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Abstract—Modern data centers concentrate substantial
amounts of power-electronic equipment, generating complex
low-frequency electromagnetic environments with implications
for electromagnetic compatibility (EMC). This article presents
a one-month assessment of the extremely low-frequency
(ELF) magnetic field in a data center using an air-core coil
magnetometer as a nonintrusive measurement instrument.
The sensor operated continuously, and the recorded field was
segmented into 5-min windows to compute the root-mean-
squared (rms) magnetic flux density (BRMS), the harmonic
spectrum from 50 to 2000 Hz, and the total harmonic distortion
(THD) of the magnetic field (THDB). Statistics show moderate
field magnitudes, with typical BRMS around 0.5 µT and a
maximum below 1 µT, but consistently high-distortion levels,
with median THDB around 36% and occasional values above
300%. Diurnal and weekly analyses reveal that THDB is strongly
modulated by the operating regime, with twice the median
distortion during working hours compared with nighttime and
weekends, while BRMS varies much less. Harmonic spectra
confirm the dominant contribution of low-order odd harmonics,
particularly the third, whose relative amplitudes increase under
high-distortion conditions. A percentile-based detector identifies
41 high-THDB events, most of them short-lived (5–10 min). The
results illustrate how ELF magnetometry, as a nonintrusive
instrumentation approach, can support EMC-oriented
characterization of harmonic disturbances in data centers and
complement conventional power-quality (PQ) measurements.

Index Terms—Data centers, electromagnetic compatibility
(EMC), extremely low-frequency (ELF) magnetometry, harmonic
distortion, magnetic field measurement.

I. INTRODUCTION

THE widespread use of power-electronic converters
has made low-frequency electromagnetic disturbances

a central concern for power-quality (PQ) and electromag-
netic compatibility (EMC). Extremely low-frequency (ELF)
magnetic fields have gained research focus due to their
pervasive nature and potential health implications [1], with
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recent EMC-oriented work addressing detailed numerical
dosimetry and modeling artifacts in low-frequency exposure
assessment [2], [3].

Data centers, with their high-powered electronic devices and
intricate electrical systems, are critical environments where
electromagnetic disturbances affect PQ and EMC, accelerating
equipment aging and potentially causing failures or outages
[4]. These effects are reflected in the compatibility levels and
emission limits defined in IEC 61000 and related standards
for public and industrial low-voltage systems.

The expansion of data centers has increased electricity
demand [5], [6], with servers and heating, ventilation, and air
conditioning being the primary contributors [7]. As informa-
tion technology (IT) density and power-electronic penetration
rise, monitoring electromagnetic disturbances becomes cru-
cial for operators and PQ engineers [8]. Harmonic currents
generated by nonlinear loads give rise to distorted voltages
and currents, increased losses in transformers and cables,
more heating in neutral conductors, and potential malopera-
tion of protection and control devices [9]. These effects are
typically described through indices such as total harmonic
distortion (THD) and are regulated by international standards
on compatibility and emission limits [10]. In data centers,
the combined effect of server power supplies, uninterruptible
power supplies (UPSs) systems, and other electronic devices
generates elevated harmonic levels, especially at odd multiples
of the fundamental frequency [11]. Regulatory frameworks
such as EN 50160 and IEC 61000-2-4 define compatibility
levels for voltage distortion at different points in the sup-
ply chain. Still, continuous installation-specific monitoring is
often required to verify compliance and to support preventive
maintenance.

Conventional PQ assessments in data centers are often
conducted with intrusive current and voltage analyzers. As
an alternative, ELF magnetic field measurements have been
explored to estimate harmonic components and PQ in a
noninvasive manner [12], [13], enabling the estimation of
fundamental-frequency components, harmonic content, and
indirectly PQ indices in a noninvasive manner [14].

Despite the growing importance of data centers, there is a
lack of detailed studies on their electromagnetic environments
[15], [16]. Information on harmonic signatures and magnetic
fields in these centers is limited compared to conventional
environments.

In contrast, the present study focuses on a month-long
continuous monitoring campaign in an operational data cen-
ter environment. It develops a long-term characterization
workflow for ELF harmonic content and magnetic-domain
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distortion under real operating conditions. This provides
a data-driven basis for interpreting harmonic disturbance
conditions in modern IT infrastructures and complements
conventional PQ assessments when direct electrical instrumen-
tation is unavailable. The main contributions of this work are
given as follows.

1) A month-long, continuous monitoring campaign of ELF
magnetic field in an operational data center using a
nonintrusive air-core coil magnetometer.

2) A distortion-oriented characterization, harmonic spectra,
and the magnetic-domain THD, including global, diur-
nal, and weekly statistics.

3) Regime-based harmonic signatures using normalized
harmonic amplitudes.

4) An event-oriented analysis based on a percentile thresh-
old on the magnetic-domain THD to detect and
summarize short high-distortion episodes relevant to
EMC/PQ supervision.

This article is organized as follows. Section II describes the
measurement and processing approach. Section III presents the
analysis applied to the data. Section IV discusses implications
and limitations. Section V concludes this article.

II. MATERIALS AND METHODS

A. ELF Magnetometer Setup

The measurements were conducted with the ELF magne-
tometer previously developed by the authors in the 0–2.2-kHz
band [15], [16]. The sensing element is a coreless air-coil
with 12 000 turns of 0.25-mm-diameter enameled copper
wire. The average coil diameter is 32 cm, and the winding
width is 4.5 cm, yielding an inductance of approximately
68.5 H and a self-resonance frequency of about 990 Hz. The
coil is configured to measure a single axis of the magnetic
flux density (B), which is perpendicular to the sensor area.
Preliminary orientation checks indicated that this axis makes
the strongest contribution at the installation point and provides
a representative estimate of the magnetic field.

The coil output is fed to an analog conditioning stage com-
prising a low-noise preamplifier, followed by two operational-
amplifier-based amplification stages. The conditioned analog
signal is digitized by a 24-bit analog-to-digital converter
(ADC) that performs oversampling at tens of kilohertz; the
embedded digital signal processor (DSP) applies decimation
and anti-alias filtering to obtain a final sampling frequency of
4439 samples per second, which defines a usable bandwidth
of 2.2 kHz.

The complete measurement chain (air-core coil sensor and
analog conditioning stages) was calibrated in the frequency
domain by measuring its transfer function using a vector
network analyzer, following the same procedure reported in
[16]. This calibration is used to correct the amplitude response
within the instrument’s validated bandwidth. An error analysis
based on the manufacturers’ specifications of the main analog
and conversion components (instrumentation amplifier/op-amp
stages and ADC) yields a typical amplitude precision of
±0.63% and a conservative worst case bound of ±4.9%
before any corrective measures. The analog conditioning stage

Fig. 1. Location of the sensor inside the data center.

exhibits a noise floor on the order of 10−4 nT, which supports
that magnetic components in the analyzed band dominate the
recorded signals [16].

For this study, the magnetometer was installed in the Uni-
versity of Almeria’s data center (Fig. 1), in the main room
housing the server racks and associated power-conversion
equipment. The monitored facility is a medium-sized data
center supplied through a redundant low-voltage distribution
system incorporating a 160-kVA APC Symmetra UPS, typ-
ically operating at approximately 50% load with occasional
higher loading periods. The IT infrastructure consists of 250
heterogeneous servers from different vendors (including HPE,
Dell, and Lenovo) with diverse power ratings and utilization
patterns. Thermal management is provided by ten APC InRow
precision cooling units.

The sensor was positioned at a height comparable to the
center of the rack cabinets, and sufficiently far from fer-
romagnetic structures to avoid local shielding effects. The
location was selected to obtain a representative area measure-
ment of the electromagnetic environment while preserving the
facility’s unobstructed operation. Before the formal monitoring
campaign, a brief on-site placement check was performed to
select a practical and representative installation point under
the room’s operational constraints. The subsequent monitoring
campaign was conducted at a single fixed location. Since
magnetic field magnitudes depend on the conductor and the
distance to the current-carrying paths, spatial variability across
the room is expected.

B. Data Collection

The monitoring campaign spanned one month of the data
center’s regular operation (July 2024). During this period, the
ELF magnetometer operated continuously and streamed the
digitized signal to a dedicated data server over Ethernet.

To capture the full range of operating conditions, the
campaign covered working days and weekends, as well as
daytime and nighttime periods. No deliberate changes were
introduced in the facility; the objective was to characterize
the electromagnetic disturbances under routine workload and
infrastructure operation. Raw data were stored in binary files,
and basic integrity checks (file size and timestamp continuity)
were performed before processing to identify and discard
corrupt or incomplete records.
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C. Harmonic Measurement

The analysis focused on the harmonic content of B associ-
ated with the 50-Hz main frequency and its harmonics up to
2.2 kHz. Signal processing was performed offline in MATLAB
R2024b (The MathWorks, Inc., Natick, MA, USA).

The continuous signal B(t) was segmented into 5-min
windows, selected as a compromise between spectral esti-
mation robustness and temporal resolution. This duration
is long enough to obtain stable harmonic estimates under
quasi-stationary conditions, while still providing minute-scale
resolution for analyzing diurnal/weekly patterns and localizing
short, high-distortion intervals in long-term monitoring.

For each window, the mean was subtracted to remove
any DC offset. The complex spectrum was then obtained by
applying the fast Fourier transform (FFT), and the amplitudes
of the fundamental component at 50 Hz and the harmonics up
to 2.2 kHz were extracted.

The THD of the magnetic flux density (THDB) was com-
puted for each time window using the standard definition by
the following equation:

T HDB =

qPhmax
h=2 B2

h

B1
100% (1)

where Bh is the root-mean-squared (rms) value of the harmonic
of order h, B1 is the rms value of the fundamental component,
and hmax is the highest harmonic order considered. This
definition is analogous to the conventional THD of current
or voltage used in PQ assessments and is consistent with the
approach adopted in the authors’ previous validation studies
of the ELF magnetometer [15], [16].

D. Grouping and Analysis

Once the harmonic spectrum and THDB values were com-
puted for all windows, the results were aggregated to facilitate
interpretation in terms of the data center’s operating condi-
tions. Time-stamped records were grouped according to hour
of the day, day of the week, and broad operational regimes
(working hours, night periods, and weekends). For each group,
descriptive statistics (median, interquartile range, and selected
percentiles) were calculated for both the fundamental compo-
nent of B and the THDB.

To characterize the contribution of individual harmonics, the
relative amplitudes |Bh|/B1 were computed for each window
and harmonic order. Regime-based statistics (median and
percentiles of |Bh|/B1 for selected orders) were then derived
by pooling all windows within a given regime. This provides
a concise description of how the harmonic spectrum changes
during working hours, off-hours, and weekends.

High-distortion events were identified by applying a thresh-
old to THDB. Specifically, the empirical distribution of THDB
was used to determine a percentile-based threshold (the 99th
percentile), and contiguous windows with THDB above this
threshold were grouped into single events. For each event, the
duration, the range of THDB, and the corresponding values of
B1, rms were recorded.

TABLE I
GLOBAL STATISTICS OF BRMS AND THDB OVER ONE MONTH

Fig. 2. Probability distributions. (a) BRMS. (b) THDB.

III. RESULTS

This section presents the results of the one-month monitor-
ing campaign, including global statistics, diurnal and weekly
patterns, harmonic spectra, and high-distortion events (refer-
ring to time windows in which THDB exceeds the selected
percentile/threshold values), to characterize the electromag-
netic environment of the data center and assess the relative
severity of its conditions.

A. Overall Magnetic Environment

The one-month monitoring campaign yielded several thou-
sand windows of calibrated magnetic field data, a robust
characterization of the electromagnetic environment in the data
center. Table I summarizes the global statistics of the
rms value of the magnetic flux density (BRMS) and the
corresponding THDB.
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TABLE II
PERCENTAGE OF WINDOWS WITH THDB EXCEEDING

GIVEN THRESHOLDS

Fig. 3. Typical diurnal profiles of THDB for working days (solid line and
shaded interquartile range) and weekends (dashed line).

Fig. 2 depicts the empirical probability density functions
of these two quantities. The distribution of BRMS in Fig. 2(a)
exhibits a relatively narrow spread around its typical oper-
ating range, with mean and median values near 0.5 µT, a
5th–95th percentile interval of 0.26–0.72 µT, and a maximum
below 1 µT. These values show that the magnetic field magni-
tude remains within a limited range during routine operation.
In contrast, THDB shows a much broader and more skewed
distribution [Fig. 2(b)], with the bulk of the probability mass
concentrated between 25% and 60%.

To complement these global descriptors, the fraction of win-
dows in which THDB exceeds selected thresholds (30%, 50%,
and 100%) was also evaluated (Table II). These exceedance
rates indicate how frequently harmonic distortion reaches
levels that may be of concern from a PQ perspective. These
exceedance rates motivate the event-oriented analysis reported
in Section III-D, in which the timing, duration, and severity
of high-distortion intervals are quantified.

B. Diurnal and Weekly Patterns of B and THDB

The windows collected during the month were next grouped
by hour of day and by whether they fell on working days
or weekends (Saturday and Sunday). For each category, the
median and interquartile range were computed as functions of
the hour. Fig. 3 shows the resulting diurnal profiles of THDB,
where the solid line and shaded band correspond to working
days and the dashed line corresponds to weekends.

The diurnal pattern of THDB in Fig. 3 reveals a clear
distinction between working days and weekends. On working
days, THDB rises early in the morning, reaches its median
peak during business hours, and then decreases in the evening

Fig. 4. Typical diurnal profiles of Brms for working days (solid line and
shaded interquartile range) and weekends (dashed line).

Fig. 5. Day of the week variability of THDB.

TABLE III
REGIME-BASED STATISTICS

and at night. On weekends, the profile is flatter, with a lower
median value and reduced variability over the period.

Fig. 4 presents the corresponding profiles for BRMS. In this
case, the variations over the day are smoother than for THDB.
The median BRMS remains within a narrower band, with more
modest differences between working days and weekends.

Day-to-day variability in THDB was further investigated
by grouping all windows by day of the week and computing
the distribution of THDB for each day. Fig. 5 shows boxplots
of THDB from Monday to Sunday. The central days of the
working week exhibit higher median and wider spreads. In
contrast, weekends are characterized by lower central values
and narrower interquartile ranges, consistent with lower
facility utilization.
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Fig. 6. Relative harmonic content normalizing the rms of each harmonic by the rms of the fundamental component (linear scale) for particular moments.
(a) Off-peak (THDB = 21.7%). (b) Typical working hours (THDB = 57.0%). (c) High-distortion event (THDB = 330.9%). (d) Comparison of the harmonic
spectrum.

To summarize these patterns, Table III reports regime-based
statistics for BRMS and THDB across three operating regimes:
working hours (08:00–18:00), night/off-hours (remaining
hours), and weekends. The median THDB is about 65% during
working hours, around 32%–33% during night/off-hours and
weekends, and the 95th percentile of THDB reaches approxi-
mately 127% during working hours, compared with about 51%
and 47% during night/off-hours and weekends, respectively. In
contrast, the median BRMS takes values of 0.32 µT in working
hours and around 0.53–0.56 µT in the other regimes.

C. Harmonic Spectrum and Dominant Harmonic Orders

To analyze the spectral composition of the magnetic
field under different operating conditions, three representative
windows were selected based on their THDB values: a low-
distortion interval with THDB of the order of 25%, a typical
working hour interval with THDB of the order of 70%, and a
high-distortion event with THDB of 330.9%. For each window,
the rms amplitudes of the harmonic bands from 50 to 2000 Hz
were computed and normalized by the fundamental component

B1. The resulting relative spectra are shown in Fig. 6(a)–(c)
in a linear scale.

In the off-peak case in Fig. 6(a), the fundamental com-
ponent clearly dominates the spectrum, and the higher order
harmonics remain well below 0.2 of B1. In the typical working
hour case in Fig. 6(b), several low-order harmonics (3rd, 5th,
7th, 9th, and 11th) increase in relative amplitude and become
clearly visible. In the high-distortion event in Fig. 6(c), the
third harmonic exceeds the fundamental in amplitude, and the
larger set of odd harmonics, up to around the 20th order, also
exhibits elevated levels.

These differences are summarized in Fig. 6(d), which plots,
for the three windows, the relative amplitudes |Bh|/B1 as a
function of the harmonic order. The comparison highlights
the progressive increase in both the magnitude and the spread
of the harmonic content as THDB increases from regular
operation to high-distortion conditions.

To characterize the contribution of individual harmonics
under different operating regimes, all five windows were
grouped into working hours, night/off-hours, and weekends.
For each regime and harmonic order between the 3rd and 15th,
the median value of |Bh|/B1 was computed.
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Fig. 7. Typical harmonic levels by operating regime.

Fig. 8. Relationship between the fundamental component BRMS and THDB.
Each dot corresponds to a window (light blue dots: individual windows; black
line: bin-wise median).

Fig. 7 shows the resulting statistics. The 3rd harmonic
has the highest median level across all regimes, with |B3|/B1
approximately 0.25 during working hours and remaining
below 0.1 during night/off-hours and weekends. The 5th
and 7th harmonics have the next largest median amplitudes,
typically in the range 0.03–0.15, depending on the regime.
Higher order harmonics above the 11th–13th order exhibit
lower median amplitudes, below 0.03 of the fundamental.

Finally, Fig. 8 analyzes the relationship between THDB
and the magnitude of B1,rms. Each dot in the scatter plot
corresponds to one window of the month-long recording. For
each window, B1,rms is computed from the extracted harmonic
components, and THDB is computed as defined previously.
The black curve summarizes the central tendency by grouping
the data into bins along the B1,rms axis and computing the
median THDB within each bin (bin-wise median). This rep-
resentation allows the overall trend to be visualized despite
the large number of samples and the dispersion of the point
cloud. The figure indicates that higher THDB values are more
frequently associated with lower B1,rms, suggesting that the

TABLE IV

STATISTICS OF HIGH DISTORTION EVENTS

most distorted conditions tend to occur when the fundamental
component is comparatively small.

D. Transient Events Associated With Switching Operations

High-distortion events were identified by applying a thresh-
old equal to the 99th percentile and grouping intervals with
THDB above this threshold into a single event. The resulting
statistics are summarized in Table IV.

A total of 41 events were detected during the one-
month campaign, occurring on 11 of 31 days and averaging
1.32 ± 2.56 events per day (range 0–9).

Event durations are typically short, with a median value of
10 min and an interquartile range of 5–10 min, while the min-
imum and maximum durations are 5 and 60 min, respectively.
During these episodes, the maximum THDB exhibits a median
of 168.0%, with values ranging from 144.8% to 330.9%. These
figures summarize the frequency and typical duration of high-
distortion episodes in the data center.

IV. DISCUSSION

The one-month monitoring campaign in the data cen-
ter reveals an electromagnetic environment characterized by
relatively modest ELF magnetic field magnitudes but system-
atically high-harmonic distortion. A possible explanation for
the lower BRMS observed during working hours is that the
monitoring campaign was conducted in July, which corre-
sponds to a vacation period on the university campus. During
this period, daytime computational activity in the data center
is typically reduced, while routine maintenance and backup
operations are frequently scheduled during evening and night
hours, contributing to higher net current levels and therefore
larger BRMS values outside working hours.

While BRMS remains below 1 µT and exhibits a narrow
distribution around a typical value of about 0.5 µT, THDB is
much more variable, with a broad distribution and a long upper
tail extending to values above 300%. These levels contrast with
previous ELF magnetometer measurements conducted by the
authors in an office environment in the same building [16],
where similar BRMS magnitudes were accompanied by clearly
lower distortion levels (5%–7% during the day and 21%–24%
at night). This comparison suggests that, in the data center,
power-electronic loads primarily affect the waveform shape
rather than the magnetic field amplitude and by extension the
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underlying currents. Consistent with this interpretation, circuit-
level measurements in a real data center reported in [17] show
current THD of 75%–83% in lightly loaded branch circuits,
despite relatively modest current levels. These results support
the view that high-harmonic distortion, combined with moder-
ate field (or current) magnitudes, is a characteristic signature of
modern data center loads, especially under partial-load oper-
ation. From a measurement perspective, similar environments
have motivated the development of dedicated magnetic field
instrumentation for EMC applications, such as the portable
digital magnetic field meter proposed in [5], which underscores
the importance of a wide dynamic range and robust signal
conditioning when assessing low-frequency magnetic distur-
bances. In addition, [18] emphasizes that harmonic currents
generated by nonlinear IT power supplies, UPS rectifiers, and
variable-speed drives are an intrinsic feature of modern data
center infrastructures and that their relative contribution tends
to increase under partial-load operation, even when overall
power factors remain close to unity. In a related context, [19]
analyzed harmonic currents generated by a large computer
center in an office building and showed that nonlinear IT loads
can produce substantial current distortion at the distribution
level, with THD values significantly higher under off-hours
and partial-load conditions. Taken together, these results sup-
port the view that high-harmonic distortion combined with
moderate field (or current) magnitudes is a characteristic
signature of contemporary data center loads and has direct
implications for both PQ assessment and energy-efficiency
analysis.

Furthermore, the diurnal and weekly analyses confirm that
the operating regime strongly modulates distortion. During
working hours, the median THDB is roughly twice that
observed at night and during weekends, whereas the corre-
sponding changes in BRMS are comparatively small. Similar
daily and weekly cycles have been reported in production data
centers, where IT and infrastructure energy intensity exhibit
clear 24-h and seven-day patterns driven by changes in work-
load. At the same time, absolute power consumption varies
more modestly due to large idle and fixed losses in the supply
chain [20]. This pattern is consistent with the expected behav-
ior of a data center, where IT and cooling loads increase during
business hours. Still, the supply infrastructure remains dimen-
sioned for the peak load so that the overall current magnitude
varies less than the harmonic content. In a related computer-
center case study, [19] measured harmonic currents under both
working and nonworking hours and between weekdays and
weekends, and reported current THD values up to 71% in
computer socket circuits, explicitly attributing the wide range
of distortion levels to variations in loading and power levels.
Furthermore, [18] highlights that nonlinear IT power supplies,
UPS rectifiers, and variable-speed drives inherently generate
harmonic currents and that for some high-efficiency supplies,
harmonic distortion can increase under light-load operation.
From a PQ and EMC perspective, this means that periods that
are not necessarily associated with the highest currents can
still present significantly degraded waveform quality and there-
fore deserve specific attention in monitoring and mitigation
activities.

The spectral analysis clarifies how these distortions arise
from the underlying current waveforms. Representative spectra
corresponding to off-peak conditions, typical working hours,
and a high-distortion event show a progressive reinforcement
of low-order odd harmonics, particularly the third, as
the THDB level increases, together with the appearance
of additional components at higher orders. Under off-
peak conditions, the fundamental clearly dominates, and most
harmonics remain well below a few tenths of the fundamental.
In contrast, during high-distortion intervals, the 3rd harmonic
can exceed the fundamental, and a broad set of odd harmonics
up to around the 20th order exhibits elevated relative
amplitudes. Regime-based statistics of |Bh|/B1 further indicate
that, even under typical operation, several low-order harmonics
reach nonnegligible fractions of the fundamental, especially
during working hours. Similar spectra, dominated by the 3rd,
5th, and 7th harmonics, have been reported in office computer
centers and commercial buildings with large concentrations
of switched-mode power supplies and AC drives [21]. These
observations are consistent with the expected contributions
of UPSs, switched-mode power supplies, and variable-speed
drives, and support the use of THDB as a compact descriptor
of waveform degradation in this type of installation. From a
PQ and EMC perspective, the predominance of low-order odd
harmonics and in particular of the third harmonic is especially
relevant in three-phase four-wire distribution systems. Triplen
harmonics (3rd, 9th, 15th, . . .) are zero-sequence components
that add up in the neutral conductor instead of canceling so
that high 3rd harmonic currents on each phase can lead to
neutral currents well above the phase fundamental, causing
overheating of neutral conductors and transformer neutrals
and increasing the risk of insulation damage and premature
failure [22].

Short-duration events detected using a percentile-based
threshold on THDB provide additional insight into the
dynamics of the electromagnetic environment, in line with
event-based PQ indices proposed for the detection and classi-
fication of disturbance episodes in distribution networks [23],
[24]. Although they represent a small fraction of the total
monitoring time, the 41 events identified over the month tend
to cluster on a limited number of days, with typical durations
of 5–10 min and maximum THDB values well above 140%,
reaching approximately 330%.

Because THDB is defined as a ratio between the rms
harmonic content and the rms fundamental component, it is
not bounded by 100%. Therefore, very high-THDB values may
occur when B1,rms is comparatively small. In this dataset, the
largest THDB values are observed in windows corresponding
to the lower end of the B1,rms range (see Fig. 8), consistent
with the behavior of THD-type indices. Such episodes are
consistent with disturbance patterns reported for switching
operations, changes in UPS operating mode, and other discrete
actions in power networks [25]. Even when brief, they can
contribute disproportionately to the upper tail of the distortion
distribution and may interact with sensitive equipment or
protection settings, as highlighted in previous studies on the
impact of PQ disturbances on end-user devices and industrial
processes [26], [27], [28]. Therefore, they are relevant from an
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EMC risk-assessment standpoint and justify the use of event-
oriented metrics alongside conventional long-term statistics.

The comparison with a previously monitored office environ-
ment in the same building, using the same ELF magnetometer
and processing pipeline, helps to place these results in context.
While BRMS levels in the data center and in the office are of
similar order, the data center systematically exhibits higher
THDB percentiles and greater contributions of low-order odd
harmonics. This reflects the higher concentration of power-
electronic loads and the different operating profiles of the
data center and confirms that, in terms of harmonic distortion,
the data center constitutes a more severe electromagnetic
environment than conventional office areas supplied from the
same low-voltage network.

From a methodological viewpoint, the results illustrate the
usefulness of ELF magnetometry as a tool for EMC-oriented
characterization of data centers. The nonintrusive nature of
the measurement, the ability to operate continuously over
long periods, and the possibility of deriving both global
indices (BRMS and THDB) and detailed harmonic patterns
from a single sensor make this approach attractive as a
complement to conventional PQ analyzers installed at elec-
trical panels. In this context, recent advances in magnetic
field measurement circuits, such as the spinning-current-based
architectures discussed in [7], underscore the importance
of noise and offset mitigation strategies for reliable low-
amplitude field measurements in complex electromagnetic
environments.

At the same time, several limitations must be acknowl-
edged. The present study is based on a single monitoring
point and a single facility, so the spatial variability of the
magnetic field and the generalizability of the results are not
fully captured. Moreover, the indirect nature of the mea-
surement prevents the direct attribution of specific spectral
features to individual feeders or loads without additional
information from the electrical installation or from synchro-
nized current and voltage. Regarding the frequency range,
the present monitoring campaign characterizes main-related
harmonic components in the 50–2000-Hz range, which cov-
ers the traditional low-order harmonic range used in many
PQ assessments (IEC 61000-3-2). However, modern IT and
power-electronic equipment may produce relevant spectral
content in the 2–9-kHz range (IEC 61000-4-7). Since the
usable bandwidth of the current ELF magnetometer chain
constrains the analysis to the range reported in this arti-
cle, emissions above 2.2 kHz are outside the scope of the
results.

Future work should extend the monitoring to multiple
locations and axes to distinguish types of data centers, combine
ELF magnetometry with conventional PQ instrumentation and
operational logs, and investigate automated classification of
operating regimes and events based on magnetic signatures. In
addition, our research group is actively working to extend the
sensing and acquisition chain and its calibration procedures to
cover this higher frequency range in future campaigns reliably.
Such developments would strengthen the link between non-
intrusive field measurements and actionable EMC decisions.
They could support the design of monitoring schemes and

tailored mitigation measures for the specific harmonic patterns
of critical IT infrastructures.

V. CONCLUSION

This article presents a one-month assessment of magnetic
field disturbances in a university data center using a non-
intrusive ELF magnetometer. By continuously recording the
vertical magnetic field component and processing the data in
5-min windows, the study derived the BRMS, the harmonic
spectrum from 50 to 2000 Hz, and the THDB.

The measurements show that the magnetic field magni-
tude at the sensor location is moderate, with BRMS typically
around 0.5 µT and consistently below 1 µT, whereas the
associated distortion is systematically high. THDB exhibits
a broad distribution with median values around 36% and
occasional episodes exceeding 300%. Diurnal and weekly
analyses indicate that the operating regime strongly modulates
distortion. During working hours, the median THDB is approx-
imately twice that observed at night and during weekends,
while BRMS varies much less. Harmonic spectrum and regime-
based statistics reveal the dominant contribution of low-order
odd harmonics (especially, the 3rd) and highlight that their
relative amplitudes increase under high-distortion conditions.
A percentile-based detector identifies 41 high-THDB events
over the month, most of which are short-lived (5–10 min) but
reach substantial distortion levels.

These results characterize the selected installation point;
extension to room-wide characterization requires multipoint
measurements, so future work will extend this approach to
multiple sensors and diverse types of data centers, combine
field measurements with electrical and operational data, and
explore automated classification of operating regimes and
events based on magnetic signatures, to support PQ supervi-
sion and EMC decision-making in critical IT infrastructures.
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