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ABSTRACT
Compact multi-spectral sensors present a cost-effective solution for portable light measurement, yet their radiometric accuracy and spectral
reconstruction capabilities remain under-characterised compared to laboratory-grade spectroradiometers. This study presents a systematic
method for evaluating and calibrating a commercial sensor with a discrete set of spectral channels. The absolute radiometric responsivity
was characterized using both laboratory-standard and readily accessible illumination sources, thereby demonstrating that the calibration is
independent of the particular light source. Furthermore, the spectral power distribution reconstruction was evaluated under various illumination
conditions, correctly estimating radiometric and photometric quantities for visual and non-visual systems. The results also show that increasing
the number of spectral channels improves reconstruction accuracy primarily when the channels are well distributed over the spectral range, while
additional overlapping bands provide only marginal benefits. This work is a step towards unified methodologies and infrastructure for standardised
measurement tools and reproducible calibration.
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1. INTRODUCTION

In recent years, the demand for accurate measurements of both
light intensity and spectral composition has expanded rapidly
across a variety of scientific, biomedical, well-being and techno-
logical domains. To name a few examples, it has been used for
wearable health sensors [1]–[3], distributed environmental monit-
oring [4]–[8], precision agriculture [9]–[14], portable diagnostic
devices [15]–[18]. This expanding demand is closely related to
the availability of emerging low-cost, miniaturised light-sensing
technologies, which have enabled the integration of optical meas-
urements into a broadening set of scientific and industrial applic-
ations.

In fact, traditional high-end devices (e.g., spectrophotometers,
spectroradiometers) are designed to characterise light with excep-
tional precision, combining accurate reconstruction of the Spec-
tral Power Distribution (SPD) and reliable radiometric intensity
measurements. Despite the performance, these devices tend to be
bulky and expensive, require careful calibration, controlled condi-
tions, and depend on wall power. These characteristics make them

rarely suited for continuous, distributed, or wearable measure-
ment, where miniaturisation, low cost, portability, and robustness
are required.

Compact multi-spectral sensors have gained increasing atten-
tion as low-cost alternatives to traditional spectrometers [7], [19],
[20]. These devices integrate interference filters directly on silicon,
providing a small number of fixed spectral bands, varying from
3 channels (S9032 from Hamamatsu) to 18 channels (AS7265x
from OSRAM). These sensors can also vary in dimension, usually
a couple of millimeters for the sensor alone, and price, from a few
dollars to hundreds. Although inexpensive and highly portable,
they exhibit complex spectral responses and non-uniform sens-
itivities across illumination levels. Moreover, their performance
depends strongly on their configuration and usage, namely in-
tegration time and digital gain. These factors create the need for
accurate calibrations to enable their practical use, like accurate
SPD reconstruction and the measurement of radiant power or
illumination [6]–[8], [20]–[23].

To contextualize, this need for robust calibration is under-
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scored by recent expert consensus highlighting critical gaps in
the field of light metrology [2], [3], [20]–[22], [24], [25]. As
detailed by Spitschan and colleagues, the current landscape of
ocular light and optical radiation exposure research is fragmen-
ted, lacking standardised measurement tools and reproducible
calibration protocols. Furthermore, the consensus identifies signi-
ficant deficiencies in the collection of contextual information. For
instance, direct measurement of gaze direction has been shown
to yield rich information about the visual content reaching the
retinas, including fixation distance [26], retinal blur [27], and the
spatio-temporal characteristics of the viewed environment [28].
Accordingly, comparable benefits are anticipated for understand-
ing the spatial distribution of light. Another critical point in this
research field is the lack of standardised outcome measures and
data-logging strategies [24]. This lack of unified methodologies
and infrastructure complicates data harmonisation and obstructs
the comparability of results across studies.

In this context, a calibration method that allows to use a single
multi-channel sensor to contextually obtain different measures,
from an accurate reconstruction of the SPD, to reliable radiomet-
ric intensity measurements, is proposed. Unlike conventional
methods that rely on monochromators, tunable sources, or highly
stable laboratory lamps [29], the proposed approach takes advant-
age of a generalising calibration procedure that can be obtained
using readily available natural or commercial light sources. This
not only reduces the barrier to adoption but also supports field
calibration and re-calibration, an increasingly important require-
ment for mobile, wearable, and distributed sensing platforms.

In detail, this study will focus on the following elements:
- the development of a mathematically grounded calibration

method compatible with compact sensors characterised by
broad or overlapping spectral responsivities [30]–[32],

- An evaluation of the accuracy and stability of the method
across different sensor configurations, but also light sources,
intensities, and environmental conditions,

- the demonstration of applicability in real cases of both spec-
tral reconstruction and quantitative irradiance estimation,
enabling the computation of radiometric, photometric, and
biologically relevant light metrics,

- demonstration of the robustness and adaptability of the cal-
ibration procedure by performing it with a readily available
natural or commercial light source,

- considerations for practical deployment, including sensor
constraints, noise sources, and the feasibility of natural-light
calibration workflows.

In summary, the proposed methodology aims to clarify the
achievable accuracy and limitations of low-cost multi-spectral
sensors, as well as to provide practical guidelines for their integra-
tion into sensing and measurement systems.

2. RELATED WORKS

Several approaches have been proposed in the literature to
reconstruct the Spectral Power Distribution (SPD) using compact
multi-spectral sensors.

Some works have focused on high-performance compact or
miniature spectrometers, which offer higher spectral resolution
at substantially higher cost, like C12666MA and C10988MA-
1 (Hamamatsu Photonics K.K., Hamamatsu City, Japan). Mo-
hamed et al. [21] used a device based on the C12666MA to develop
a spectral sensor for measuring daily light exposure. Their system
was calibrated it with a Konica Minolta CL-500A (Konica Min-
olta, Inc., Tokyo, Japan) spectroradiometer while compensating
for nonlinearities in integration time and stray light. Gibertoni et

al. [23] used the C10988MA-1 for the radiometric calibration in
ophthalmic systems, for delivering a controlled multi-wavelength
stimulation. Although these miniature spectrometers provide ex-
cellent accuracy, their cost, typically several hundred euros, limits
their suitability for low-cost sensing or embedded applications.

Stampfli et al. [22] applied a similar approach to the HOBO
UA-002-64 (Onset, Bourne MA, USA) device, using a Specbos
spectroradiometer as a reference instrument. Their calibration
method achieved a relative error below 5% in illuminance meas-
urements, demonstrating the feasibility of cost-effective light-
intensity sensing through regression-based compensation.

Amirazar et al. [20] employed an AS7265X (ams-OSRAM AG,
Premstaetten, Austria) sensor calibrated using multiple reference
light sources (LEDs, daylight, incandescent and fluorescent lamps)
together with a WaveGO spectrometer and an integrating sphere.
Weighting factors for each visible channel were optimised to fit
the reference SPD, and then used an artificial neural network to
reconstruct the spectrum over a [380,780] nm range, achieving
an error below 17%.

Gibaldi et al. [29] developed a head-mounted system to collect
statistics of visual experience in children, for evaluating environ-
mental risk factors for myopia. For light sensing they used the
AS7262, and they calibrated it using a monochomator creating
narrow-band light in 10 nm steps from 380 to 780 nm, verified
against a Photo Research PR-650 SpectraScan Colorimeter.

Mohammadian et al. [25] calibrated an AS7341 sensor using
combined violet and white LED sources filtered through select-
able band-pass filters, with a SpectroCAL MKII spectrometer
(Cambridge Research Systems Ltd., Rochester, UK) serving as
reference, reporting overall errors below 15%.

Myland et al. [7] used the AS7341 sensor for real-time monitor-
ing of indoor lighting to allow for a dynamic tuning of light quality
to maintain optimal or intended conditions. Specifically, they
trained a convolutional neural network to obtain a reconstruction
of the SPD. The dataset was obtained collecting real-world indoor
data with the AS7341 against a small spectro-radiometer (CSS45,
Gigahertz Optik GmbH, 82299 Tuerkenfeld, Ge), used as ground
truth. Despite the high accuracy in reconstructing the SPD (aver-
age of 2.7%), this approach is implicitly prone to classification
errors, thus misrepresenting the actual spectrum.

Kristiansen et al. [8] used AS7265x multi-spectral sensor, en-
dowed with 21 channels, to monitor the spectral composition of
light in indoor environments. Their calibration was performed
using wide and narrow band light sources against a GL Spectis 1.0
Touch spectroradiometer, achieving an average spectral accuracy
of 9.3%. The rigorous and effective method comes to the price
of the requirement of a controlled and high-end setup, e.g. the
Abet Technologies Sun 2000 to simulate natural light from the
sun.

Overall, existing studies demonstrate the potential of both
multi-spectral sensors and compact spectrometers for SPD es-
timation. However, several limitations remain. First, calibration
procedures are often specific to a single device or illumination
condition, limiting reproducibility. Second, comparisons across
sensors with different numbers of channels are scarce. Third, few
works evaluate performance under both controlled laboratory
conditions and realistic outdoor or indoor illumination.

3. MATERIALS AND METHODS

Multi-channel spectrometers excel at capturing relative spectral
variations; however, they inherently lack the capability for direct
absolute intensity measurement. To enable accurate radiomet-
ric quantification, a rigorous calibration procedure is essential.
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In this work, two specific experiments to characterise the beha-
vior of these devices are presented: Experiment 1 (Section 3.4.)
investigates channel stability as a function of internal analog gain
and integration time, aiming to identify the optimal strategy for
dynamic range adjustment; Experiment 2 (Section 3.5.) focuses
on quantifying absolute radiometric sensitivity across varying
irradiance levels.

3.1. Multi-spectral sensors under test

Three compact multi-spectral sensors from ams OSRAM were
evaluated in this study: the AS7262, the AS7341, and the AS7343.
All devices integrate nano–optic interference filters directly on
CMOS silicon, have six built-in 16 bit ADC and provide di-
gital output via an I2C interface, enabling low-power and small-
footprint spectral measurements suitable for wearable, compact
and portable instrumentation.

The AS7262 is a 6-channel visible spectral sensor providing
narrowband responses at approximately 450, 500, 550, 570, 600,
and 650 nm [30].

The AS7341 is an 11-channel sensor covering roughly
[350,1000] nm [31]. It includes eight visible channels, one NIR
channel, one clear channel, and a dedicated flicker channel for
ambient-light modulation detection. Only the visible and clear
channels were used in this work.

The AS7343 is a 14-channel device featuring eleven visible
bands, one NIR channel, one visible channel and one flicker chan-
nel [32]. Compared with the AS7341, it offers denser sampling
of the visible range and improved sensitivity, enabling more ac-
curate spectral reconstruction and more robust operation under
low-light conditions.

All sensors were tested using commercially available break-
out boards (AS7262 and AS7341 from Adafruit; AS7343 from
Pimoroni), which provide stable mechanical mounting, integ-
rated voltage regulation and level shifting. The boards were inter-
faced to an ESP32-S3 microcontroller board via I2C. Raw channel
counts, gain values and integration times were streamed to a host
computer for offline calibration and analysis.

Even if this analysis has been carried on for the three specified
sensors, the calibration process has been devised to be general
reproducible on other multi-channel spectrometers.

3.2. Optical sources, filtering and reference instruments

A diverse set of broadband optical sources was employed
throughout the experiments to cover a wide range of spectral
profiles. All selected emitters provide wide spectral coverage in
the visible range.

The primary calibrated broadband source was the SLS401
xenon short-arc lamp (Thorlabs Inc., Newton, NJ, USA), spe-
cified for the [240,2400] nm range with a colour temperature
of 5800K and typical output power above 1.3W. The lamp of-
fers power stability better than 0.3% over one hour and a typical
drift of 0.1% per hour after warm-up, and includes an internal
collimation stage producing a 35mm diameter free-space beam.

Two tungsten–halogen lamps from the HL-2000 series (Ocean
Optics, Largo, FL, USA) [33] were used to provide additional
broadband visible spectra:

- HL-2000-FHSA, a long-lifetime 7W halogen lamp (typical
output 4.5mW, 2800K).

- HL-2000-HP, a high-power 20W halogen lamp (typical
output 8.8mW, 3000K).

Both lamps cover the [360,2400] nm range and exhibit output
stability better than 0.25% peak-to-peak and drift below 0.1%
per hour after warm-up.

A white high-power LED (XLamp MX-6, model MX6AWT-
A1-0000-0009E8; Cree LED, Durham, NC, USA) [34] was also
employed as an additional broadband illuminant. In particular, it
includes multiple internal emitters (blue, green and red), resulting
in a combined broadband output.

The HL-2000-FHSA, HL-2000-HP and MX-6 LED sources
were coupled to a collimating optics stage (achromatic lens and
adjustable aperture) to obtain a quasi-uniform beam at the sensor
plane. In all cases, the beam diameter at the sensor plane was set
larger than the active aperture of the sensors to minimise alignment
sensitivity.

All optical sources were filtered using an FGS900H KG3
colored-glass bandpass filter ([315,710] nm; Thorlabs Inc., New-
ton, NJ, USA) [35]. This filter was employed to restrict the in-
cident beam to the visible range and suppress near-infrared com-
ponents, ensuring consistent spectral integration between the
broadband reference instruments and the visible-light sensors. It is
worth noting that for standalone applications of the multi-spectral
sensors, this additional filtration is not strictly necessary, as the
individual channels are designed to be insensitive to wavelengths
outside their target bands. For the SLS401 source, additional irra-
diance levels were produced using step variable neutral-density
filter (model NDC-50S-1 - Step Variable ND Filter, Ø50 mm,
OD: 0.04-1.0 ; Thorlabs Inc., Newton, NJ, USA) [36].

Two calibrated instruments provided spectral and radiometric
reference measurements:

- Qmini AFBR-S20M2WU spectrometer (Broadcom Inc.,
San José, CA, USA), covering [225,1000] nm [37].

- PM16-130 optical power meter (Thorlabs Inc., Newton, NJ,
USA) [38], used to measure the total irradiant optical power.

Spectrometer and power-meter readings were combined to
obtain the absolute spectral irradiance at the sensor plane for each
calibration condition.

Table 1 summarises the full set of optical configurations em-
ployed in the calibration campaign.
Table 1. Overview of optical configurations used in the two experiments.

Config Source Optical filtering Notes

C1 SLS401 (xenon) FGS900H
Reference
irradiance

C2 SLS401 (xenon)
FGS900H +
ND 0.04

Reduced level 1

C3 SLS401 (xenon)
FGS900H +
ND 0.1

Reduced level 2

C4 SLS401 (xenon)
FGS900H +
ND 0.2

Reduced level 3

C5 SLS401 (xenon)
FGS900H +
ND 0.3

Reduced level 4

C6 SLS401 (xenon)
FGS900H +
ND 0.4

Reduced level 5

C7 SLS401 (xenon)
FGS900H +
ND 0.5

Reduced level 6

C8 SLS401 (xenon)
FGS900H +
ND 0.6

Reduced level 8

C9 HL-2000-FHSA FGS900H
Broadband
halogen, lower
output

C10 HL-2000-HP FGS900H
Broadband
halogen, higher
output

C11 MX-6 LED FGS900H Broadband LED
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Figure 1. Optical setup used for experiments 1 and 2. A xenon, halogen or LED
source illuminates the detector plane from a distance ds = 60mm, through ND
filters (optional) and the FGS900H visible filter. Halogen and LED sources are
collimated externally, whereas the SLS401 provides a factory-collimated output.
For each configuration (C1–C11 in Table 1), a single sensing element (AS7262,
AS7341, AS7343, Qmini, or PM16-130) was placed at the same physical location
on the optical table, replacing the previous detector while source and optics
remained fixed.

3.3. Mechanical arrangement and common optical setup

All measurements were performed on a rigid metric optical
table that ensured reproducible alignment of the light source, fil-
ters, collimation optics and detector plane. The distance between
the output of the source and the measurement plane, denoted as
ds in Figure 1, was fixed to 600mm for all calibration configura-
tions.

Each sensing element—the three multispectral sensors, the
spectrometer fiber, and the power-meter detector—was placed
individually in the same measurement position. For every optical
configuration (C1 to C11; see Table 1), one detector at a time was
mounted in that fixed location on the optical bench, replacing
the previous one while the source, filters, and collimating optics
remained unchanged. This procedure ensured that all devices
sampled the same portion of the beam, under identical geometric
and radiometric conditions.

The AS7262, AS7341, AS7343, the Qmini spectrometer and
the PM16-130 detector head were all referenced to the same meas-
urement plane, with the entrance apertures positioned within a
few millimetres of one another. Each device was oriented ortho-
gonally to the incoming beam to minimise angular-dependence
artefacts.

A schematic of the optical setup used for experiments 1 and 2
is shown in Fig. 1. The diagram illustrates the fixed positions of
the source, filters and optics, and the interchangeable position
where each sensing element was sequentially mounted.

3.4. Experiment 1: channel stability vs gain and integration time

Since the firmware of each sensor allows for different possible
configurations in terms of gain (G) and integration time (tint),
the first experiment evaluated the stability of each spectral chan-
nel when varying sensor configuration under fixed illumination.

Refers to Table 2 for combination of G and tint used for each
sensor and each optical configuration (C1–C11 in Table 1). For
every combination of source, G and tint, twenty repeated meas-
urements were recorded for each channel to reduce noise.

Only samples producing a raw count between 10% and 80%
of the full-scale (FS) range were retained to ensure operation
within the linear region of the ADC, so some pairs reported in
Table 2 have been removed from the analysis. Only measurements
yielding raw counts between 10% and 80% of the full-scale (FS)
range were retained. Values below approximately 10% FS are
dominated by quantisation noise, dark-count variability, and in-
stabilities in the internal analog chain, whereas values above 80%
FS may exhibit compressive non-linearity and soft saturation of
the ADC. Restricting the analysis to this interval ensures that
all channels operate within their most linear and repeatable re-
gion, in line with previous work showing that both low-end and
near-saturated readings introduce substantial non-linearity and
uncertainty [6], [24]. For this reason, some gain/integration-time
combinations listed in Table 2 were excluded from the analysis
when their corresponding measurements fell outside this valid
operating range.
Table 2. Gain and integration-time settings used in Experiment 1 to check for
variability in the measurement. Integration times are expressed in milliseconds.

Sensor Gain values Integration times (ms)

AS7262 1, 3.7, 16, 64
5, 10, 15, 20, 30, 40, 50, 75,
100, 150, 200

AS7341
0.5, 1, 2, 4, 8, 16,
32, 64, 128, 256,
512

5, 10, 15, 20, 30, 40, 50, 75,
100, 150, 200

AS7343
0.5, 1, 2, 4, 8, 16,
32, 64, 128, 256,
512, 1024, 2048

5, 10, 15, 20, 30, 40, 50, 75,
100, 150, 200

To compare the responses obtained under different acquisi-
tion parameters, each raw count c was first normalised by the
corresponding gain and integration time

c̃ =
c

G tint
. (1)

since under ideal operating conditions, and with the source
held constant, altering the internal configuration of the sensor
should produce a linear change in its response.

Within each optical configuration (C1–C11), channels nat-
urally exhibit different absolute responses due to their spectral
sensitivities and the shape of the illumination spectrum. To re-
move these differences, the normalised measurements from each
channel were further normalised by the mean value of that chan-
nel within the same configuration. This produced dimensionless
values centered around 1 for each channel in every configuration,
allowing direct comparison across all gain and integration times
and across all illuminations.

After this two-stage normalisation, the measurements from all
configurations were first compared separately by gain and by integ-
ration time, yielding two distinct sets of data: the first captures the
sensor behavior with fixed gain while varying the integration time,
and the second does the reverse. In this way, measurements from
different configurations become comparable; To isolate random
noise and exclude transient artefacts, a Z-score outlier detection
method was applied to the raw counts. Measurements exhibiting
a Z-score greater than 1 were excluded from the analysis to ensure
a strict quality threshold for calibration data. Then, for each con-
figuration, sensor and channel, the Coefficient of Variation (CV)
has been extracted over the entire range of gains G (Eq. 2, N is
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the number of measures at each gain, which corresponds to the el-
even possible integration times) and integration times tint (Eq. 3,
M is the number of measures at each tint, which corresponds to
the number of possible gain, four for the AS7262 sensor, eleven
for the AS7341 and AS7343). This coefficient is defined as the
Standard Deviation (σc̃) divided over the mean reading (µc̃), for
each channel.

CV (tint)
∣∣
ch=x

=
σc̃

µc̃
=

√
1

N−1

∑N
i=1(c̃i − µc̃)2

1
N

∑N
i=1 c̃i

(2)

CV (G)
∣∣
ch=x

=
σc̃

µc̃
=

√
1

M−1

∑M
i=1(c̃i − µc̃)2

1
M

∑M
i=1 c̃i

(3)

C̃V (tint) =
1

C

C∑
x=1

CV (tint)
∣∣
ch=x

C̃V (G) =
1

C

C∑
x=1

CV (G))
∣∣
ch=x

(4)

where C̃V represent the Coefficient of Variation averaged over
the number of channels C .

3.5. Experiment 2: Calibration of absolute radiometric sensitivity in
Lab setup

The second experiment estimated the absolute radiometric
sensitivity of each channel using the SLS401 source at eight dif-
ferent irradiance levels (C1–C8, denoted as Dataset 1). In this
case, Xenon arc lamp provided the most uniform broadband illu-
mination across the whole visible range, thus improving measure
accuracy. It is worth noting that alternative broadband sources
can also be employed in this procedure, as long as they emit sub-
stantial light across all spectral bands of interest. For each level
of illumination, the spectral irradiance E(λ) at the sensor plane
was obtained as follows:

1) The Qmini spectrometer measured the dimensionless spec-
tral distribution of the beam at the position of the sensor
plane.

2) The PM16-130 power meter measured the current gen-
erated by the incident light, which is then converted to
irradiance (W/m2) using its internal responsivity and the
area of the sensing element.

3) The spectral distribution was scaled so that its integral
over wavelength equaled the reading of the power-meter
divided by the collection area, producing spectral irradiance
(W/(m2 · nm)).

For each sensor, the datasheets [30]–[32] specify the spec-
tral sensitivity of every channel i, modeled as a Gaussian profile
characterized by a central wavelength λ and a Full Width at Half
Maximum (FWHM). The datasheets also include an example of
the typical response to a given spectrum, but this is a qualitative
functioning example and cannot be taken as a reliable reference
for the absolute responsivity of the channels. Therefore, to de-
termine the effective optical power incident on each channel, this
process relied solely on the nominal spectral responsivity curve
Si(λ) provided in the respective datasheet:

Pi =

∫ λmax

λmin

E(λ)Si(λ) dλ (5)

expressed in W/m2, where the integration limits were restricted
to the visible range (typically [380,780] nm).

For each irradiance level and channel, the gain/IT-scaled counts
c̃i were computed as in Eq. 1. A quadratic model

c̃i = ai P
2
i + bi Pi + di (6)

was then fitted by least squares over the four irradiance levels,
where the coefficients ai and bi represents the sensitivity of chan-
nel i based on the irradiance level Pi, and di accounts for residual
offsets and dark counts. The fitted coefficients were used to scale
the nominal spectral responsivity curves and to reconstruct the
spectral irradiance for each channel. The quadratic fit was chosen
over the linear fit because it yields a substantially higher coefficient
of determination (R2).

3.5.1. Spectral reconstruction model

Following channel-wise sensitivity correction, the discrete set
of n measures, being n the number of spectral channel, must be
used to reconstruct the SPD of the incident light. A straightfor-
ward approach involves summing the Gaussian response profiles
of all channels. However, due to overlap between adjacent chan-
nels, this method is likely to result in an overestimation of spectral
power and yield inaccurate measurements, especially in high dens-
ity channels (like the AS7343). A more refined strategy entails
avoiding double-counting in regions of overlap, by considering
only the most sensitive channel for each wavelength of the con-
sidered spectrum. While this approach mitigates overestimation, it
can introduce gaps in the reconstructed spectrum, particularly for
spectrometers with lower channel density (such as the AS7262)
where spectral intervals between channels may remain unrepres-
ented. One possible solution to mitigate this gaps, for applications
involving broadband light sources, is the implementation of a
regularisation procedure, which enhances the continuity and fi-
delity of the reconstructed spectral profile, to match the original
one. In particular the regularisation can be obtained solving the
following equation:

W =
[
(XTX + t I)+XTy

]T (7)

which provide a set of weights (W ) to be applied to the chan-
nel measurement, starting from the gaussian functions of each
channel (X) and the target SPD (y). t is a coefficient used for the
regularisation, here fixed to 1 · 10−8.

Alternatively, a distinct approach for profile reconstruction
involves applying Piecewise Cubic Hermite Interpolating Polyno-
mial (PCHIP) interpolation directly to the peaks of the Gaussian
profiles. Unlike previous methods, this technique explicitly dis-
regards the specific geometry of the Gaussian shape, operating on
the premise that the responsivity calibration performed in Experi-
ment 2 has already sufficiently accounted for sensitivity variations.
In high density channels spectrometers, an additional smoothing
can be performed to avoid jumps between close channels with
high differences.

In the following section, the performance of these reconstruc-
tion methodologies is systematically evaluated and compared.

3.6. Validation of Experiment 2: Figure of merits extraction in Real-
world measurements

To evaluate performance under realistic illumination, the calib-
rated reconstruction model was tested in three distinct real-world
scenarios:

- outdoor sunlight illumination;
- indoor LED illumination in laboratory and domestic envir-

onments;
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- emission from a white display source (monitor or panel).
For each scenario, the three multi-spectral sensors, the spectro-

meter and the power meter were mounted on the same mechanical
structure, with the FGS900H filter placed in front of the assembly.
Each sensor was operated using the gain identified during calib-
ration as providing the most accurate and stable response for
broadband visible light.

To quantify the reconstruction accuracy, two primary figures
of merit were extracted. First, the overall fidelity of the spectral
shape was assessed using the Root Mean Square Error (RMSE)
between the reconstructed and reference SPDs. Second, a normal-
ized spectral distribution error was computed for key radiometric,
photometric, and colorimetric quantities, specifically: total irradi-
ance, illuminance, and the five α-opic irradiances (S-, M-, L-cone,
rhodopic, and melanopic). This metric was derived by calculating
the absolute error at each wavelength before aggregation, rather
than simply comparing the final integrated values. The mean of
these absolute spectral differences was then normalized by the
mean value of the reference quantity. This formulation prevents
the mutual compensation of under- and over-estimation errors
that typically occurs in standard integral comparisons, thereby
providing a stricter and more distributed measure of spectral
accuracy.

3.7. Experiment 3: Calibration of absolute radiometric sensitivity
with different sources

As noted in Section 3.5., the radiometric calibration is theor-
etically independent of the specific broadband source employed,
provided the source covers the relevant spectral bands. To valid-
ate this assumption and evaluate the broader applicability of the
quadratic model (Eq. 6), the experimental dataset was extended
to include conditions beyond the Xenon arc lamp configurations.

Three illumination sources (two Halogen and one white LED,
C9–C11), characterized by distinct spectral power distributions,
were introduced to the fitting process together with three config-
urations from the previous Xenon setup (C1–C3). The quadratic
regression was re-evaluated using this dataset (denoted as Data-
set 2), and the variations in the quadratic fitting coefficients (ai,
bi, anddi) and the figures of merit (described in Section 3.6.) from
the calibration performed by Dataset 1 and Dataset 2, has been
compared. Minimal deviation in these metrics would indicate
that the sensor’s response is determined mainly by the effective
integrated optical power (Pi), rather than the specific spectral
profile of the incident light, thus validating the robustness and
versatility of the calibration procedure.

4. RESULTS AND DISCUSSION

4.1. Experiment 1: Channel stability and acquisition parameters

The stability of the multi-spectral sensors was evaluated by ana-
lysing the variation in normalised response across different G and
tint settings. As detailed in Section 3., the objective was to identify
the optimal strategy for dynamic range adjustment—specifically,
whether to modulate sensitivity via gain or integration time.

Table 3 presents the Coefficient of Variation when the gain was
held constant while sweeping the integration time (all the gains
presented in Section 3.4. has been used). The results indicate a high
degree of linearity and stability. Across all optical configurations
(ordered by progressively lower irradiance levels), the CV for
all three sensors remained in the order of 10−4. This suggests
that the sensors’ response scales linearly with integration time,
introducing negligible non-linearity errors when tint is used to
adjust the sensitivity.

Conversely, Table 4 summarises the performance when the
integration time was held constan while sweeping the gain val-
ues (all the tint presented in Section 3.4. has been used). In this
scenario, the CV were significantly higher, typically in the range
of 10−3 to 10−2. In particular, the AS7343 and AS7262 exhib-
ited a standard deviation approximately two orders of magnitude
higher than that observed in the constant-gain experiments.
Table 3. Coefficient of Variation at constant gain and variable integration time,
C̃V (tint) Eq. 4. The first number is the average over the number of channels, the
range on the side represent the minimum and maximum value across the channels

Config Irradiance (μW/cm2)
C̃V (tint) ·10−4

AS7262 AS7341 AS7343

C1 761.77 0.80 (0.38–2.44) 1.17 (0.40–2.32) 4.32 (3.32–6.92)
C2 651.18 0.84 (0.42–2.35) 1.08 (0.55–1.68) 3.22 (2.30–5.36)
C3 547.23 1.20 (0.87–1.96) 1.16 (0.72–1.57) 3.74 (2.77–5.53)
C4 466.34 1.08 (0.74–1.87) 1.22 (0.79–1.97) 3.51 (2.59–5.28)
C5 391.08 1.73 (1.18–3.03) 1.73 (1.24–2.53) 3.52 (2.48–5.20)
C6 342.17 1.56 (1.04–2.77) 1.67 (1.16–2.36) 3.41 (2.41–5.19)
C7 272.74 1.42 (0.92–2.62) 1.62 (1.12–2.26) 3.35 (2.29–4.92)
C8 186.95 1.44 (0.83–3.33) 1.55 (1.05–2.16) 3.20 (2.19–4.66)

Table 4. Coefficient of Variation at constant integration time and variable gain,
C̃V (G) Eq. 4. The first number is the average over the number of channels, the
range on the side represent the minimum and maximum value across the channels

Config Irradiance (μW/cm2)
C̃V (G) ·10−4

AS7262 AS7341 AS7343

C1 761.77 270.42 (260.15–298.50) 23.72 (19.14–26.88) 340.98 (195.76–641.76)
C2 651.18 273.15 (254.20–307.12) 23.49 (18.55–26.24) 337.15 (198.15–624.89)
C3 547.23 275.58 (258.55–303.85) 23.82 (18.66–26.54) 360.33 (209.57–682.63)
C4 466.34 268.21 (257.40–288.66) 23.24 (17.47–25.53) 388.76 (222.73–756.67)
C5 391.08 272.85 (256.55–301.34) 23.30 (16.93–25.79) 408.90 (228.14–825.43)
C6 342.17 264.26 (247.89–292.30) 27.08 (20.51–29.67) 414.90 (227.74–857.72)
C7 272.74 261.10 (244.85–288.41) 30.17 (22.77–32.65) 392.48 (215.06–815.05)
C8 186.95 258.32 (241.83–285.51) 31.86 (24.85–34.58) 375.05 (205.61–778.69)

Comparing the two acquisition strategies, it is evident that
keeping the gain constant yields superior stability and lower vari-
ance. Varying the gain amplifies signal variations and introduces
non-linearities that complicate the estimation of absolute respons-
ivity. Consequently, to maximise the dynamic range while main-
taining radiometric accuracy, the optimal strategy for these sensors
is to fix the internal analog gain and modulate the exposure solely
via the integration time. Based on these findings, the subsequent
determination of absolute responsivity (Experiment 2) was per-
formed using a fixed gain configuration (64X) for each sensor,
relying on integration time adjustments to accommodate varying
irradiance levels.

4.2. Experiment 2: Absolute radiometric sensitivity and spectral re-
construction

Following the characterization of acquisition parameters, the
absolute radiometric sensitivity was extracted for each channel.
As described in Section 3.5., the effective optical power incident
on each channel was weighted by the channel’s specific sensitivity
curve (here extracted from the reference datasheet [30]–[32]) to
ensure the measurement values corresponded to the actual optical
power absorbed by the filtered channels (Eq. 5)

Initially, a linear fitting model was evaluated to characterize
the relationship between incident optical power and sensor out-
put. However, this approach yielded suboptimal goodness-of-fit
metrics compared to the quadratic model. While the AS7341
sensor maintained moderate linearity (R2 ≈ 0.98), the AS7262
and AS7343 exhibited more pronounced non-linear behavior.
The AS7343, in particular, showed the poorest linear correlation,
with R2 values dropping as low as 0.86 in the worst-performing
channels. Overall, the linear fit resulted in coefficients of determ-
ination ranging from 0.86 to 0.99 across all sensors, with poorer
values compared to the quadratic fitting (detailed tabular results
are provided in the Appendix). These deviations necessitated the
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Figure 2. Quadratic calibration curves representing the responsivity of the AS7262 (a), AS7341 (b), and AS7343 (c) spectrometers. Note that, for visualization purposes,
the x- and y-axes do not share the same range across the three plots.

adoption of a higher-order polynomial to accurately model the
acquisition chain.

The response of each channel was then modeled using the
quadratic function defined in Eq. 6, using Dataset 1 as the refer-
ence. Since the sensors exhibited negligible output in the absence
of illumination, the offset coefficient di was forced to 0, reducing
the model to a two-parameter fit (ai, bi).

Figure 2 illustrates the relationship between the measured raw
counts (y-axis) and the effective irradiance reaching each channel
(x-axis). The tightness of the data points along the fitted curves
confirms the validity of the quadratic model. This is quantitatively
supported by theR2 values for all channels across the three sensors,
which are summarised in Table 5. The R2 values are consistently
above 0.998, indicating an excellent fit between the model and
the experimental data.
Table 5. Goodness-of-fit (R2) values for the quadratic radiometric calibration of
each channel. GAIN = 64x

Channel AS7262 AS7341 AS7343

1 0.99982 0.99981 0.99902
2 0.99985 0.99980 0.99919
3 0.99977 0.99964 0.99916
4 0.99992 0.99989 0.99847
5 0.99939 0.99997 0.99875
6 0.99917 0.99985 0.99872
7 – 0.99982 0.99908
8 – 0.99987 0.99896
9 – – 0.99912
10 – – 0.99828

4.2.1. Qualitative evaluation of spectral reconstruction methods
Using the calibrated sensitivity parameters, the spectral power

distribution of various light sources was reconstructed using the
three methodologies outlined in the methods: Gaussian profile
envelope (ENV), Regularisation profile (REG), and Smoothed
pchip profile (SMT).

Figure 3 displays the reconstruction performance for the
AS7343 sensor under four distinct illumination conditions: halo-
gen, LED, sunlight, and xenon lamp. The other two sensor profiles
are not reported for simplicity, while the numerical comparison
for all three sensors is reported in Table 6. The ENV profile accur-
ately captures the spectral power at the centre wavelengths of the
channels; however, it fails to represent the continuum between
channels, resulting in significant underestimation in the spectral
gaps. This artifact is particularly pronounced in the AS7262 due
to its lower channel density, whereas the AS7343 offers a denser
sampling that mitigates this effect.

The REG profile provides a continuous spectrum that matches
the reference well. However, its performance is inherently depend-
ent on the training set used to derive the weights; it excels when
the test source resembles the calibration sources but may deviate
for unknown spectral signatures.

The SMT profile, based on pchip interpolation, yielded a good
representation of the reference curves. It generates a continuous
spectrum without requiring previous knowledge of the source
type (source-independent). As illustrated in Fig. 3, it successfully
fills the gaps between channel peaks while preserving radiometric
accuracy, with the exception of the LED spectrum, where the
pronounced peak near 450 nm is not accurately reconstructed.
This occurs because the total power of that peak is spread out
according to the Gaussian profile of the spectrometer’s nearest
channel.

4.3. Quantitative evaluation and figures of merit

Before evaluating the global performance of the sensors for
each reconstruction method, the spectral distribution of the re-
construction error was analysed. To visualise the error dependence
on wavelength, the relative spectral error was computed and ag-
gregated into ten distinct bins of 40 nmwidth. Figure 4 illustrates
the mean relative percent error within each spectral bin. It is evid-
ent that the error increases drastically for all sensors in the regions
falling outside their primary sensitivity range, specifically in the
[380,420] nm and [700,780] nm intervals.

Consequently, to ensure a valid assessment, the subsequent
analysis was restricted to the effective spectral range where the
sensors are active. Within this valid range, the accuracy of the
reconstruction methods is summarised in Table 6, which presents
the mean RMSE of the spectral content and the mean relative
error for key radiometric and photometric quantities, including
total spectral irradiance, illuminance, and the effective irradiances
for the five retinal photoreceptors (α-opic irradiances) [4], [39].

The data clearly identifies the pchip smoothed profile as the
best reconstruction method. For the AS7341 and AS7343 sensors
using the pchip method, the error remains consistently below
11% for illuminance and all photoreceptor-weighted irradiances.
Even for the lower-resolution AS7262, the last method signific-
antly reduces the error compared to the Envelope and Regularised
approaches.

To contextualise these results, commercial spectroradiomet-
ers typically aim for uncertainties in the 5% to 10% range. For
instance, the Apogee MS-100 (approx. 2000€) specifies an irra-
diance accuracy of ±10%, while the higher-end Apogee PS-200
(approx. 6000€) offers±5% accuracy. The AS7341 and AS7343,
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Figure 3. SPD reconstruction for AS7343 spectrometer under alogen (a), LED (b), sunlight (c) and xenon (d) illumination. Note that, for visualization purposes, the y axis
has not the same range in the four plots

Table 6. Root Mean Square Error (RMSE) and relative error (%) of derived photometric and colorimetric quantities for the three reconstruction methods (Envelope,
Regularised, Pchip) across the three sensors.

AS7262 AS7341 AS7343

Metric ENV REG SMT ENV REG SMT ENV REG SMT

Mean RMSE 0.3827 0.2438 0.1846 0.2950 0.1444 0.1289 0.2343 0.1385 0.1284
Spectral Irradiance Error (%) 31.13 19.36 16.48 19.48 9.36 9.17 15.90 10.20 9.28
Illuminance Error (%) 22.23 14.10 8.79 17.19 7.73 6.45 13.47 8.68 7.71
S-cone Irradiance Error (%) 28.56 23.60 15.99 21.51 13.37 10.22 13.80 12.14 9.20
M-cone Irradiance Error (%) 22.81 14.44 7.72 17.71 8.35 7.11 14.05 8.78 7.67
L-cone Irradiance Error (%) 21.88 13.85 9.10 17.01 7.45 6.16 13.21 8.64 7.72
Rhodopic Irradiance Error (%) 28.35 18.44 9.41 19.45 10.86 9.23 17.26 11.07 8.43
Melanopic Irradiance Error (%) 30.62 20.00 11.02 20.19 12.02 10.06 18.79 11.91 8.91

when paired with the proposed calibration and right reconstruc-
tion, achieve performance comparable to the MS-100 at a fraction
of the cost.

Finally, the dynamic range of the three sensors was determined
based on theoretical considerations, as an accurate experimental
measurement would necessitate an extensive sweep of source con-
ditions. By considering the full sweep of available gain and integ-
ration time settings, defining the valid saturation level at 80% of
the ADC full scale, and excluding configurations with high noise,
the analysis reveals distinct operating windows for each device.
The AS7262 supports an irradiance range from approximately
95 μW/cm2 to 1.5W/cm2. The AS7343 offers a significantly
broader range, spanning from200 nW/cm2 to12W/cm2, while
the AS7341 covers an intermediate but similarly wide range from
800 nW/cm2 to 10W/cm2. This difference is given by the in-
ternal configurations available, since the AS7343 is the one with
the highest possible gain, 2048X, and the AS7262 only support
a limited number of integration time compared to the other two

sensors. Anyway, each sensor provide enough dynamic range to
cover typical.

4.4. Experiment 3: Responsivity stability using Different Light
Sources

As stated in Section 3.7., to validate the robustness of the
radiometric calibration, the quadratic model was tested against a
composite dataset comprising measurements from three spectrally
distinct light sources: the Xenon arc lamp, a Halogen lamp, and
a white LED (Dataset 2). This validation step assesses whether
each spectral channel responds solely to the total optical power
Pi absorbed within its sensitivity range, rather than to the specific
spectral shape of the incident light E(λ).

The quadratic coefficients (ai, bi) were recalculated using the
least-squares method on the Dataset 2 and compared against the
baseline coefficients obtained from the Dataset 1. Table 7 details
this comparison, including the 95% confidence bounds for the
Dataset 1 fitting.
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Table 7. Comparison of calibration coefficients ai and bi between the Dataset 1 baseline and the Dataset 2. The Dataset 2 coefficients generally align well with the
Dataset 1 95% Confidence Bounds (CB).

Sensor Ch
ai coefficient (10−5) bi coefficient (10−3)

Dataset 1 [95% CB] Dataset 2 Dataset 1 [95% CB] Dataset 2

1 9.44 [8.44 - 10.44] 12.51 42.15 [41.17 - 43.13] 39.36
2 9.38 [8.40 - 10.35] 10.27 45.84 [44.92 - 46.77] 44.77
3 8.91 [7.54 - 10.28] 5.91 52.93 [51.65 - 54.22] 56.52
4 10.80 [9.89 - 11.71] 12.92 59.34 [58.49 - 60.19] 57.20
5 22.27 [19.60 - 24.94] 13.09 47.88 [45.52 - 50.25] 54.33

AS7262

6 21.19 [16.83 - 25.54] 57.82 55.41 [52.59 - 58.22] 25.35

1 2.09 [1.82 - 2.35] 2.17 6.44 [6.30 - 6.58] 6.38
2 1.91 [1.66 - 2.16] 1.73 8.20 [8.01 - 8.39] 8.38
3 1.83 [1.51 - 2.15] 1.90 9.72 [9.41 - 10.02] 9.63
4 2.35 [2.12 - 2.57] 2.23 12.14 [11.93 - 12.35] 12.28
5 2.62 [2.49 - 2.75] 2.69 13.66 [13.54 - 13.79] 13.58
6 2.50 [2.20 - 2.79] 2.50 14.87 [14.58 - 15.16] 14.87
7 2.79 [2.46 - 3.12] 2.86 15.58 [15.24 - 15.92] 15.50

AS7341

8 4.16 [3.80 - 4.52] 3.91 9.97 [9.77 - 10.16] 10.04

1 15.25 [13.61 - 16.89] 14.07 7.53 [6.77 - 8.28] 8.22
2 16.23 [14.65 - 17.80] 14.16 7.73 [7.04 - 8.42] 8.73
3 1.60 [1.34 - 1.85] 1.36 5.59 [5.26 - 5.92] 5.99
4 6.15 [5.19 - 7.10] 5.66 7.49 [6.70 - 8.27] 8.00
5 4.02 [3.32 - 4.73] 2.71 8.24 [7.60 - 8.88] 9.76
6 5.15 [4.64 - 5.67] 4.67 2.66 [2.23 - 3.08] 3.02
7 0.89 [0.76 - 1.03] 0.81 4.85 [4.54 - 5.17] 5.10
8 1.27 [1.04 - 1.49] 1.35 5.70 [5.32 - 6.08] 5.53
9 5.34 [4.65 - 6.03] 6.63 8.68 [8.06 - 9.30] 7.19

AS7343

10 34.12 [30.82 - 37.42] 28.84 3.67 [2.45 - 4.89] 5.60
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Figure 4. Spectral distribution of the relative reconstruction error (%) for the
AS7262 (blue), AS7341 (red) and AS7343 (green) sensors. The error is averaged
between each reconstruction method and then across 40nm spectral bins to
highlight performance variations across the visible range.The high error bars
correspond to wavelength values that lie outside the sensitivity range of the three
sensors.

The results demonstrate great stability. Despite the significant
variation in spectral power distribution among the sources, the
coefficients obtained from the Dataset 2 fall consistently within
or very close to the 95% confidence bounds of the Dataset 1
calibration (as seen clearly in the AS7341 and AS7343 data).
This confirms that the spectral reconstruction method is source-
independent and that the coefficients (ai, bi) derived in Eq. 6 are
intrinsic to the sensor’s response rather than artifacts of a specific
calibration source.

To further evaluate the system’s robustness, the reconstruc-
tion capabilities were assessed using the calibration derived from
Dataset 2. The figures of merit established in Experiment 2 were
calculated specifically for the smooth (SMT) reconstruction pro-
file, which was identified as the optimal fitting method in Sec-

tion 4.3.. The resulting metrics are detailed in Table 8. The fitting
performance remains highly comparable to the primary dataset,
with error metrics and RMSE values varying by only approxim-
ately 1% to 2% relative to the Dataset 1 results. This consistency
highlights that the sources employed in Dataset 2, despite their
spectral differences, were sufficiently broadband and covered a
wide enough dynamic range of irradiance to allow the quadratic
fitting to be performed with high fidelity.
Table 8. Root Mean Square Error (RMSE) and relative error (%) derived from the
Smooth (SMT) reconstruction profile, using the quadratic parameters extracted
from Dataset 2 fitting.

Metric AS7262 AS7341 AS7343

Mean RMSE 0.1770 0.1282 0.1249
Spectral Irradiance Error (%) 11.98 8.98 8.82
Illuminance Error (%) 6.12 6.34 7.64
S-cone Irradiance Error (%) 15.09 10.22 9.98
M-cone Irradiance Error (%) 6.40 7.02 8.16
L-cone Irradiance Error (%) 5.99 6.05 7.41
Rhodopic Irradiance Error (%) 9.45 9.26 9.09
Melanopic Irradiance Error (%) 11.10 10.09 9.59

5. CONCLUSION

This work presented a systematic and application-oriented
evaluation of compact multi-spectral sensors, with the specific
goal of defining a calibration methodology that is robust, repro-
ducible, and easily transferable across laboratories and field de-
ployments. The proposed approach was intentionally designed to
rely on a minimal experimental setup and broadly available instru-
mentation, in order to promote consistent use of these devices as
quantitative illuminance meters for daily-life light monitoring in
both indoor and outdoor environments.

Three commercially available sensors with different spectral
architectures—the AS7262, AS7341, and AS7343—were system-
atically evaluated using a common optical setup and reference
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instrumentation (Section 3.). This enabled a direct comparison
of their radiometric behaviour, spectral reconstruction capability,
and practical operating limits, while keeping the calibration work-
flow general enough to be reproduced on other multi-channel
devices.

A first key outcome concerns dynamic range management. As
shown in Experiment 1 (Section 4.1.), adjusting sensitivity via in-
tegration time at constant gain yields a highly stable response, with
the coefficient of variation C̃V (tint) consistently on the order of
10−4 across all sensors. Conversely, when sensitivity is adjusted
by varying the analogue gain at constant integration time, the
coefficient of variation C̃V (G) increases by up to two orders of
magnitude, reaching values on the order of 10−2. This behaviour
indicates increased variability and gain-dependent non-linearities,
which hinder the definition of a robust, global radiometric cal-
ibration. Accordingly, to preserve measurement stability while
maximising dynamic range, the analogue gain should be fixed and
exposure regulated exclusively through the integration time.

Building on this configuration choice, Experiment 2 (Sec-
tion 3.5.) established an absolute radiometric calibration using a
broadband Xenon arc lamp as the excitation source. A quadratic
model was adopted to link normalised counts to the effective op-
tical power absorbed by each channel. The fitted models showed
excellent agreement with the experimental data (R2 > 0.998 for
all channels), enabling accurate estimation of channel responsivity
using broadband illumination only.

The subsequent validation under real-world illumination con-
ditions (Section 3.6.) demonstrated that, once calibrated, the
sensors can reliably reconstruct the spectral power distribution of
broadband light sources and derive accurate estimates of spectral
irradiance, illuminance, andα-opic irradiances. Among the tested
reconstruction strategies, the smoothed PCHIP (SMT) interpola-
tion consistently provided the best compromise between accuracy
and generality. For the AS7341 and AS7343, this approach yiel-
ded illuminance and photoreceptor-weighted irradiance errors
typically below 11%, with average errors across all reported met-
rics of approximately 8.3% and 8.0%, respectively (Table 6).
These results also clarify the role of channel density and distribu-
tion. Increasing the number of channels improves reconstruction
accuracy primarily when the channels are well distributed and
approximately equispaced over the spectral range. The transition
from the six visible channels of the AS7262 to the denser visible
sampling of the AS7341 and AS7343 leads to a substantial reduc-
tion in reconstruction error, with average SMT errors decreasing
from approximately 11% for the AS7262 to below 9% for the
other two sensors. In contrast, the three additional channels of
the AS7343, which largely overlap with those of the AS7341,
provide only marginal improvements, confirming that channel
redundancy yields diminishing returns for broadband spectral
reconstruction.

Experiment 3 (Section 3.7.) further showed that the proposed
calibration is largely independent of the spectral shape of the
calibration source, provided that the illumination spans the sensor
sensitivity range and a sufficient dynamic range of irradiance. The
stability of the quadratic coefficients across spectrally distinct
sources confirms that the sensor response depends primarily on
the integrated optical power absorbed within each channel, rather
than on the detailed spectral distribution of the incident light.

At the same time, intrinsic limitations remain. Due to their
interference-filter-based design, these sensors cannot accurately
resolve narrow spectral features, as sharp emission peaks are un-
avoidably broadened by the channel response. As a result, they are
not intended to replace high-resolution spectrometers in applica-

tions requiring fine spectral discrimination. Their effectiveness is
maximised in broadband lighting conditions typical of indoor and
outdoor environments, or in scenarios where prior knowledge of
the source class is available.

In summary, this paper provides a complete and reproducible
workflow for configuring, calibrating, and validating compact
multi-spectral sensors as quantitative illuminance meters. By com-
bining a minimal calibration setup, a robust radiometric model,
and application-oriented reconstruction strategies, the proposed
methodology clarifies both the achievable accuracy and the prac-
tical limits of these devices, supporting their use in wearable,
portable, and distributed light-sensing applications.
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