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Abstract — In this work, we investigate how a
faster computation of microstrip antenna resonant
frequencies or slot dimensions could be enabled by a
prediction algorithm written in script language such
as MATLAB, instead of having to run a full-wave
solver. Following our earlier study of the behavior
of the first three modes of a slotted rectangular mi-
crostrip antenna (SRMA), we now use those results
as a basis for a MATLAB-based algorithm for the
computation of the SRMA resonant frequencies or
slot dimensions.

1 INTRODUCTION

In modern wireless communications, multiband an-
tennas are typically designed by introducing slot(s)
into the patch surface, and by the extensive use of
a full-wave electromagnetic solver (FWS) to opti-
mize the design and compute the resonant frequen-
cies [1, 2]. In fact, desired resonant frequencies are
achieved by re-running an FWS and tweaking the
antenna geometry (including the slot length, width,
and the location as well as the position of the diodes
or shorting pins that are sometimes added to the
slots).

While full-wave EM solvers will remain the ulti-
mate tool for antenna design and optimization, due
to the complexity of the overall design and non-
linear behavior of the resonant frequencies due to
parameter variations, in this work, we investigate
the algorithm that could enable fast computation of
the antenna resonant frequencies or slot dimensions
using a prediction algorithm written in MATLAB,
rather than using a full-wave solver. In our earlier
work [3], we studied the behavior of a slotted rect-
angular microstrip antenna (SRMA) resonant fre-
quencies of the first three modes (Fig. 1), in detail,
and showed the subtlety of the resonant frequency
(fr) behavior as a function of the slot parameters.
At this point, we seek to accomplish two goals: i) to
find a suitable algorithm that can adequately inter-
polate and predict the SRMA resonant frequencies
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(based on the results from [3] and expanding them);
ii) to implement an algorithm that will be able to
solve the inverse problem, i.e. for the targeted res-
onant frequency and mode of operation, to deter-
mine the necessary dimensions of the slot. While
the credible data samples had been obtained by an
FWS, the prediction algorithm(s) were prepared as
MATLAB scripts.

Figure 1: An example of SRMA layout used for
parametric studies.

2 DATA FITTING ALGORITHMS

The initial SRMA was designed to have the dom-
inant mode at 2.45 GHz on a substrate of rela-
tive permittivity 2.56 that is 1.524 mm thick. For
that, the calculated patch dimensions were W =
45.89 mm and L = 37.65 mm, and the x-coordinate
of the feed (taken from the patch edge, as in Fig. 1)
is xf = 25.55 mm, while yf = W/2.

Of the three analyzed modes, fr of mode 1 typ-
ically changes monotonically, while modes 2 and
3 can exhibit an oscillating nature in terms of fr,
thus making it harder to fit. Although mode 1 is of
primary interest for an antenna user, higher order
modes can sometimes be of interest due to having
the radiation lobe peak in the off-zenith direction.



Morevoer, modes 2 and 3 should also be observed
because of not being too far from mode 1 on the fre-
quency axis, if multiband behavior of the antenna
is considered.

Data interpolation was initially tried with a poly-
nomial regression algorithm (PRA). Depending on
the number of data points and antenna mode, data
fitting by PRA was more or less close to the data
set, once the optimal degree of the polynomial was
chosen. Yet overall, PRA exhibited insufficiently
satisfactory results for data sets where fr did not
change monotonically, unless a higher degree of the
polynomial was used, but in that case, there oc-
curred a problem of over-fitting (oscillations in the
curve). Searching for a more robust data interpola-
tion, we implemented the so-called shape-preserving
interpolation algorithm (SPA) [4], which showed su-
perior characteristics over PRA, not only in inter-
polating the data sets of fr, but also in solving the
inverse problem of finding the slot dimensions given
the desired fr. We compared both algorithms in a
number of cases.

Figure 2 shows a few examples of the fr behav-
ior of different modes and slot layouts. In Fig. 2a,
we have mode 1 whose fr changes monotonically
and both algorithms are successful in data fitting
and finding the solution. In Fig. 2b, mode 1 is
shown for the case when the slot distance from the
edge is being varied. The curve changes monotoni-
cally, but does not have a unique solution for some
frequencies. The PRA-based solution will suggest
us two points, while the SPA provides a single so-
lution (which matches one of the solutions of the
PRA fitting). In Fig. 2c, mode 2 is plotted. It
is evident that SPA is more successful in following
the real data (the circles) than the RA and SPA
again offers a single solution, whereas RA suggests
four solutions for the slot dimensions and a given
fr. The situation is analogous in other computed
cases and SPA will always have a better fit with the
given data set than the RA.

SPA is based on the piecewise cubic Hermite
interpolating polynomial, which is an interpola-
tion technique that preserves monotonicity and the
shape of the data. The fitted curve is monotonic
where the data are monotonic and the curve has
a local extremum where the data have it. SPA
determines the slopes in a way that there are no
overshoots and oscillations where the data are not
smooth.

2.1 SPA Verification

The validity of the SPA-based curves was tested by
comparing these results with the results obtained
by an FWS [5]. The SRMA was simulated by the

(a) mode 1, xlen=1 mm

(b) mode 1, xlen=1 mm, ylen=10 mm

(c) mode 2, xlen=1 mm

Figure 2: Three examples of fr behavior and suc-
cessfulness of data fitting using two algorithms.

FWS for ten values of the slot length (the slot
in this case was laid along the longer side of the
patch). Then, five odd-number points were used to
construct the interpolant curve using SPA, while



Table 1: Comparison between the SPA- and FWS-
based results for mode 1.

cut ylen = 5 mm

cut xlen
FWS SPA

error (%)
mm fr (GHz)

3.222 2.3523 2.3545 0.09

7.666 2.3404 2.3407 0.01

12.111 2.3200 2.3189 -0.05

16.555 2.2882 2.2900 0.08

21.000 2.2629 2.2627 -0.01

five even-number points were used to compare the
result calculated by SPA vs. the result obtained by
the FWS.

The comparison is shown in Table 1 for
cut ylen = 5 mm as a parameter. For most val-
ues, the comparison indicates a very small discrep-
ancy between the results, given the fact that the
SP-interpolation curve was created based on five
points only.

2.2 Solving the inverse problem

The inverse problem here means to determine how
long (or wide) the slot should be given the de-
sired resonant frequency. To tackle that, the inter-
polation algorithm was appended by a zero-search
and root-finding algorithms which were applied to
the SPA-based and PRA-based curve, respectively.
In Fig. 2, we showed the solutions for both algo-
rithms. It is evident that the zero-search algorithm
(the green triangle marker) finds one point as a so-
lution on the curve, whereas the root-finding al-
gorithm (the black squares) can suggest multiple
points as the solution if the interpolant curve does
not change monotonically. Just as the SPA curve
generally follows the sample points better than the
PRA curve, the zero-search algorithm applied over
an SPA curve is also found to be a better choice
than the root-finding algorithm.

3 SCALING THE RESULTS

Since we have assumed scalability of the results,
the parameters on the abscissa, as in Fig. 2, are
always shown normalized to the respective antenna
dimension (W or L).

3.1 Scaling to a different frequency

The scalability of the results was tested on the
SRMA that was scaled to have mode 1 at 1.5 GHz.
Table 2 shows the parameters values of the original

Table 2: The parameters values of the original an-
tenna and the new antenna.

parameter fr = 2.45 GHz fr = 1.5 GHz

W, mm 45.89 74.95

L, mm 37.65 61.95

cut xdist, mm 5 8.23

x feed, mm 25.55 42.23

εr 2.56 2.56

h, mm 1.524 1.524

(a) antenna parameters

fr, GHz cut ylen, mm

2.45 1 5 10

1.5 1.6333 8.1667 16.3333

(b) a few original and scaled values of cut ylen
parameter (scaled with respect to W )

design at 2.45 GHz vs. the new design at 1.5 GHz.
Parameters cut xlen and cut ylen from Table 1
were now scaled to the same fraction of the new
W and L.

We tested the SPA such that five even-number
points (Table 1) from the original SRMA were
scaled to new values and SPA made the interpo-
lation curve based on them. The comparison with
FWS-based results was then done on the five odd-
number points. The results are shown in Table 3
and show close match between the FWS- and SPA-
based results.

Table 3: Comparison of the FWS-simulated and
SPA-predicted resonant frequencies of 1.5 GHz
SRMA

fr of mode 1, GHz

cut ylen = 8.1667 mm

cut xlen (mm) FWS SPA error (%)

5.3024 1.4550 1.4416 -0.9210

12.6161 1.4461 1.4331 -0.8990

19.9298 1.4280 1.4197 -0.5812

27.2435 1.4100 1.4021 -0.5603

34.5572 1.3980 1.3853 -0.9084

3.2 Changing the substrate permittivity

Moreover, we kept the original dimensions of the
2.45-GHz SRMA, but changed the relative permit-



tivity of the substrate to be a lossy FR-4 substrate,
with εr = 4.3 and σ = 0.025 S/m, for being the pa-
rameters that will be present in the manufactured
samples of the SRMA. Figure 3 indicates that the
resonant frequency values show the same trend as
was seen in Fig. 2b for the original SRMA design,
here just having lower values of fr due to using
higher value of εr, which is another aspect of the
presumed scalability of the originally stored results.

Figure 3: An example of SRMA layout used for
parametric studies.

4 CONCLUSIONS

In this paper, we showed that a nonlinear behav-
ior of the SRMA resonant frequencies can be well
interpolated using the shape-preserving algorithm
in MATLAB or similar script language and the in-
verse problem can be found with a unique solution
when a zero-search algorithm is implemented along
with the SPA. The interpolation of the data and
the inverse problem solving are less accurate if a
regression polynomial and a root-finding algorithm
are used instead, respectively. For verification, a
few selected SRMA designs will be fabricated, mea-
sured and compared vs. SPA-based results.

Albeit the procedure discussed here is limited in
a sense that the initial data sets must be obtained
by a full-wave solver, it would be needed only once
for the particular antenna type (e.g. a single-slot
SRMA) and the FWS-derived results then stored
for future post-processing by the SPA. The SPA-
based script could then analyze a particular data
set and determine the solution to the problem and
the inverse problem.

If proven feasible, we hope this approach could
provide antenna engineers a faster computation of
SRMA resonant frequencies and slot dimension(s)

using a MATLAB-like code instead of always hav-
ing to run an electromagnetic solver. In addition,
the SRMA analysis theory might eventually be en-
riched with heuristic equations that could be de-
rived to relate the resonant frequencies with slot
dimensions, at least for some design cases.

Although some may question whether this ap-
proach is worthwhile given the fact that modern
computers and full-wave solvers can analyze an-
tenna design in a reasonably short time and pro-
vide trustworthy results, full-wave electromagnetic
solvers are less available due to their fairly high
cost. If the initially acquired data were stored
somewhere in the public domain, more users could
take advantage of them using some of the more
common software such as MATLAB, Octave, or
Python.
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