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Abstract—Sparse emission source microscopy (ESM) is an
efficient method to identity radiating sources. With the purpose
to minimize the number of required measurement points, the
presented work investigates how numerical properties of sparse
ESM affects the quality of source reconstruction. A simulation
model of a simple PCB was used instead of measurements to iso-
late the observed effect of the 2D discrete Fourier transformation
(DFT) and the plane wave spectrum’s numerical properties. The
paper shows that sub-Nyquist is achievable and suggests uniform
sampling is superior to nonuniform, in contrast to other reported
uses of microwave imaging. Finally, the study shows that if the
source reconstruction is based on uniform 2D DFT care should
be taken with the previously suggested intelligent selection of
sparse samples based on real-time observation of the measured
field.

Index Terms—Sparse Emission Source Microscopy (ESM),
sampling rate, sub-Nyquist, source reconstruction, non-uniform
sampling.

I. INTRODUCTION

AS data rates and clock frequencies increase, EMI prob-
lems at several GHz have become significant. For ex-

ample optical transceiver modules often cause EMI problems
at several GHz [1] and the coming 5G wireless network
operates at multiple GHz frequency bands [2], [3]. Legal
authorities now set emissions requirements up to 40 GHz [4].
The wavelength at 10 GHz is 3 cm and radiated emission is
caused by direct radiation from sub-elements of printed circuit
boards (PCB), connectors, etc. rather than induced common
mode currents on attached cables.

Emission Source Microscopy (ESM) is a measurement
method that can identify the radiating sources of a complex
system [5]. The phase resolved tangential electric field is
measured on a plane above the device under test (DUT) and
the plane wave spectrum is backpropagated to the source
plane, where the radiating field sources are reconstructed
with a resolution down to a half wave length. If the wave
propagates in a medium with very high permittivity (e.g.,
water [6]), the resolution can be finer. Traditional near-field
scanning measures the near-field very close to the DUT and
hence the evanescent waves are often dominant, this may
cause misinterpretation of the near-field scan. Contrary ESM
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Fig. 1. ESM can theoretically be done at all scanning heights. (a) A Precision
near-field scanner. (b) Homemade hand held scanner with two position coders.

directly reveals the sources for radiated emission. Previous
work has shown that the method can distinguish between
multiple radiating sources on a complex PCB above 5 GHz
[7] and helps mitigate EMI problems above 10 GHz. [8].

In sparse ESM, the sources are reconstructed by measuring
a relatively few number of points. In previous sparse ESM
work [9] with non-uniform sampling and similar work with
millimeter-wave imaging [10], [11], points are selected on a
planar measurement grid with zeros where no measurement
has been taken. The sources are reconstructed by backprop-
agating the plane wave spectrum of the measurement points
including the zero grid.

Theoretically, ESM can be done at all distances as long as
the aperture angle is large enough. For example, a traditional
robotic near-field scanner with a measurement distance of a
few cm and a 2D positioning rack with a measurement distance
of 20-30 cm depending on DUT size is shown in Fig. 1.

Researchers often refer to the Nyquist spatial sampling rate
as step size < λ

2 , without further discussion. In microwave
imaging, researchers have observed that it is possible in
some cases to obtain acceptable image quality with step sizes
larger than λ

2 [10]–[13]. Compressed sensing [14] and non-
uniform Fourier transform [15] have also been used to obtain
acceptable image quality with sampling below < λ

2 . Non-
uniform sampling is reportedly superior to uniform sampling
when below Nyquist [11].

A manual scanner is an effective tool for fast scanning if
the purpose is diagnostic, e.g., finding radiating sources. It has
been suggested that the operator of the manual scanner can
make intelligent decisions regarding the selection of measure-
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Fig. 2. 2D ESM algorithm.

ment points by viewing the real time reconstructed image [10]
or by collecting denser measurements at the locations where
the field intensity is strong [9].

Reducing the number of measurement points without de-
grading the quality of the reconstructed image is of large in-
terest. In order to obtain the best picture quality with the fewest
possible measurement points, a fundamental understanding of
the effect of selecting measurement points is needed.

This study shows that an inherent property of ESM is
the spatial sampling rate can be far below Nyquist without
degrading the quality of the reconstructed image of the DUT
itself. Furthermore, clustering measurement points degrade
image quality of the DUT itself and, hence, intelligent manual
selection of measurement points is difficult. Since random
non-uniform selected measurement points to some degree also
cause clustering, uniform sampling seems beneficial to non-
uniform for ESM based on 2D DFT contrary other post-
processing methods, e.g., compressed sensing.

Section II introduces the general 2D sparse ESM algorithm
and discusses the 2D Fourier transformation vs. Nyquist spatial
sampling rate and phase change. Based on this mathemat-
ical discussion, source reconstructions were performed for
different selections of measurement points. The numerical
model is described in Section III and the results are presented
and discussed in Section IV. Some rules of thumb for the
spatial sampling rate vs. measurement height are suggested in
Section V and finally the conclusions are drawn in Section VI.

II. SPARSE EMISSION SOURCE MICROSCOPY

A. 2D Sparse ESM Algorithm

The ESM algorithm is illustrated in Fig. 2. The tangential
electric (or magnetic) fields are measured on a plane in discrete
points and 2D Fourier transformed to the plane wave spectrum:

f(kx, ky) =
1

NM

N∑
n=1

M∑
m=1

E(xn, ym, z0)ej(kxxn+kyym) (1)

where kx and ky are the spectrum wavenumbers in the x-
and y-directions [16]. The spectrum on the source plane can
be found by backpropagating the plane wave spectrum to the
source plane (z = 0):

f(kx, ky, 0) = f(kx, ky) · e−jkzz0 (2)

where

kz =
√
k2 − k2x − k2y (3)

Real kz corresponds to radiating waves while kz with a non-
zero imaginary part correspond to evanescent waves. Before
backpropagating, the non-real kz is nullified and only the ra-
diating part is reconstructed by inverse Fourier transformation:

E(x, y, 0) = F−1(F [E(x, y, z0)] · e−jkzz0) (4)

where z0 is the scanning height and F−1 and F are the
Fourier and inverse Fourier operators.

As known from the theory of optical lenses [17] the reso-
lution of the backpropagated image can be no better than

R <
λ

2nsinθ
(5)

where n is the refractive index and θ is one-half of the
aperture angle as shown in Fig. 2. ESM is usually done in air
with n ≈ 1.

Sparse ESM can be measured with relatively few mea-
surement points. If sparse ESM is done with non-uniform
measurement points, a predefined grid of zero values is used
to do the 2D Fourier transformation, which then is carried out
on the matrix with the measured values and the zeros from
the raw measurement grid. The zero grid is usually defined
with a step size which is much smaller than the wavelength
to minimize the phase errors in the measured field caused by
the difference between the actual and discretized locations of
the probe. A typical choice could be 1 mm step at 20 GHz,
resulting in 1

20 wavelength positioning error and corresponding
small phase error. The zeros will cause noise in the image and
the signal to noise ratio is approximately equal to the number
of sparse samples independent of the density of the grid [9].
The fine measurement grid (with zeros and measurements)
increases the number of pixels in the reconstructed image and
visually helps to identify the radiating sources.

B. Nyquist Sampling Rate and Selection of Points

As mentioned in Section I, researchers often refer to the
Nyquist sampling rate as step size < λ

2 without further
analysis. A more precise formulation of the Nyquist sampling
criterion requires samples be taken with a rate doubled relative
to the fastest rate of change of the signal. A few wavelengths
away from an electrically small source, spatial Nyquist crite-
rion requires only that the phase shift from one sample to the
next must be less than π at a given frequency [18].
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Fig. 3. The maximal phase shift occurs between two sampling points near
the edge of the scanning plane.

According to (5), a good resolution requires a large aperture
angle and hence the source must be small compared to
the measurement plane. In the microwave frequency range,
typical sources (ICs, transmission line bends, connectors, etc.)
are small, and, therefore they can be approximated as point
sources. Let’s consider radiation from an individual point
source located at the center of the aperture as shown in Fig. 3.
The maximal phase shift occurs between two sampling points
near the edge of the scanning plane. In this ideal setup, the
phase shift between two points on the measurement plane is
given by:

k(L1 − L2) = k
√
d2 + z20 −

√
(d−∆s)2 + z20

≈ k0∆s · sin θ
(6)

where it is assumed that z0 � ∆s.
Nyquist sampling criteria requires the phase shift to be less

than π and since λ = 2π/k0 the maximum step size is given
by

∆s <
λ

2 sin θ
(7)

For adequate scanning height (see Section II-C), the sam-
pling criteria is given by a combination of wavelength and
aperture angle. As the aperture angle approaches 90◦ the
maximum step size comes close to λ

2 . For further analysis,
the phase shift distance in a point on the measurement plane
is defined as the shortest distance to the next point 180◦ out
of phase.

If the DUT is approximated as a point source the distance
between a 180◦ phase shift on the scanning plane can be
approximated with the same arguments as in (7):

dphase shift ≈
λ

2 sin θ
(8)

where θ is the actual scanning angle. Equation (8) does
of course only make sense for significant aperture angles, as
the phase shift distance according to equation (8) approaches
infinity as θ goes to 0.

Scanning plane

Distributed electrically
small sources

θ
θmax

θmin

Fig. 4. Scanning of a DUT with distributed point sources requires a
clarification of the angles. θmax determines the step size while θmin determines
the resolution of the reconstructed image.

C. Scanning Height and DUT Size

In the derivation of (7), it was assumed that the source on
the DUT could be approximated with a point source. However,
if the DUT is a combination of electrically small sources a
clarification of the angles is needed.

Electromagnetic fields in linear media follow the superpo-
sition principle, hence, the total electric fields of several point
sources are the sum of the individual fields:

Etotal(x, y, z0) =

N∑
n=1

En(x, y, z0) (9)

The 2D DFT is also a linear function and the plane wave
spectrum of distributed sources is the sum of the individual
plane wave spectrum:

F(

N∑
n=1

En[x, y, z0]) =

N∑
n=1

F(En[x, y, z0]) (10)

Hence, for a DUT with distributed sources the minimum
required steps size is still given by (7) where θ refers to the
largest scanning angle as illustrated in Fig. 4. The resolution
given by (5) is determined the minimum scanning angle. The
angles can easily be determined geometrically as illustrated in
Fig. 4.

The above statement is only true if each individual source
is measured in the far-field. To do so, this places an additional
condition on the scan height. For electrically large sources,
this condition can be written as:

z0 >
2D2

λ
(11)

where D is the largest dimension of the individual source ap-
proximated with a point source. For electrically small sources
a few wavelengths is sufficient.

In general, it is not required to do ESM in far-field.

III. TEST MODEL

With the purpose of demonstrating the effect of scanning
height, sampling rate, and selection of measurement points on
the image quality, a simple 1.4 mm two-layer PCB with a few
sources was simulated. The PCB has a 100 mm × 100 mm
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Fig. 5. (a) The simulation model in CST. (b) The electric field above the
PCB on a 900 mm × 900 mm plane was exported.

unbroken ground plane with two 20 mm long 50 Ω micro strips
and a 20 mm × 20 mm metal box similar to a heat sink. The
micro strip is excited with a 50 Ω S-parameter port in one end
and terminated with 50 Ω in the other end. The micro strip is
well impedance matched to 50 Ω so only the excitation and
termination at the end will radiate. The microstrip itself is
quasi-TEM and will not radiate. The heat sink is also excited
with an S-parameter port in order to make it radiating. The
board is shown in Fig. 5. The electric tangential phase resolved
field at a 900 mm × 900 mm plane was extracted from the
simulations at the heights 50, 100, 200, 300 and 400 mm. The
900 mm × 900 mm was chosen as representative for the size
of a scanner as shown in Fig. 1 (b). The field was exported at
10, 15, and 20 GHz.

The simulations were done with the FIT solver in CST
Studio Suites [19]. In order to avoid numerical dispersion, the
mesh was very dense with more than 500 million mesh cells.

For this study, simulations have the advantage compared
to measurement because the field monitors are perfect and
do not have a beam width like horn antennas and open
waveguides. Hence, the observed effects can be isolated to
numerical properties of the sparse ESM method, i.e., aliasing,
non-uniform sampling, and other properties of 2D DFT. Since
non-uniform sampling is used in the study, a predefined grid of
zero values is used and in addition the fine zero grid increases
the number of pixels in the reconstructed image. These zeros
affect the amplitude of the field in the reconstructed image
and, hence, the amplitudes have been normalized according to
the method mentioned in [9].

The ESM method was applied on the exported data in
MATLAB and results observed.

IV. RESULTS AND DISCUSSION

For reference, the reconstructed sources for 10 and 15 GHz
with a measurement height of 300 mm are shown in Fig. 6.
All 901 × 901 points on the measurement plane are used for
reconstructing corresponding to a measurement with step size
= 1 mm, far above the spatial Nyquist sampling rate.

The amplitude range in the image is 15 dB and only the
reconstructed image of the PCB ± 50 mm is shown. The PCB
is placed in the center of the measurement plane with corner
position (400,400) and (500,500). At 10 GHz especially, the
heat sink and the 50 Ω terminations radiate. At 15 GHz, both
the excitation and termination points of the microstrip radiate

Fig. 6. Comparison of source reconstruction for 10 and 15 GHz both with
z0 = 300 mm.

Fig. 7. Phase on the measurement plane with z0 = 50 mm and z0 = 400
mm.

while the radiation from the heatsink is weaker. The plots also
illustrate the resolution of the image vs. wavelength according
to (5) since the size of the radiating sources is larger at 10
GHz compared to 15 GHz.

In order to make arguments clear, only results for 15 GHz
are shown in the following analyses, but the papers conclusions
have also been verified for 10 and 20 GHz.

A. Sampling Rate and Aliasing

Fig. 7 shows the phase of the Ex field on the 900 mm×
900 mm measurement plane at the two extreme cases of the
scanning height, z0 = 50 mm and z0 = 400 mm. The figure
visualizes the discussion about phase shift in Section II-B. In
the center of the measurement plane just above the DUT the
phase is irregular and away from the center the gradient of the
phase increases.

Fig. 8 shows the phase shift distance (8), i.e., the distance
to the closest point 180◦ out of phase along the x-axis in the
center of the measurement plane (y = 450). A short distance
away from the center of the measurement plane, the simulated
phase shift distance is in agreement with the analytical phase
shift distance which support it is reasonable to approximate
the sources as point sources. 50 mm above the PCB the phase
shift distance approaches λ

2 very fast while even at the edge of
the z0 = 400 mm measurement plane, the phase shift distance
is 0.7 λ. Hence, if the measurement is done at z0 = 400 mm,
the phase shift requirement for spatial sampling only 0.7 λ.

From (5) and (7) it is now possible to calculate the spatial
sampling rate and scan area for a given required resolution.
Assuming an aperture angle of 45◦ gives sufficient resolution,
then a step size of λ√

2
is sufficient in order to avoid aliasing.

An aperture angle of 45◦ gives a scanning square with a side
length equal to double scanning height. Fig. 9 shows scanning
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Fig. 9. The scanning points for z0 = 100 mm (left) and z0 = 300 mm (right)
visualized.

Fig. 10. The reconstructed image for z0 = 100 mm (left) and z0 = 300 mm
(right) plane.

points corresponding to an aperture angle of 45◦ and a step
size of λ√

2
. If the scanning height is 100 mm, it requires 142

= 196 measurement points while a scanning height of 300 mm
requires 3 × 3 times as many scanning points.

The reconstructed image is shown in Fig 10. The two

images are very similar and despite step size larger than
λ

2
,

there is no aliasing. From signal processing it is well known
that with correct filtering, sampling above Nyquist does not
provide more information. Even though the z0 = 300 mm
scanning image is based on 9 times more samples, the quality
of the reconstructed image is not better because most of the
points are just sampling points denser than the Nyquist phase
requirement.

Since 9 times more scanning points on the z0 = 300 mm
does not improve the image quality, it is worth testing whether
it is possible to obtain the same image quality from the z0 =
300 mm plane with the same number of measurement points

Fig. 11. 142 scanning points on the z0 = 100 mm (left) and z0 = 300 (right)
plane.

Fig. 12. Reconstructed image for 142 scanning points on the z0 = 100 mm
(left) and z0 = 300 (right) plane.

as on the z0 = 100 mm plane. The measurement points on
the 100 mm plane were projected to the 300 mm plane as
shown in Fig. 11 and the field information at the 300 mm plane
was extracted. Hence, scanning the measurement plane further
away provides same information about the radiated field as the
scanning on the lower plane. On the 300 mm plane the step
size is 3· λ√

2
= 2.1λ. This is more than 4 times the restrictive

λ
2 view on the Nyquist sampling.

The reconstructed image is compared with 196 points on
z0 = 100 mm in Fig. 12. Again, the two images are clear and
very similar, but they are also based on the same information
about the radiated field. Compared with Fig. 10 there is no
significant difference.

At a glance, it seems surprising that a step size 4 times
larger than λ/2 does not cause aliasing and that’s not the truth
either. Fig. 13 shows the reconstructed image on the whole
plane and now the aliasing becomes clear. In 1D DFT higher
frequencies than the sampling frequency are folded around the
sampling frequency. Fig. 14 shows the normalized k-space for
the two different number of samples. The aliasing in the k-
space is clear and the higher frequency plane waves are leaking
into the visible part of the k-space. However, as long as the
spatial aliasing disturbance is far from the source, aliasing will
not degrade image quality. The down-sampling will determine
the number of aliasing images, which is limited by DUT size
in order to avoid overlapping aliasing images with the DUT
image.

B. Effect of Zero Grid

As mentioned in Section III a zero grid was used. The
advantage of the zero grid is illustrated in Fig. 15. 14 × 14
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Fig. 13. Reconstructed image of 196 points on z0 = 300. There is no aliasing
in the interesting part of the reconstructed image (left) while the sub-Nyquist
sampling causes aliasing outside the region of interest.

Fig. 14. The normalized k-space of 196 and 1764 points on z0 = 300. When
the sampling is sparse, the repetition pattern moves into the visible part (a
circle with radius 1) of the k-space.

measurement points were taken at z0 = 100 mm with and
without using zero grid. The zero grid does not add more
information, however, the increase in pixels makes it easier to
identify the source.

Fig. 15. The effect of zero grid illustrated for 142 measurement points with
z0 = 100 mm.

If samples are taken sub-Nyquist, the effect of the zero grid
is even more clear. In Fig. 16 14 × 14 measurement points
were taken at z0 = 300 mm with and without using zero grid.
It is clear that the sub-Nyquist only works with the zero grid.
One reason obviously is that pixel size is equal to step size and
with a step size of 2.1 λ it is not possible to distinguish sources
with better resolution. The other reason is that the plane wave
spectrum of the 14 × 14 measurement points without zero
grid has no imaginary part and hence the aliasing occurs in
the visible part of the plane wave spectrum.

Fig. 16. The effect of zero grid illustrated for 142 measurement points with
z0 = 300 mm.

Fig. 17. 196 uniform points (left) and 196 uniform points + 50 extra points
around high amplitude points (right).

C. Intelligent Sampling

As mentioned in Section I, it has been suggested that the
operator of a manual scanner can select measurement points
on the run in an intelligent way, e.g., by taking more mea-
surements where there is a strong field. In order to mimic an
intelligent operator, 196 measurement points on the z0 = 300
mm were chosen uniformly as in Fig. 11. Next 50 points extra
were added in regions with strong field amplitudes. Human
behavior was mimicked by setting a minimum distance of 20
mm between 2 measurement points. The selected measurement
points are shown in Fig. 17.

In Fig. 18, the reconstructed field with and without the 50
extra points is shown. The extra points actually degrade the
image quality by adding non-uniform aliasing noise to the
image. This phenomena is rather complex [20] and outside
the scope of this paper but the effect is evident in Fig. 18.
The aliasing does not occur because of sub-Nyquist. When
25% extra points were added to the 1764 points in Fig. 9 with
a minimum distance of 6.7 mm, i.e., 1

3 minimum distance
compared to the 194 points example, the same degradation
of the image quality was observed. If the minimum distance
between extra points was reduced, the noise worsened. Adding
extra points based on the gradient of the phase was also tried,
but similarly to the amplitude-based extra points it caused
noise. This result indicates that as long as uniform 2D DFT
is used, uniform sampling gives the best picture quality in the
area of interest. However, according to (1) weak E-fields do
not contribute significantly to the Fourier transformation so
areas with weak E-fields can be omitted from the scanning as
long as the rest of the scanning is done uniformly.
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Fig. 18. Reconstructed image with and without 50 extra points.

D. Uniform vs. Random Sampling

As mentioned in Section I, other research areas use non-
uniform sampling when below Nyquist. In compressed sensing
it helps converging the reconstruction algorithm. In Fig. 19,
uniformly vs. randomly selected scanning points are illus-
trated. Again, 196 scanning points were used corresponding
to average step size of 2.1 λ.

Fig. 19. 196 uniformly sampled points on the z0 = 300 mm scanning plane
(left) and 196 randomly selected points (right).

The reconstructed source image is shown in Fig. 20 includ-
ing both a zoomed version showing the area of interest and
the full scanning plane. The images show that the randomness
causes background noise in the area of interest (compared
with Fig. 12). This is probably caused by non-uniform aliasing
similar to the extra point case described in Section IV-C. As
observed in other research areas, the general aliasing on the
whole plane is reduced (compared with Fig. 13). In ESM, only
a small area in the center of the scanning plane is of interest,
so in spite of less general aliasing, uniform sampling seems
superior to nonuniform when reconstruction is based on 2D
DFT of a uniform zero grid.

Fig. 20. Reconstructed image of the random sampled.

Fig. 21. 1764 uniformly sampled points on the z0 = 300 mm scanning plane
(left) and 1764 randomly selected points (right).

Fig. 22. Reconstructed image of the random sampled above Nyquist sampling.

It was also tested whether non-uniform scanning introduces
background noise in the reconstructed image, if the spatial
scanning rate is chosen above Nyquist. In Fig. 21 1796 non-
uniform points were selected on the z0 = 300 mm plane, i.e.,
average step size below the Nyquist criteria given in equation
(7). The reconstructed source image is shown in Fig. 22. No
background noise was introduced.

V. SELECTING SPARSE MEASUREMENT POINTS

Many decisions have to be made before a sparse ESM mea-
surement is started. Based on the observations in Section IV
some rules of thumb for selecting sparse measurement points
and scanning height are suggested in this section.

First, select an aperture angle that covers the main beam of
the radiation and gives the required resolution. The closer the
DUT, the less number of measurement points is required in
order to completely avoid aliasing. However, scanning height
is not that important. If a larger scanning height is required
for practical reasons, choose scanning points on a virtual
lower scanning plane fulfilling the minimum scanning height
mentioned in Section II-C. The scanning points, fulfilling
Nyquist phase requirement, on this lower plane, can then
be projected to the higher measurement plane without losing
information about the radiating field, but at the expense of
aliasing. As long as the aliasing does not overlap the DUT
image it does no harm. If a handheld scanner is used with zero
grid, try to obtain measurement points as uniformly as possible
and avoid denser scanning in regions with strong amplitudes.

VI. CONCLUSION

A basic understanding of how the selection of measurement
points affects image quality is required in order to make
efficient sparse ESM with a low-noise reconstructed image. By
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a simulated example and mathematical arguments, the effect
of sampling rate vs. scanning height caused by 2D DFT is
visualized. In a typical measurement set-up, it is possible to go
far below the spatial Nyquist sampling rate because the spatial
aliasing is folded outside the area of interest. It is a topic for
further study to quantify and generalize aliasing overlapping
or not with the DUT as a function of under-sampling and
height. However, it is rather complex to generalize because
the overlapping occurs in the spatial domain at the source
plane and it is caused by aliasing in the plane wave spectrum
on the scanning plane.

In the example where the individual sources can be approx-
imated with point sources, measurement points on a lower
plane could be projected to a higher plane given the same
reconstructed image in the area of interest despite going sub-
Nyquist.

Contrary to other source reconstruction methods, uniform
selection of measurement point is superior to non-uniform
selection when the source reconstruction is based on 2D DFT
of an uniform zero grid with measurement points because
aliasing away from the DUT does not affect diagnosing of
the radiating sources. This applies only to the cases where the
size of the DUT is small compared to the aperture, otherwise
the aliases overlap with the DUT images.

Previously it has been suggested that an operator of a
handheld scanner can make intelligent choices based on the
real-time reconstructed image, but the results of the study
indicates that this is difficult as long as uniform 2D DFT
is used. Regardless of the criteria for extra point selection,
it seems that clustering measurement points degrades the
image quality. Using non-uniform FFT could be a solution
for intelligent point selection.

Zero grid visually helps identify the sources by adding extra
pixels. In addition, it is a prerequisite for going sub-Nyquist.

The study showed how image quality is affected by numer-
ical properties of the sparse ESM method, basically the 2D
DFT between spatial spectrum and plane wave spectrum. The
image quality is, of course, also affected by the properties of
the measurement equipment which must be considered while
a sparse ESM scan is planned.
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