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Abstract—Recent advancements in adaptive planar near-field
scanning have enhanced the use of sparse measurement data for
electromagnetic field (EMF) modeling and prediction. In this
work, we propose an adaptive planar scanning solution that
utilizes iterative row-by-row scans, where each row is scanned on-
the-fly (OTF). Both the total number of rows and their separation
are dynamically adjusted and optimized through correlation
analysis of the values obtained from previous measurements. For
initialization, a few evenly distributed row scans, typically 4-
6 OTF scans, are performed, followed by an iterative process
of finding new rows to scan using Gaussian Process Regres-
sion (GPR) based Bayesian optimization. For validation, both
numerical and experimental examples, including wire and patch
antenna arrays, are provided. Results show good performance of
the proposed method, enabling rapid near-field acquisition within
minutes, making it suitable for large-scale and high-resolution
EMF scanning applications.

Index Terms—Near-field measurement, adaptive sampling, on-
the-fly scan, Bayesian optimization, Gaussian Process.

I. INTRODUCTION

RADIO frequency near-field scan (NFS) measurement is a
sophisticated technique with wide-ranging applications,

such as integrated circuits, antenna measurements, and elec-
tromagnetic compatibility (EMC) tests [1], [2]. Due to varia-
tions of field distribution at sub-wavelength scale, near-field
scanning generally requires much higher spatial resolution
compared to far-field measurements. Depending on the field
probe in-use and the performance of the positioning system,
the best spatial resolution achievable in near-field scanning
typically begins at several tens of micrometers. Hence, when
performing an equidistant near-field scan with sub-millimeter
spatial resolution, even a scan area of just a few centimeters
can require significant time and effort.

Over the past decade, researchers and engineers have made
extensive efforts to provide effective solutions, reducing both
the required sampling points and the average measurement
time per point. For example, the total number of points
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required for NFS, can been minimized through adaptive field
acquisition using sparse sampling techniques. These include
iterative sampling using interpolation technique [3]–[5], ma-
chine learning (ML) method [6], [7], and sequential spatial
adaptive sampling [8], [9]. These approaches have shown suc-
cessful applications in benchmark examples with experiments.
Meanwhile, high-bandwidth instruments and high-speed scan-
ning gantries have been integrated in modern NFS systems,
greatly reducing measurement times and waiting periods. This
enables NFS in motion, known as on-the-fly (OTF) scanning,
drift scanning, or raster scanning [10], as an alternative method
to minimize scanning time.

Recently, the OTF method has been further enhanced based
on a new reformulation of the problem from a signal process-
ing perspective [11]–[13], eliminating overall communication
overhead during the measurement which will be briefly de-
scribed in Sec. II. Building on this new OTF scan technique,
we propose a novel adaptive scanning method for planar NFS
that utilizes iterative OTF scans rather than traditional point-
wise scans. The remainder of this paper will first explain the
details of this approach, followed by numerical and experi-
mental validations, and final a conclusion.

II. ADAPTIVE OTF SCAN APPROACH

As shown in Fig. 1, the OTF scan begins with a predefined
motion profile, y(t), which specifies the full scanning time
and velocity. During the scan, the transient probe signal is
fully captured as u(t). Theoretic derivation discloses that the
motion effects on the induced probe signal corresponds to
a magnitude- and phase-modulation. Through in-phase and
quadrature (IQ) demodulation followed by time-to-space map-
ping, the spatial complex field distribution, H(y) and ϕ(y),
can be precisely reconstructed from u(t) and y(t). Notably,
the enhanced OTF scan differs from the standard OTF scan in
its continuous data acquisition and post-processing. A detailed
formulation and explanation can be found in [11], [13]. In the
following, the enhanced OTF scan method is to be applied to
adaptive planar near-field scans.

In a planar near-field measurement, the traditional adaptive
scan approach treats sampling as a 2D problem, using a
step-scan method that captures the field point-by-point. By
substituting a point-by-point scan with a line-by-line scan,
we propose an adaptive OTF scan method. In this approach,
iterative line scans are performed along the y-axis, from
(x, ya) to (x, yb) at fixed x-coordinates, referred to as row
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Fig. 1. Depiction of the enhanced OTF scan method with a coil antenna at
a single frequency. The transient voltage signal, u(t), from the fast-moving
probe is fully captured, allowing millions of spatial samples per second along
the scan path without sacrificing measurement accuracy [13].

scans. Similarly, line scans can be conducted along the x-axis
in the same manner. Each row scan leverages OTF to achieve
a high-resolution field distribution, eliminating the need for
resampling along the row dimension. As a result, regions with
rapidly changing fields require more row scans than those with
slowly varying fields, making the primary task of the adaptive
OTF near-field acquisition the prediction of the optimal row
for subsequent scanning. This can be achieved using a 1D
Bayesian optimization (BO) approach, which is widely used to
select the next evaluation sample based on prior observations.

Since the field values at a given row, comprising thousands
of samples, are not suitable for BO, a statistical aggregate of
the fields is used to create a 1D objective function, G(x),
representing all row scans and serving as the target for
prediction. Here, the mean value is selected, and the objective
function is defined as:

G(x) =
1

yb − ya

∫ yb

ya

F (x, y′) dy′ (1)

where F (x, y) denotes the near-field data provided by a row
scan at a given x. Next, surrogate modeling of G(x) is
performed using all prior row scans for building a probabilistic
model in BO. As addressed in [5], [8], Gaussian Process
Regression (GPR) can be used for surrogate modeling of
F (x, y). As a result, G(x) also follows a Gaussian Process
(GP) and its kernel function can be derived as:

kG(x, x
′) =

1

(yb − ya)2

∫∫ yb

ya

kE((x, y), (x
′, y′)) dy dy′.

(2)
where kE((x, y), (x

′, y′)) stands for the kernel function of the
GPR model of F (x, y). Alternatively, G(x) can be directly
modeled using GPR, and a standard BO procedure [14] is
then applied to G(x) using a radial basis function kernel

kRBF (x, x
′) = exp

(
−|x− x′|2

2ℓ2

)
(3)

Fig. 2. Depiction of a nonuniform array consisting of 30 dipole wires, and
the total E-field measured at z = 5 mm.

where ℓ is the scale length parameter. Finally, the next optimal
row for next scanning is determined by using the upper
confidence bound as the acquisition function

A(x) = µ(x) + κσ(x) (4)

where µ(x) and σ(x) are the GPR posterior mean and stan-
dard deviation at a given x, respectively. κ is a parameter
that determines the exploration/exploitation balance: for high
values of κ, the sampling tends to explore the whole parameter
space; conversely, for low values of κ, the sampling tends
to concentrate on regions of high field value. In this work,
a value of κ = 10 was chosen to emphasize exploration.
The sampling is interrupted when the surrogate models show
no significant changes over multiple iterations, measured by
correlation analysis with previous predictions.

III. DEMONSTRATION AND VALIDATION

To validate the approach, examples from both simulations
and measurements, each featuring complex near-field distribu-
tions, are provided. The proposed method is used to obtain
near-field results, which are then compared against high-
resolution references to assess both efficiency and accuracy.

A. Wire Dipole Array

As illustrated in Fig. 2, an array of 30 short dipole wires is
simulated using a Method of Moments (MoM) solver [15]
at 100 MHz. The dipoles are randomly positioned within
a 100 mm×100 mm area and are individually excited by
complex voltage sources, with magnitudes ranging from 0.5 V
to 1.5 V and phase angles from 0◦ to 90◦. Each dipole
is 10 mm in length and has a radius of 10 µm, ensuring
a suitable aspect ratio for thin-wire assumptions. A high-
resolution planar near-field acquisition, denoted as Eref(x, y),
is conducted at a height of 5 mm above the dipole array,
revealing a highly localized field distribution, as shown in
Fig. 2. Following an initial scan of four equidistant rows along
the y-axis, the adaptive OTF scan is iteratively conducted with
a minimum of 20 row scans. Each row scan, performed at a
specific x-coordinate, returns a 1D E-field distribution curve,
as presented in Fig. 3(a).

Following (1), the target curve of averaged E-field distribu-
tion along x-axis is computed to predict the location for the
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(a)

(b)
Fig. 3. Illustration of the adaptive OTF scan, showing (a) results of all row-
wise scans, and (b) iterative predictions of G(x) based on the first n scans.

next row scan. The adaptive scanning process finishes once
the convergence criterion is satisfied, as depicted in Fig. 3(b).
Subsequently, the total E-field distribution is resampled over
a dense grid using cubic interpolation, resulting in Eotf(x, y),
as shown in Fig. 4(a). For comparison, the E-field deviation
is calculated as ∆E(x, y) = |Eotf(x, y) − Eref(x, y)|, which
is illustrated in Fig. 4(b) and shows good agreement of the
adaptive OTF scanning results with the reference ones. An
additional performance analysis is performed by varying the
dipole array size from 5 to 40 wires. The results of the
parameter sweep are shown in Fig. 5. The analysis indicates
that the impact of the dipole number on the required number of
adaptive OTF scans, Notf, remains limited, fluctuating between
20 and 30 in a non-monotonic manner. Measurement accuracy
is evaluated by calculating the relative error between ∆E(x, y)
and Eref(x, y) over the sampling grid using the 1-norm, which
shows a prediction accuracy of over 92%.

B. Patch Antenna Array

In the section, the efficiency and accuracy of the proposed
method is to be examined by resorting to measurement on
a realistic antenna array operated at GHz frequencies. To
minimize measurement interference, a miniaturized H-field

(a)

(b)
Fig. 4. Comparison of (a) E-field prediction obtained from adaptive OTF
scan, and (b) its deviation to the reference E-field results provided in Fig. 2.

Fig. 5. Examination of the adaptive OTF scan by changing the number of
dipole wires ranging from 5 to 40.

probe with a 3.1 mm tip diameter is used for near-field
scanning. A picture of the measurement setup is shown in
Fig. 6(a). The antenna array is excited with a continuous
3 GHz signal, below its operating frequency of 5 GHz, to
prevent unintended reflections from the industrial robotic arm
during the OTF scan [16], [17]. The antenna array measures
20 cm×20 cm and comprises eight patch antennas connected
through a cascaded phase-shifting network using microstrip
lines. To accommodate the robot’s kinematics, all rapid near-
field OTF scans are optimally conducted along the y-axis,
perpendicular to the array’s feeding line.

For reference, the y-component of the H-fields, Href(x, y), is
first measured using up to 301 row scans over a 30 cm×30 cm
area, positioned 10 mm above the antenna array. Fig. 6(b)
shows the resulting high-resolution H-field distribution, in-
dicating strong reflections at the feed point at the bottom
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(a)

(b)
Fig. 6. Illustration of (a) the experimental setup using OTF scan [12], and
(b) corresponding high-resolution H-field measurement (Hy only) at 3 GHz.

(a)

(b)
Fig. 7. Illustration of the adaptive OTF scan, showing (a) results of all row-
wise scans, and (b) iterative predictions of G(x) based on the first n scans.

(a)

(b)
Fig. 8. Comparison of (a) H-field prediction obtained from adaptive OTF scan
and (b) its deviation to the reference E-field results provided in Fig. 6(b).

and the first power divider in the middle due to impedance
mismatches. The adaptive OTF scan is conducted, starting with
five evenly spaced initial row scans. Meanwhile, the minimum
number of OTF scans is set to 25 based on the numerical test
in Fig. 5. After 20 additional row scans, the object function
G(x) is precisely captured, demonstrating the efficiency of the
proposed adaptive scan method, as shown in Fig. 7. Similar
to the simulation examples, the 2D near-field distribution,
Hotf(x, y), is visualized by interpolating the full grid based
on all 25 row scans. Measurement accuracy is evaluated by
calculating the deviation, ∆H(x, y), obtained by subtracting
Hotf(x, y) from Href(x, y), as shown in Fig. 8. With a scanning
speed of up to 2 m/s, each row scan takes approximately
1–2 seconds, resulting in a total scanning time of less than
one minute for the adaptive OTF scan. This includes the time
required for GPR-based BO, which is less than 0.1 second per
iteration.

IV. CONCLUSION

This work introduces a novel adaptive sampling approach
for planar near-field acquisition. Leveraging a state-of-the-art
OTF scanning technique, the 2D planar sampling is simplified
into a 1D curve-fitting process, effectively handled using the
GPR based BO method. Numerical and experimental examples
demonstrate the efficiency and reliability in managing near-
fields with substantial complexity. Future research of the
proposed method will explore its application in broadband
scenarios for rapid near-field modeling and far-field prediction.
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