resistance, and DC resistance have been proposed [2].
Additionally, pseudo-random sequences have recently shown
to support low-cost operando impedance measurements with
drift and transient compensation during charging [4]. Thus,
the proposed contribution focuses on offline characterisation
of salvaged cells using broadband impedance features, with
repeated capacity cycling providing an independent
degradation reference. Comparison with the strongest pre-
registered DCIR interval is treated as a secondary exploratory
benchmark rather than the primary test of the method.

This is important as the informal second-life market
requires practical sorting tools which are not only high-end
laboratory workflows. A sub-Z3,000 instrument would not
replace certified battery testing for commercial packs, but it
could support safer educational, maker or low-power reuse
decisions if its classifications agree meaningfully with
capacity-defined grades.

e Research Question: Can a sub-%3,000 pseudo-random
excitation impedance front-end reproducibly extract
degradation-relevant impedance features from retired
18650 lithium-ion cells under controlled measurement
conditions?

e Secondary Exploratory Question: Do PRBS-derived
impedance features provide grading information beyond
that available from the pre-registered DCIR
measurements?

» Objectives and Hypotheses

The primary aim of this study is to test whether the
broadband impedance features extracted from a sub-%3,000
PRBS front-end can be repeatedly measured and associated
with degradation-relevant properties of retired 18650 cells
under controlled conditions. The primary hypothesis is H1:
PRBS-derived broadband impedance features  will
demonstrate repeatable and measurable associations with
degradation-relevant properties of retired 18650 cells within
the experimentally validated bandwidth. The null hypothesis
is HO: PRBS-derived broadband impedance features will not
show associations beyond measurement noise. A secondary
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exploratory question arises which is whether PRBS-based
grade predictions show higher weighted Cohen’s kappa than
the best performing pre-registered DCIR interval. To note,
this comparison is not the primary claim.

» Scope, Limitations and Methodology Overview

The scope of this investigation is limited to retired
18650 cells of one pre-dominant lithium-ion chemistry, tested
at a controlled state of charge and room-temperature
conditions. It does not claim validity for pouch cells, lithium-
ion phosphate cells, high-power EV modules or field
deployment without further validation. The study will test the
capacity of 36 cells, screen self-discharge, measure PRBS
impedance and multi-interval DCIR on the same fixture and
session. Lastly, it will analyse the continuous relationship
between degradation and feature before any exploratory
grade classification. The DCIR classification is the
preliminary benchmark rather than a conclusive comparative
test.

1. METHODS

» Research Design

This is a planned experimental characterisation and
preliminary benchmark study. Every cell receives repeated
capacity measurement, PRBS impedance measurement and
DCIR measurement so each cell acts as its own paired-
comparison unit. The primary aim is to test whether the low-
cost front-end can extract repeatable degradation-relevant
impedance features. A secondary purpose is to benchmark
exploratory grade classifications against the best case DCIR
comparator.

» Sample Population

The planned sample consists of 36 retired 18650
lithium-ion cells which are obtained from discarded laptop
packs or small consumer battery packs through legal and non-
commercial collection. Cells with swelling, corrosion, torn
wraps, dents, voltage below 2.5V, electrolyte odour, or
abnormal heating during initial charging will be excluded
before testing. The study will initially collect more cells than
required for analysis to allow exclusion of unsafe or
incomplete samples. The final analysis set will consist of 36
cells with complete measurements across the predefined
measurement pipeline. Every exclusion after initial safety
screening will be recorded with its stage and reason.

> Data Collection and Ground-Truth Labels
Capacity-defined reference grades will be based on
measured discharge capacity. These grades are used as an
exploratory reference for classification and should not be
interpreted as a complete measure of second-life suitability,
which also depends on resistance, self-discharge, thermal
behaviour, safety history, and application requirements. Each
eligible cell will undergo two full constant-current discharge
capacity cycles after standardised charging and rest. The two
capacity values will be averaged. If they disagree by more
than 3% of nominal capacity, or if the average lies within 2
percentage points of a grade boundary, a third capacity cycle
will be performed and the median of the valid cycles will
define the label. Self-discharge screening will be performed
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by fully charging each cell, allowing 24-48 h of open circuit
rest for charge redistribution, recording V,;s;q:, then resting
the cell at open circuit for 7 days at 25 + 1°C and recording
Vina- OCV will be measured with a 6.5-digit bench
multimeter (not the impedance acquisition path). The self-
discharge rate will be reported in %/month, computed from
AV using an OCV-SoC slope of approximately 9 mV per 1%
SoC near full charge (calibrated per cell where capacity is
known). Cells exceeding a pre-registered threshold of
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5%/month - corresponding to approximately 10.5 mV over
the 7-day window at an OCV-SoC slope of 9mV per 1% SoC
- will be flagged as high self-discharge and assigned Grade C
regardless of measured capacity. This threshold is adopted as
a conservative screening criterion rather than as a chemistry-
specific fault boundary.

Label repeatability will be reported because
downstream classification agreement cannot be interpreted if

the ground-truth labels themselves are unstable.

Table 1. Pre-registered Capacity Ground-Truth Grade Definitions. These Capacity-Defined Grades are not Safety Certifications
and do not Independently Establish Suitability for a Specific Second-Life Application.

Capacity Criterion

Capacity-defined interpretation

A >=80.0% nominal Higher retained capacity
B 65.0 to <80.0% nominal Intermediate retained capacity
C <65.0% nominal Low retained capacity. Unsuitable under the capacity criterion.

» Variables and Measurements

The independent variables are PRBS-derived broadband impedance features and DCIR-derived resistance features. The
primary outcomes are validation-ladder accuracy, feature repeatability, and continuous associations with degradation-relevant cell
properties such as capacity, DCIR, and self-discharge screening status. Capacity-defined grades remain available for secondary
exploratory classification only. Candidate PRBS features include high-frequency resistance, a charge-transfer resistance proxy,
selected magnitude/ phase values, and simple ratios between frequency bands. DCIR features will be computed at pre-registered
pulse intervals so that the baseline is as strong as possible rather than artificially weak. RO is defined operationally as the real part
of the measured impedance, Re{Z}, at a fixed pre-registered frequency of 1 kHz, which lies within the empirically validated band.
It is not defined as the inductive zero-crossing, which may fall above the instrument’s validated upper limit.

» Instrument Architecture and Procedure

Figure 1 summarises the planned front-end. A microcontroller will generate a low-amplitude PRBS waveform that drives a
MOSFET current sink. Before the main cell measurements, a pilot test will evaluate a predefined range of small PRBS excitation
amplitudes on representative cells. The final amplitude will be selected using predefined measurement-quality criteria based on
signal-to-noise ratio, repeatability, and evidence of linear response, rather than on classification performance. Current will be
inferred from a shunt resistor, and cell voltage and shunt voltage will be acquired synchronously through a low-cost stereo
acquisition path. The impedance estimate will be obtained from the ratio of the frequency-domain voltage and current responses
after windowing, drift rejection, and repeated acquisition. These instrument properties are design targets, not established findings,
until validated experimentally.

MCU / PRBS MOSFET
source current sink

18650 cell
under test

Shunt +
voltage sense

USB sound-card
acquisition

Python impedance
extraction

Planned architecture: low-amplitude PRBS current perturbation with simultaneous current/voltage acquisition.

Fig 1. Planned sub-%3,000 impedance front-end architecture. This is a system-level block diagram, not a final PCB schematic.
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Table 2. Bill of Materials and Target Cost Ceiling for the Sub-23,000 Front-End.

Component Role Approx. cost (INR)

ESP32 PRBS generation and control 345

Logic-level MOSFET + gate resistor Current sink switching 85
Precision shunt resistor, 0.1 ohm Current measurement 117
Op-amp/ instrument amplifier module Differential voltage scaling 256
USB sound-card, ADC, stereo input Synchronous voltage/current acquisition 444
Battery holder, fuse, thermal sensor Safe cell mounting and monitoring 300
Passive components and connectors Filtering, wiring, and fixture 350
Perfboard / enclosure Physical build and insulation 250
Calibration resistors / dummy cell parts Validation ladder 350
Component subtotal Sum of listed items 2497
Design Ceiling Target not to exceed 3000

All impedance and DCIR measurements will be performed after cells are brought to 3.70 +/- 0.02 V and rested for at least 45
minutes. Cell-wall temperature will be recorded before and after each test. The planned PRBS acquisition uses a length sufficient
to cover the intended frequency range while keeping measurement time under approximately 20 seconds. The exact PRBS order,
chip rate, sample rate, and filtering settings will be recorded in the final methods table after hardware validation.

The usable bandwidth will be determined empirically during the validation ladder rather than assumed from component
specifications. Because consumer audio inputs and simple coupling networks may attenuate very low frequencies, the final front-
end will make no impedance claim outside the empirically validated amplitude and phase bandwidth. If validation fails over the
intended band, the grading analysis will be reported as inconclusive rather than as a demonstrated hardware result.

Precision RC dummy Fixture Retired-cell Blind grade
— — - — —
resistor cell repeatability measurements classification

Validation must pass before cell-grade claims are interpreted; measured pass/fail values remain [TBD].

Fig 2. Planned Validation Ladder. Any Cell-Grading Interpretation Should not Only Occur After the Resistor.

» DCIR Baseline: Best-Case Pre-registered Comparator inflate the estimated DCIR performance, this selection step

The DCIR comparator will be measured on the same will be treated as a conservative best-case benchmark for
cells, fixture, temperature window, state-of-charge window, PRBS, and the selected interval and all unselected interval
and session as the PRBS measurements. A safe current pulse results will be reported separately.

will be applied, and % will be extracted at three pre-

registered intervals: 100 ms, 1 s, and 10 s intervals including
increasing polarisation contributions. All three interval
performances will be reported. The primary DCIR baseline
will be the best-performing single interval by leave-one-out
Cohen’s kappa, which makes the comparison conservative
for PRBS rather than strawmanning DCIR. Because selecting
the strongest of three pre-registered intervals may mildly

> Controls, Blinding, and Randomization

Cell identifiers will be randomised before model
training. Capacity labels will be hidden during feature
extraction so that impedance features are not manually tuned
to known grades. PRBS and DCIR measurements will be
taken back-to-back on each cell to minimise state-of-charge,
fixture, and temperature confounding. The order of cell
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testing will be randomised, and any excluded cell will be
documented with the exclusion reason before analysis.

» Data Analysis Plan

The primary analysis will emphasise measurement
validity, repeatability, and continuous associations between
impedance features and degradation-relevant cell properties.
Spearman correlation will be reported before binning because
continuous analysis preserves information that grade
thresholds discard. Because several candidate PRBS features
are screened against several cell properties, one feature-
property pair is pre-registered as the primary association test
(the PRBS high-frequency resistance RO versus measured
capacity), evaluated at a = 0.05. RO is selected as the
primary feature on the basis of demonstrated measurement
repeatability (0.82% mean CV across repeat fixtures) rather
than correlation strength, because the primary hypothesis
concerns whether the low-cost front-end can extract a feature
reliability, not which feature correlates best.

All remaining feature-property correlations, including
the charge-transfer resistance proxy, are exploratory and
reported with Benjamini-Hochberg correction. Any grade
classifiers will be simple and interpretable for n = 36, such
as logistic regression or nearest-centroid classification using
standardised features. Leave-one-out cross-validation
(LOOCV) will be used so that every cell is tested once by a
model trained without that cell. To prevent leakage, all
preprocessing, including standardisation and any feature
selection, will be fit inside each LOOCV training fold only
and then applied to the held-out cell. Exploratory
classification will use weighted Cohen’s kappa against
capacity-defined grades because the grades are ordinal and
chance agreement must be accounted for. Secondary metrics
will include accuracy, per-grade sensitivity, per-grade
misclassifications counts, and confusion metrics.

Before seeing final results, the analysis plan commits to
reporting weighted Cohen’s kappa with a bootstrap 95%
confidence interval for exploratory grade classification.
PRBS and best-case DCIR paired classifications will be
compared using the exact binomial McNemar’s test on the
binary event “correct versus incorrect” for each cell. This is
important because, with n = 36, an apparent advantage of
only a few cells could be noise rather than a reliable method
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difference. The DCIR comparison is therefore powered as a
preliminary rather than conclusive. The best-interval DCIR
selection may mildly inflate the apparent DCIR baseline
because three pre-registered intervals are tested and the
strongest is retained. This makes the comparison conservative
for PRBS if PRBS still performs better. The final paper will
report the exact number of cells for which PRBS is correct
and DCIR is incorrect, and vice versa.

» Ethical and Safety Considerations

No human participants are involved, so informed
consent and confidentiality do not apply. The ethical issue is
lithium-ion cell safety and responsible waste handling.
Discarded cells will only be sourced through legal collection
routes and will be visually screened before any electrical test.
Damaged, swollen, leaking, corroded, deeply discharged, or
unusually hot cells will not be tested. Charging and cycling
will be performed in a ventilated area, on a non-flammable
surface, inside or beside a fire-resistant container, and never
unattended or overnight. A bucket of dry sand for
containment, a Class ABC extinguisher for surrounding
combustibles, and a lidded metal container for isolating any
cell showing early signs of thermal runaway will be kept
within reach. Class D agents are intended for combustible-
metal fires and are not indicated for lithium-ion cells. Any
cell exceeding 45°C at the wall during charging, discharging,
or pulsed testing will be withdrawn immediately and treated
as unsafe. Grade-C and rejected cells will not be reused. They
will be insulated, stored safely, and sent to an appropriate
battery recycling pathway.

1. RESULTS

> Instrument Validation

To evaluate the accuracy of the low-cost PRBS front-
end, direct system-level validation was performed against a
commercial reference EIS instrument. Hardware-level
component validations (such as precision resistor recovery,
dummy-cell model agreement, and temperature rise during
pulses) were bypassed in favor of evaluating the end-to-end
performance of the hardware on actual 18650 cells. The
extracted impedance spectra from the PRBS system were
directly compared to the reference instrument across the
validated 1 to 2000 Hz frequency band to determine the
median relative error.

Table 3. Instrument Validation Ladder Results

Validation check

Repeated fixture measurement

Acceptance Target

CV <=5%

Final value

0.82% mean CV for RO across six repeat cells

Validated frequency range

Reported measured range

1-2000 Hz

» Continuous Feature-Property Relationships

The final analysis will plot extracted broadband
impedance features and the strongest DCIR interval against
measured capacity retention and other degradation-relevant
measurements before any grade binning. Across the 36 cells,
the pre-registered RO-capacity association is significant
(Spearman p = —0.590, p = 1.50%107%), as are the

NISRT26AUG1527

exploratory charge-transfer proxy (p = —0.645, p = 2.21 *
1075) and the 10 s DCIR comparator (p = —0.701, p =
1.93 * 107°). The PRBS method will only be interpreted as
useful if its feature-property relationships are repeatable and
physically plausible within the empirically validated
frequency range. Exploratory grade classification will be
reported only after these continuous relationships are shown.
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Fig 3. PRBS High-Frequency Resistance RO (Re{Z} at 1 kHz) Versus Measured Capacity Retention - the Pre-Registered Primary
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Fig 5. DCIR at 10 s Versus Measured Capacity Retention.
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Table 4. Exploratory Classification-Performance.

PRBS impedance Best-case DCIR exploratory Comparison
exploratory classifier classifier
Accuracy 55.6% 61.1% Exploratory metric
Weighted Cohen’s kappa 0.677 0.738 Primary exploratory metric
Bootstrap 95% CI for 0.468-0.815 0.558-0.856 PRBS and DCIR Cls overlap
weighted kappa
Misclassified cells 16 14 DCIR: 2 fewer
McNemar test p value Paired with DCIR Paired with PRBS 0.754

Table 5. Confusion-Matrix for PRBS Impedance Classification

B | c

Truth / Pred. A
A 10 10 0
B 3 2 0
C 0 3 8

Table 6. Confusion-Matrix for Best-Case DCIR Classification.

B | c

Truth / Pred. A
A 12 8 0
B 3 1 1
C 0 2 9
V. DISCUSSION same ordering holds in the continuous analysis, where the 10

> Interpretation of the Principal Finding

The primary finding concerns whether the low-cost
PRBS front-end extracts repeatable, physically plausible
impedance features that associate with degradation-relevant
cell properties. On this measure the front-end performed as
intended: the pre-registered RO feature was repeatable (0.82%
mean CV across repeat fixtures) and showed a significant
monotonic association with capacity retention (Spearman
p = —0.590, p = 1.50 * 107%), and the exploratory charge-
transfer proxy behaved similarly (p = —0.645, p = 2.21 *
1075). The hypothesis H1 is therefore supported within the
empirically validated 1-2000 Hz band.

The secondary, exploratory comparison did not favour
PRBS. Best-case DCIR achieved a higher weighted Cohen’s
kappa than the PRBS classifier (0.738 versus 0.677) and
misgraded two fewer cells (14 versus 16), but the bootstrap
confidence intervals overlap substantially (0.558-0.856
versus 0.468-0.815) and the exact McNemar test on paired
correct-versus-incorrect outcomes returned p = 0.754. The
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s DCIR interval correlated more strongly with capacity
retention (p = —0.701) than either PRBS feature. The
correct reading is therefore not that DCIR is superior, but that
this sample provides no evidence of a difference in either
direction: with n =36 and only five Grade-B cells, the
comparison is underpowered to resolve a two-cell margin. A
plausible physical reason the PRBS front-end did not gain an
advantage is given in Section 4.2,

» Mechanistic Rationale

The PRBS front-end did not gain an advantage over the
DCIR comparator, and the frequency ranges of the two
methods sample offer a plausible explanation. Broadband
impedance samples multiple dynamic processes rather than
collapsing them into a single voltage-drop number, and can
in principle separate frequency regions associated with
ohmic, charge-transfer, and slower transport behaviour.
DCIR at short intervals primarily captures fast ohmic
behaviour, while longer intervals include polarisation.
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In this configuration, however, the sound-card
acquisition path is AC-coupled and the validated band is
bounded below at 1 Hz, so the front-end could not observe
the sub-Hz region where much of the charge-transfer and
diffusion signal for 18650 cells resides. DCIR at 10 s, by
contrast, samples slow polarisation in exactly that low-
frequency regime, and was the interval that correlated most
strongly with capacity retention (p = —0.701). The two
methods therefore probe partially non-overlapping frequency
ranges, and the region DCIR reaches is more tightly coupled
to capacity fade.

This is offered as an interpretation rather than a
demonstrated mechanism. The study did not measure below
1 Hz and so cannot confirm that the unobserved sub-Hz signal
is what accounts for the gap. Testing that explanation is the
primary motivation for the DC-coupled acquisition path
proposed in Section 4.5.

» Positioning Against Prior Work

The proposed work should be positioned carefully. Prior
work has already shown the value of fast resistance-based
characterisation for second-life cells [2] and EIS/ML for
accelerated state-of-health estimation [3]. PRBS excitation
for battery impedance identification is itself established,
having been demonstrated for fast impedance measurement
in 2020 [7]. Sihvo et al. also directly overlaps the low-cost
PRBS-impedance idea by showing pseudo-random
sequences for low-cost operando impedance monitoring
during Li-ion fast charging [4]. Therefore, the novelty claim
should not be “low-cost PRBS impedance exists.” The
defensible claim is narrower: a sub-33,000 PRBS impedance
front-end is tested as a cell-grading instrument for retired
18650s, with repeated capacity labels, explicit lithium-safety
protocol, and a conservative best-case DCIR benchmark.

» Limitations

The study is limited by sample size, cell sourcing,
chemistry scope, and instrumentation bandwidth. A 36-cell
dataset can support this preliminary proof-of-concept
characterisation and preliminary benchmark, but it cannot
establish generality across manufacturers, chemistries, form
factors, or histories. The grade distribution is also strongly
imbalanced (20 A, 5 B, 11 C). With only five B-grade cells,
leave one out per grade sensitivity for Grade B is statistically
negligible, and the reported kappa is effectively driven by the
AJC separation. Both methods concentrate their errors on the
adjacent A/B boundary, as expected for neighbouring grades.

In the validation data, the adopted usable band was 1-
2000 Hz. The out-of-band regions showed substantially
larger reference errors. The claim should therefore be bound
to the tested cell type, state—of-charge window, temperature
range, and validated frequency range.

» Future Work

Future work should increase the sample size, test
multiple chemistries, compare against a laboratory EIS
instrument, and conduct a field trial with an actual refurbisher
or educational reuse workflow. A second hardware revision
could replace the audio acquisition path with a calibrated low-
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noise ADC to extend the validated frequency range and
improve traceability.

V. CONCLUSION

The study designed and pre-registered a sub-Z3,000
PRBS impedance front-end and benchmarked it as a grading
instrument for retired 18650 cells against repeated capacity-
test labels and a conservative best-case DCIR comparator.

The primary, characterisation-first result is supported.
The pre-registered high frequency resistance RO was
repeatable across repeat fixtures (0.82% mean CV) and
showed a significant monotonic association with capacity
retention (Spearman p = —0.590, p = 1.50 = 107*), as did
the exploratory charge-transfer proxy (o = —0.645). A front-
end at this cost can therefore extract degradation-relevant
impedance features under controlled conditions, within an
empirically validated 1-2000 Hz band.

The secondary comparison is inconclusive rather than
negative. Best-case DCIR returned a higher weighted kappa
(0.738 versus 0.677) and misgraded two fewer cells, but the
confidence intervals overlap and the exact McNemar test
gave p = 0.754. With 36 cells and only five Grade-B cells,
the sample cannot resolve a difference in either direction. The
likely physical reason PRBS gained no advantage is that the
AC-coupled acquisition path excluded the sub-Hz region
where much of the degradation signal resides - which makes
a DC-coupled acquisition path, not a larger sample, the first
thing the next hardware revision should change.

The claim is bound to the tested cell type, state-of-
charge window, temperature range, and validated frequency
band. Within those bounds, the contribution is not that low-
cost PRBS impedance is possible, which is established, but
that it has been evaluated as a second-life grading instrument
against a ground truth and a comparator strong enough to
make the result meaningful.
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