Quality-Controlled Field Analysis: 3 November 2026

WiT-CPV experimental analysis

Reproducible analysis of log_2026-11-03.txt. Generated with analyze_2026_11_03.py. The fol-
lowing subsection is provided as a standalone insertion for the manuscript; the principal article has not
been modified.

1 Field Evaluation

1.1 Quality-Controlled Outdoor Evaluation on 3 November 2026

Acquisition quality and shunt intervention The firmware 1.1.3-ws record contains 3429 coordi-
nate/electrical observations between 10:44:20 and 15:40:42 on 3 November 2026. Times are the local log
clock; the file does not encode a time zone. Initial commissioning includes manual coordinate changes
and parameter commands. Observations before 10:56:04, the logged initial sampling-delay configura-
tion, are conservatively marked as setup. Subsequent controller parameter changes through 11:41:03
are retained and disclosed; the pre-intervention segment is not a fixed-parameter benchmark.

The experimenter reported adding a second resistor in parallel with the 260 m(2 current shunt,
reducing its nominal resistance to 130 mf). The exact soldering time is not recorded. The change is
assigned to the unobserved interval between 12:38:07 and 12:46:01 (474 s), supported by the reset of
the uptime/counter and the approximately halved current-channel codes after the gap, while irradiance
remains comparable. No sample is assigned an invented intervention timestamp inside this interval. The
first returned observations, including reacquisition at low current, are retained rather than discarded
to improve performance.

The current channel reaches the positive ADC rail of 8,388,607 counts in 334 observations, from
11:36:55 to 12:35:37. Clipped values provide only lower bounds on current; they cannot be restored by
multiplying the trace or changing the shunt calibration. A conservative 99%-of-rail guard additionally
excludes near-rail current observations (24 beyond the clipped set). The audit CSV retains all obser-
vations, original ADC codes, source line numbers, the applicable nominal shunt value and nonexclusive
quality flags; rejected current/power estimates are blank. An explicit integrate_from_previous col-
umn marks usable full-record integration edges; additional window filtering must still require both end-
points inside the chosen window. The companion curated text log contains accepted raw observations
only, with calibration metadata, and is not suitable for a legacy single-shunt converter. Low-output,
cloud/standby and later drift-correction periods are not removed solely for poor performance.

Calibration and modeled electrical output Using signed 24-bit codes C', V and P, positive full
scale D = 8,388,607, and the 2.048-V reference, the offline conversions are
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Here I . isin A, V. in V, G in Wm™2, and R, is 0.260 € before the intervention gap and 0.130 Q after
it. The factor 20 is the external current-amplifier gain; the factor 2 accounts for the open-circuit voltage
divider. The pyranometer scale is 0.2 mV /(W m~2), not the obsolete divisor 2.0. The corresponding



nominal current full scales are 393.85 and 787.69 mA. This is an offline calibration correction, not a
modification of the firmware or of the control decisions actually made during the experiment. The
log’s firmware irradiance diagnostics remain on a different scale: at 10:51:15 the recorded P = 689473
converts to approximately 842 W m~2, whereas the accompanying auto-start message reports 84 Wm™2.
Thus, logged firmware irradiance thresholds and standby messages must not be interpreted directly on
the corrected offline axis. Correcting the exported irradiance does not retroactively correct those
control decisions. A nominal firmware threshold of 10 Wm™2 therefore corresponds to approximately
100 Wm™2 on the corrected axis. The primary evaluation includes returned low-light observations even
when the controller is in standby.
Electrical output is estimated as

Pupp = Vol (o FF,  FF =0.82. (2)

The fixed fill factor follows the manuscript model, not a new outdoor I-V measurement. Since the
device alternates open- and short-circuit sensing, this quantity estimates available MPP power under
approximately unchanged conditions across the sampling cycle; it is not measured power delivered to a
load or harvested energy. Fast irradiance changes can violate that approximation. No cell-temperature,
spectral-mismatch or fill-factor correction is inferred from this log.

With lens aperture Ay, = 0.002497 m?, the aperture-referenced estimate is
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This describes the combined lens/receiver system relative to the measured pyranometric irradiance.
It is not intrinsic cell conversion efficiency: separating the cell requires the optical power incident on
its active area (or validated optical throughput), which was not recorded. The pyranometer’s global
irradiance is not a direct-normal irradiance measurement and includes diffuse light that the concentrator
may not collect. Reference-sensor alignment, incidence geometry and optical losses therefore remain
part of this estimate.

Accepted integration support and tracking indicators All energy, irradiation and reference-
power integrals use the same adjacent accepted illuminated observations (G > 50 W m~2). An interval
is included only if both endpoints are accepted, its duration is at most 15 s, the shunt does not change
and uptime does not decrease. Trapezoidal integration never bridges rejected rows, reboots or long
missing intervals. The tabulated duration is the sum of included intervals, not the elapsed window
length. Unobserved or clipped periods are neither zero-filled nor reconstructed; the all-segments result
is not a full-session energy estimate. In particular, selecting only unclipped pre-change points prefer-
entially removes high-current periods and biases that subset; it cannot establish a causal performance
improvement from the resistor intervention.

For comparison with the manuscript’s responsivity approach, an empirical same-record reference is

defined by

Rit = max _ (Is/G) =0.0004651 Am?> W', Pus = RuetGVo o FF. (4)
accepted, G>50

The empirical tracking indicator is 7y, = 100 [ ﬁMppdt/ S Piosdt on the same accepted support. It is
an internal relative-yield benchmark, not independently validated ideal alignment efficiency or angular
pointing accuracy. Irradiance geometry, temperature, spectrum and electrical offsets can also change
Is./G. The reference reuses the measured V., so it does not independently quantify voltage losses
relative to a perfectly aligned receiver. No astronomical-angle accuracy or unambiguous cloud-recovery
time is claimed. Replacing the maximum by the 99th-percentile responsivity (0.0004567 A m? W—1!)



provides a reference sensitivity check; the resulting ratio is not clipped to 100% and is not a strict
ceiling,.

Two sample-occupancy measures are kept separate: (i) Ise > 0.815. max within each specified window,
and (ii) (Isc/G)/Ryet > 0.8 using the common reference. Both use accepted illuminated samples as their
denominator, unlike the October criterion whose denominator includes every observation in its selected
window. Neither is interchangeable with energy-based tracking efficiency.

Table 1: Results on accepted illuminated integration support. Energy and aperture efficiency are
FF-based estimates; tracking efficiency uses a same-record empirical reference. Missing and clipped
intervals are not integrated.

Window Samples Hours E [Wh] Nap,e (0] T [%]
All accepted segments 2921  4.034 2.067 27.31 79.80
Before change (unclipped only) 836  1.144 0.659 25.32  70.63
After change (all illuminated) 2085  2.890 1.408 28.34  84.97
Fixed hour, 13:00-14:00 714 0.989 0.746 30.67 89.62

Post-intervention results and limitations The primary post-change evaluation retains the entire
returned record, 12:46:01-15:40:42, including the late low-output period. It contains 2085 accepted
illuminated samples and 2.890 h of integrated support (99.27% of its elapsed span). The estimated
electrical energy is 1.408 Wh for 1.989 kWhm™2 of irradiation on that support, giving 28.34% energy-
weighted aperture efficiency. Peak current is 477.6 mA, and peak modeled power is 0.891 W; maxima of
different variables need not be simultaneous. At the modeled power peak (12:53:11), the simultaneous
log record gives I,. = 477.6 mA, V,. = 2.274 V and G = 1027.9 Wm~2. The median instantaneous
aperture estimate is 28.70%, and its peak is 34.70%, neither being a daily efficiency. The empirical
tracking ratio is 84.97%, with a sample-mean absolute power deviation of 86.4 mW from the internal
reference. The 99th-percentile reference changes this ratio to 86.54%. Current-threshold and irradiance-
normalized on-target sample fractions are 37.31% and 58.94%, respectively; the corresponding endpoint-
interpolated time fractions are 37.34% and 59.02% on accepted intervals.

For a conventional fixed one-hour comparison rather than an automatically selected best interval,
13:00-14:00 gives 30.67% aperture efficiency and 89.62% empirical tracking efficiency, with 0.746 Wh
over (0.989 h of integrated support. This favourable subset must not replace the full post-change result.
The pre-change unclipped subset has only 67.28% valid interval coverage of its elapsed span and is
reported for audit, not as an unbiased control experiment.

Sampled coordinate differences on post-change accepted illuminated intervals total 656,576 X steps
and 643,068 Y steps. With the manuscript’s bench costs (1.2 W and 2.5 W at approximately 6000
commanded steps/s), the corresponding sampled-motion estimate is 0.1109 Wh. The independently
differenced TEL counter contributes 1,293,457 fine-tune steps on intervals fully covered by accepted
coordinate runs. TEL does not count all motion. Sparse coordinate differences can miss intermediate
reversals; neither count measures total motor/board consumption, and a total parasitic ratio or net
electrical yield cannot be inferred. There are 2 logged F5 corrections in the elapsed post-change span,
including low-light operation outside some integration support.

All estimated powers, energies and aperture efficiencies scale linearly with the assumed F'F: multiply
by F'F’/0.82 for another assumption. A common constant F'F' cancels from the tracking ratio. No
statistical or calibration confidence interval is assigned without resistance tolerances, reference-sensor
uncertainty and outdoor I-V data. Results at 10-, 15-, 30- and 60-s maximum integration gaps are
exported as a gap-policy sensitivity check.



3 November 2026: acquisition quality and piecewise shunt calibration
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Figure 1: Quality control and piecewise current calibration on 3 November 2026. Red marks identify
ADC-clipped observations, not recovered measurements. The shaded interval brackets the unobserved
260-t0-130-mf2 shunt intervention. Accepted low-output observations remain in the record.



Post-change performance, including the late low-output period
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Figure 2: Post-intervention modeled MPP power, same-record normalized current response and lens-
aperture-referenced efficiency. F'F = 0.82 and Ay, = 0.002497 m? are assumed. The late low-output
period is retained; these are not direct load-power or intrinsic-cell-efficiency measurements.



Irradiance-normalized response 15-minute bins; illuminated samples
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Figure 3: Post-change current versus irradiance (colour encodes log time), and occupancy of the 80%-
of-reference responsivity criterion in 15-min bins. Only accepted observations with G' > 50 Wm™?2
enter the sample denominator; the reference is the maximum accepted responsivity of the same record.



