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Abstract—In this contribution we design, implement and char-
acterise a novel low-profile dual-band loop antenna suitable for
advanced tyre monitoring systems by measurements. The antenna
is omnidirectional in azimuth, vertically polarised and suited for
the European UHF and microwave RFID bands. Our proposed
antenna is compared to a modified monopole antenna, which is in
resonance at the same bands. Both antennas were manufactured
and afterwards measured in an anechoic chamber. Directional
patterns and measured antenna efficiencies are presented.

I. INTRODUCTION

Tyre pressure monitoring systems have become standard

components of most modern personal vehicles. This success

is also promoted by legislation and aims to increase vehicular

safety and lower fuel consumption by ensuring proper tyre

inflation. Current direct tyre pressure monitoring systems use

rather bulky sensor units mounted at the rim of the wheel and

use batteries to supply the sensor electronics and a transmitter

circuit. By moving the sensor unit to the tyre itself, more

parameters can be sensed and tyre identification is possible.

These systems are called Advanced Tyre Monitoring Systems

(ATMS) [1]. Due to the volume and weight constraints in-

volved with this mounting position, the sensor units have

to be very small and preferably omit a battery for power

supply. A possible candidate for communications therefore

is passive Radio Frequency Identification (RFID) technology

which relies on power efficient backscattering technology and

to use radio frequency energy harvesting to power the sensor

circuitry.

Feasibility to include RFID tags in truck tyres was shown

in [2] and tyres with embedded RFID tags are now also

available commercially [3]. However, in both cases the RFID

tags are not read during vehicle movement as necessary for

ATMS and proposed by [4]. For this approach, knowlege

about the radio channel between the sensor unit and a receiver

antenna mounted on the vehicle is crucial [5]–[7], so that read

probabilities can be estimated [8].

In this paper we will present a novel low-profile dual-band

antenna suitable for vehicular body floor pan mounting. We

will compare this antenna to a modified monopole antenna
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Fig. 1. Image of the modified monopole antenna mounted to vehicle body
floor pan in preparations for channel measurements [7].

which was used for the static channel measurements described

in [7] which is unhandy for practical use due to its physical

dimensions. Both antennas serve the European UHF RFID

band at 865MHz to 868MHz as well as the 2.45GHz ISM

band.

II. MONOPOLE ANTENNA

In this section we present a modified monopole antenna

which was designed for the dual-band channel measurements

presented in [7], but there the antenna itself was barely

discussed. The design goals of this antenna are high efficiency,

low influence from the uneven vehicular body floor pan, simple

construction and dual-band capabilities at both, the European

UHF (865MHz to 868MHz) and the microwave RFID band

at 2.4GHz to 2.5GHz. Additionally, a low elevation angle is

preferable, to beam the main lobe of the antenna towards the

wheels.

Fig. 2 presents a technical drawing of the monopole antenna,

its mechanical parameters are summarized in Table I. To

reduce the effects of the uneven vehicular body floor pan

and ensure a low elevation angle, a rather large groundplane
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Fig. 2. Dimensional drawing of the modified monopole antenna.

TABLE I
MECHANICAL PARAMETERS OF MODIFIED MONOPOLE ANTENNA.

Geometry Parameter Variable Value Unit

Groundplane g 40 × 40 cm

Element length lE 78 mm

Element diameter dE 3 mm

PMMA cylinder length lP 34 mm

PMMA cylinder diameter dP 10 mm

with dimensions of 1.16 wavelengths λ manufactured from

brass is used. The radiating element located in the center of

the groundplane is comprised of a copper tube with an outer

diameter of dE = 3mm. The radiating element is directly fed

through a hole in the groundplane with a semi-rigid coaxial

cable of the RG–402 variety, which is terminated in a female

SMA connector. The outer conductor of the coaxial feed

cable is soldered to the backside of the groundplane over

the entire length to form an electrically and mechanically

sound connection. This conventional monopole antenna was

modified by placing a dielectric sleeve constructed from poly-

methylmethacrylate (PMMA) on the lower part of the radiating

element. This dielectric loading electrically lengthens the

radiating element, especially in regions bearing large electric

fields. Due to the well known voltage distribution along a

monopole this dielectric loading close to the groundplane

does not severely affect the λ/4 – resonance of the monopole.

However, the third harmonic is strongly affected due to the

location of one voltage peak on the radiating element close to

the groundplane for 3λ/4 – resonance. Based on this concept,

the PMMA sleeve allows shifting of the natural third harmonic

resonance at 2.600GHz down to 2.45GHz.

A. Simulation Results and Return Loss Measurements

Prior to actual implementation of the antenna the authors

conducted simulations in Ansoft’s HFSS electromagnetic field

simulatior. The permittivity of of the PMMA cylinder was set

to εr = 2.6 and its loss tangent was set to tan δ = 0.008, based

on the results of [9], which were measured at 10GHz. After

fabrication of the antenna and measurement of the return loss

with a vector network analyser (VNA), the dielectric cylinder
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Fig. 3. Logarithmically scaled pseudo-color plot of the gain pattern of the
modified monopole antenna at 866 MHz for vertical polarisation.

proofed to be slightly too long, which was caused by underes-

timation of the permittivity of the PMMA at 2.45GHz, and so

it was shortened to the length stated in Table I. The simulation

was adapted by performing a parameter sweep of the dielectric

constant of the PMMA cylinder using the actual antenna

geometry parameters and picking the permittivity value of

εr = 3 where simulated and measured return loss peaks

of the 3λ/4 – resonance coincide in frequency. A comparison

between the resulting simulated an measured return losses is

plotted in Fig. 10. The antenna achieves a very good return

loss of better than 14 dB from 856MHz to 885MHz and has

an acceptable return loss of 8 dB from 2.4GHz to 2.5GHz.

The simulated radiation efficiency including material losses

is found to be 99% at the lower band and 100% at 2.45GHz.

By including the matching losses the overall efficiency is

calculated to be 93% and 86% at 2.45GHz, respectively.

B. Anechoic Chamber Measurement Results

The antenna is placed in our anechoic chamber and a

near field measurement is performed. The near field data is

transformed to far field data and probe correction for the

used dual ridged horn is applied. A pseudo-colour plot of the

antenna pattern is shown in Fig. 3. This plot, as well as all

following pattern plots is normalised to the global peak of the

antenna being 1 = 0 dB. The antenna exhibits an almost om-

nidirectional pattern in azimuth, as is expected for a monopole

antenna. However, due to the square shaped groundplane, four

lobes pointing in the direction of the edges of the groundplane

appear, which are also identified in the azimuth radiation

pattern in Fig. 4. If the antenna is mounted almost flush with

the vehicle body floor pan as presented in Fig. 1, we expect

this effect to be minimised due to the additional extension of

the groundplane by the metallic environment. However, when

mounting the antenna slightly lower, this beam-effect can be

utilised by shaping the groundplane according to the tyre and

reader antenna positions.
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Fig. 4. Radiation pattern of the modified monopole antenna in Azimuth at
866 MHz.

An additional noticeable effect is a slight concentration of

the radiated energy towards small azimuth angles. This is

caused by the coaxial feed cable which is protruding from the

groundplane on the x-axis, acting as a counterpoise for the

radiating element similar like the corners of the groundplane.

Again, this effect will be minimised in mounting scenarios

similar to Fig. 1.

The azimuth radiation pattern Fig. 4 is plotted for θ = 90◦

and θ = 54◦ as this is the polar angle of the main lobe. The

dependency on the polar angle is plotted in Fig. 5. For all

azimuth angles the main beam elevation angle stays almost

constant at 36◦, but the beam is relatively broad in elevation

so that for zero elevation (θ = 90◦) the power is reduced by

only 5 dB. The directivity calculated from the measurement

results is found to be 4.3 dB.

At 2.45GHz the the elevation angle gets higher, but a

sidelobe at a low elevation angle of 15◦ appears, which can

be seen both in the pseudo-colour plot Fig. 6 and the polar

plot Fig. 7. Due to the smaller wavelength, the groundplane is

electrically about three times larger than for the lower band,

and therefore only minor power concentration towards the

groundplane edges is noticable in Fig. 6. Compared to the

lower frequency pattern, radiated power is more concentrated

in θ and the directivity at 2.45GHz is 6.7 dB.

III. LOW PROFILE DUAL-BAND LOOP

While the modified monopole presented before is an elec-

trically perfect solution for an omnidirectional vehicular body

floor pan antenna for ATMS, it is unsuitable for practical im-

plementation due to its mechanical dimensions. A well known

candidate for a vertical polarised omnidirectional antenna
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Fig. 5. Radiation pattern of the modified monopole antenna in polar angle
at 866 MHz, plotted logarithmically (a) and linear (b) for three ϕ-cuts.
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Fig. 6. Logarithmically scaled pseudo-color plot of the gain pattern of the
modified monopole antenna at 2.45GHz for vertical polarisation.

is the Directly Driven Resonant Radiator (DDRR) antenna

described in [10], [11]. The antenna principle of the DDRR

antenna is based on a very short vertical radiator, which is

top-loaded with a loop shaped transmission line to achieve

impedance matching. While in both publications, the end of

the transmission line is terminated in a tuning capacitor, our

approach is to omit this capacitor similar to [12]. In contrast

to the mentioned authors, the proposed Low Profile Dual-

band Loop (LPDL) is tuned at two operational frequencies

simultaneously by a capacity coupled shortening structure in

the loop center.

The proposed LPDL antenna, as shown in Fig. 8, has the

same brass groundplane dimensions as the modified monopole

antenna, but its height is dramatically reduced to 6.5mm.

The vertical radiator is directly constructed from the center

conductor of the feeding coaxial cable, which is a silver plated
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Fig. 7. Radiation pattern of the modified monopole antenna in polar angle
at 2.45GHz, plotted logarithmically (a) and linear (b) for three ϕ-cuts.

(a)

(b)

(c)

Fig. 8. Image showing the LPDL antenna (a), and close-ups of the vertical
feed (b), and the PCB (c).

steel wire. The resonant loop structure is manufactured as

copper trace on a single–sided FR–4 Printed Circuit Board

(PCB). This PCB is mounted 5mm above the groundplane

using four screws and spacers, both manufactured from Nylon.

Adding the PCB thickness of 1.5mm the loop is elevated

6.5mm (≈0.019λ) above the groundplane. The vertical ra-

diator is soldered to the copper trace on top of the PCB,

as well as three silver plated copper wires which serve as

ground connection for the resonator. This feeding is similar to

an inverted–F antenna, except that the stub of the inverted–F

is coiled up in a loop. Details are given in Fig. 9 and Table II.

To reach resonance at 2.45GHz, an additional shortening

structure inside the loop is used, which is coupled to the feed

by means of a small variable capacitor C. This capacitor is

adjustable between 0.55 pF and 1 pF and was tuned for best

matching at 2.45GHz by means of a VNA.

A. Simulation Results and Measured Return Loss

The LPDL antenna was again simulated in HFSS. This time,

the after some optimisations using the VNA the actual geom-

etry as described in Table II was entered into the simulation
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Fig. 9. Dimensional drawing of the LPDL antenna PCB on a scale of 1:1.

TABLE II
MECHANICAL PARAMETERS OF LPDL ANTENNA.

Geometry Parameter variable Value Unit

Groundplane g 40 × 40 cm

FR-4 Substrate dimensions 50 × 50 × 1.5 mm

Substrate–groundplane seperation h 5 mm

Feed distance lf 2.8 mm

Feed diameter DF 0.9 mm

Ground via diameter Dv 0.5 mm

Inner loop radius ri 9 mm

Outer loop radius ra 16 mm

Loop opening angle αL 45◦

environment and a parameter sweep over the capacitance C
was conducted. Best agreement at the 2.45GHz resonance

peak was found for C = 0.6 pF, this result is also depicted

in Fig. 10. The agreement at the lower frequency resonance

is not perfect, which is most likely caused by the permittivity

of the PCB material, which is not well defined for FR–4.

Both, measured and simulated antenna return losses of the

LPDL presented in Fig. 10 show the typical drawback of

resonant structures — their bandwidth is small if the losses

are not dominating. However, measurements of the return loss

of the manufactured LPDL antenna show that the RFID band

is still very well matched, in fact the 10 dB bandwidth ranges

from 861MHz to 869MHz. For actual vehicular implemen-

tation the antenna has to be covered in a radome to prevent

detuning caused by accumulations of dirt.

The measured matching at the upper band is slightly

degraded, when compared to the simulations and the

measured 6 dB return loss bandwidth is ranging from

2.42GHz to 2.49GHz. The authors believe that by small

geometrical changes to the shortening structure inside the loop

this matching can be further improved.

B. Anechoic Chamber Measurement Results

The LPDL antenna was measured in the same test range and

directly after the modified monopole antenna to enable direct

comparison and relative efficiency measurements. The overall

relative efficiency of the LPDL antenna including matching

losses, when compared to the modified monopole, was found
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Fig. 10. Comparison of antenna return losses of both antennas, both measured
and simulated.
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Fig. 11. Logarithmically scaled pseudo-color plot of the gain pattern of the
LPDL antenna at 866 MHz for vertical polarisation.

to be 37% in the UHF band and 68% at the 2.45GHz

microwave band.

The radiation pattern at 866MHz is shown in the pseudo–

colour plot in Fig. 11. Despite the dramatically shortened

vertical radiator the radiation pattern looks very similar to the

one of the resonant monopole depicted in Fig. 3. The same

is true for the dependency in the polar angle θ, when Fig. 12

and Fig. 5 are compared. Therefore, it is not surprising that the

directivity of the LPDL is also very similar to the monopole,

the measured value is 4.6 dB. The elevation angle is slightly

increased to 39◦, but at θ = 90◦ the radiation intensity is still

5 dB down.

At the upper band the antenna parameters change more

significantly, because parts of the loop act as a horizontal

radiator. Fig. 13 and Fig. 14(b) show a forked beam in θ,

with one part being elevated 83◦ (θ = 7◦) and a second one

at at θ = 48◦ corresponding to an elevation of 42◦. While
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Fig. 12. Radiation pattern of the LPDL antenna in polar angle at 866MHz,
plotted logarithmically (a) and linear (b) for three ϕ-cuts.
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Fig. 13. Logarithmically scaled pseudo-color plot of the gain pattern of the
LPDL antenna at 2.45GHz for vertical polarisation.

the first part is not very beneficial for the proposed vehicular

ATMS application, the second lobe has a lower elevation

than the main lobe of the modified monopole, as depicted

in Fig. 7. According to Fig. 14(a) the high elevated beam at

θ = 7◦ shows an almost dipole-like radiation pattern which is

caused by the radiation of the inner shortening structure of the

LPDL. While the weak beam at θ = 90◦ is almost perfectly

omnidirectional, the slightly elevated beam beneficial for the

proposed ATMS application is slightly elliptically shaped. The

directivity calculated from the measurement results at this

operation frequency is 5.5 dB and therefore slightly lower than

the one of the monopole which does not show the forked

beams.
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Fig. 14. Linear radiation pattern of the modified monopole antenna at
2.45GHz, plotted over azimuth ϕ (a) and over polar angle θ (b) for three
cuts.

IV. CONCLUSION

Tyre pressure monitoring systems have become state-of-

the-art and are now being widely deployed for fighting fuel

consumption and for enhancing traffic safety. ATMS, the

evolution towards tyre embedded sensors is currently under

investigation. Power transfer and communications require ef-

ficient, but low-profile antennas, suitable for vehicular body

floor pan mounting.

In this contribution we present a novel low profile dual-band

loop (LPDL) antenna suitable for this application, operating

at the UHF 866MHz and microwave 2.45GHz RFID bands.

It is an omnidirectional, vertically polarised antenna with a

low elevation angle. The antenna is compared to a modified

monopole antenna which has similar radiation patterns.

Both antennas were manufactured and measured in an

anechoic chamber and simulation and measurement results are

presented. Despite its size of 8.3% of the monopole antenna,

the proposed LPDL antenna shows overall relative efficiencies

of 37% in the UHF band and 68% at the 2.45GHz microwave

band when compared to the resonant monopole. While the

radiation pattern at 866MHz is very similar to the monopole

and a directivity of 4.6 dB is achieved, the radiation pattern at

2.45GHz shows a lower elevation angle, which is beneficial

for ATMS application.
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