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DUAL-FREQUENCY CONFORMAL SERIES FEED ANTENNA FOR
TELEMETRY APPLICATIONS
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In this study, a conformal series-feed array antenna for telemetry applications is proposed, operating at 900 MHz and 2.4 GHz.
The dual-frequency antenna features a simple geometric design consisting of S-element and 10-element series-fed arrays,
respectively, within a single ground plane, and is fabricated using Roger 5880 material. The proposed antenna was mounted on
the cylindrical tube, and various performance parameters were analyzed. The antenna demonstrates reliable dual-band operation,
with maximum gains of 7.04 dBi at 930 MHz and 5.85 dBi at 2.46 GHz, along with favorable bandwidth and radiation
characteristics. These results highlight the antenna’s potential as a compact and effective solution for conformal telemetry systems.

1. INTRODUCTION

An antenna is one of the most fundamental components of
wireless communication systems. Antennas are not limited
to specific environments or media. They can operate in
different media, such as air, water, on the human body, and
even on the surface of any radome shape. This versatility
allows antennas to be used in a wide range of applications,
from satellite communications and wireless networking to
medical devices and underground communication systems.
For aircraft and rockets, several types of antennas are
mounted on the frame or nose cone.

Blade antennas are commonly used and integrated into the
aircraft surface. In [1], a blade antenna for UHF aircraft
navigation is presented. An aluminum sheet was used as a
material to reduce the weight of the antenna and was mounted
on a Boeing 777 model. Furthermore, [2] presented a fully
steel-made blade antenna for rocket applications and obtained
an omnidirectional radiation pattern in a dual configuration of
the blade antenna mounted on the rocket chassis. Blade
antennas exhibit monopole-like radiation patterns with deep
nulls in the upward direction due to their structural similarity
to planar monopole antennas, resulting in undesirable blind
spots above and below the aircraft in avionic systems [3].

Conformal antennas are increasingly being developed for
aircraft applications. Conforming them to the determined
shape can improve aircraft aerodynamic drag by adjusting
the antenna to the vehicle contour [4]. Previous study [5]
showed the advantages of a microstrip conformal antenna,
such as broad beam radiation pattern, gain control with the
shape, and structural integration, thus improving
aerodynamic profiles and requiring no conventional radome.
[6] presented a conformal patch antenna for a cargo
helicopter belly that resonated at a UHF of 480 MHz, had a
peak gain of 6.7 dBi, and was lightweight but had relatively
large dimensions. For S-band rocket telemetry, [7] a
fabricated conformal array antenna consists of 2 elements, a
quarter-wavelength patch using Rogers RT/duroid 5870
PTFE substrate as the material. It had a bandwidth of 37.2
MHz with a maximum gain of 4.37 dBi.

Microstrip antennas are well regarded for their low-profile
design. Various methods have been introduced over the past
few decades to enhance their performance and enable
multifrequency operation. [8] proposed a slot-coupled dipole
antenna developed for RFID applications, covering the
frequency ranges of 900 MHz and 2.45 GHz. The antenna

exhibits a straightforward and symmetrical configuration,
providing desirable impedance bandwidth performance with
antenna gain ranging from 2.5 to 2.8 dBi in the lower
frequency region and 4.5 to 5 dBi in the higher frequency
region. For independent port excitation in a dual-band
antenna, a two-layer L-probe coupled microstrip patch
antenna with integrated shorting vias was proposed [9]. The
antenna demonstrates good impedance bandwidth, ranging
from 0.78 to 1.02 GHz in the lower band, whereas the
measured bandwidth in the upper band ranges from 2.04 to
3.13 GHz. Moreover, microstrip antennas are widely used
not only as single elements but also in arrays. Arrays are
flexible and are used to create a necessary pattern that a
single element cannot achieve [10] (p. 283). Using an array
can enhance the performance of the antenna by increasing
the gain, beam directivity of the antenna, and other functions
that are difficult to produce with a single element [11-13].
Therefore, microstrip antennas are ideal for conformal array
applications [14] (p. 1079).

There are three types of feeding of microstrip array
antennas: series, corporate, and corporate-series feed
network [15]. [16] presented an identical four-element dual-
band printed slot antenna fed using a modified 1-to-4
Wilkinson power divider. In [17], an array of 4x4 broadband
E-shaped coupling slots for high-speed downlink in small
satellites is presented. The corporate feed network with T-
junction was used to divide the power signal. In both
instances, the feeding methods exhibit a complex nature. A
series network, on the other hand, is a simple type of feed
network consisting of continuous transmission lines where a
portion of the power is fed into each component of an array
along the line.

Due to the limited space available on the surfaces of
rockets and aircraft, telemetry antennas must be designed in
a conformal form that is compact, structurally simple, easy
to fabricate, and reliable in performance. Since telemetry
systems commonly employ multiple transmitters operating
at different frequency bands to enhance operational
reliability and support distinct system functions [18,19],
independent antenna ports integrated within a shared
conformal ground plane are required to enable multi-band
and functionally separated communication links under
dynamic flight conditions.

In this study, an antenna for telemetry applications was
designed to operate in the 900 MHz and 2.4 GHz frequency
bands, with two ports integrated on a common ground plane
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substrate. A square patch configuration is adopted to achieve
a structurally simple antenna design. Furthermore, the
antenna was arranged in an array with a series feed network
to increase the gain while retaining its compact shape as well
as the ease of its fabrication.

2. ANTENNA DESIGN

The series feed array antenna was designed on a Rogers
5880 substrate with a thickness (%) of 1.6 mm, and the
relative dielectric constant (/) of the material is 2.2. The loss
tangent (tan J) of the material is 0.0009. The rectangular
patch is the basic element of the series-fed antenna array.
This antenna was designed to resonate at 900 MHz and 2.4
GHz, with two different ports on a single substrate. The
central element dimension was calculated at 900 MHz and
2.4 GHz according to eq. (1)-(5).
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a practical compromise between array compactness and
radiation performance while maintaining controlled mutual
coupling. The microstrip line widths (Wn and W) were
calculated for a characteristic impedance of 50 Q for both
frequencies. In this array antenna design, the inset feeding
technique was used to control the antenna impedance by
adjusting the inset gap (ws; and wsq) and inset length (/57 and
Isa). The designed antenna is configured to achieve dual-
frequency operation, whereby both frequencies are
supported within a single common ground plane with an
overall dimension of 609x160 mm.

The antenna operates as a five-element linear array at
900 MHz and as a ten-element linear array at 2.4 GHz. The
elements are linearly arranged in both frequency bands to
maintain a simple geometry and efficient use of space. Patch
width variation is employed as an empirical design approach
to regulate power extraction and impedance characteristics
under compact spacing conditions. The variation is applied
from the central elements (W5 and W.) toward the outer
elements. The outer elements are denoted as W1, W2, Wa, and
Ws for the 900 MHz array, and W, through W, for the
2.4 GHz array. Figure 1 shows the geometrical configuration
of the proposed antenna array operating at frequencies of
900 MHz and 2.4 GHz. Table 1 shows the complete
geometrical parameters of the proposed antenna array.

AL =0.412h W , 4) Table 1
(gr eff‘0~25 8) (7 _,’_0.8) The dimensions of the proposed antenna.
Parameter Dimension Parameter Dimension
L= LEJf —2AL. (5) [mm] [mm]
The calculated dimensions of the central element patch at L 110 Wa 379
a frequency of 900 MHz are L1 = 110 mm and W3 = 94 mm, - Vf} g}‘ ’;VV 32-‘7‘
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[20]. Based on these considerations, the inter-element Wi s W:b 1
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Fig. 1 — Array antenna design geometry at frequency; a) 900 MHz; b) 2.4 GHz.
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After obtaining the dimensions of the planar array
antenna, we conform it to the surface of the telemetry
cylinder tube. The height of the telemetry tube is 330 mm
with a radius of 195 mm, and the tube thickness is 5 mm. The
planar array antenna mounted on the telemetry cylinder tube is
illustrated in Fig. 2.

Fig. 2 — The array antenna design mounted on a telemetry
cylinder tube.

3. RESULTS AND DISCUSSION

The simulation stage was conducted using the CST Studio
Suite. The simulations were first performed for the planar array
antenna configuration and subsequently for the conformal array
antenna mounted on the telemetry cylinder tube. The evaluated
simulation parameters include the return loss (Si1), radiation
pattern, and gain.

The inset feed affects the antenna design optimization. To
determine its influence, simulations are conducted with varying
inset feed lengths at both operating frequencies of the antenna.
The simulated return loss plots are shown in Fig. 3 with three
different values of /; and /s It can be observed from the
simulation results that extending the inset feed length tends to
enhance the impedance matching performance at a frequency
of 900 MHz. In contrast, at 2.4 GHz, it leads to a noticeable
frequency shift. However, the best optimization is obtained for
antenna configuration where /;; is 22 mm, and /s is 10.2 mm.
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Fig. 3 — Simulated Si; for different lengths of; a) /y; b) /.
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Fig. 4 — Simulated Si: for different widths of: a) Wp; b) Wp.

The effect of the feedline on the matching performance of the
antenna was observed by examining the return loss performance
for different widths (Wn, Wp, Ws, and Wp). For the patch
antenna operating at 900 MHz, employing the same parameter
values for feedline widths Wn and Wp does not exhibit
significant performance optimization. Therefore, optimization
is performed by varying the W) value while keeping Wx fixed
at 4.3 mm. The best matching performance is achieved with the
antenna configuration where Wp is set to 1.5 mm, as indicated
by the return loss value shown in Fig. 4a. Moreover,
optimization at 2.4 GHz is achieved through the variation of
feedline widths Wy and W as the seventh patch element of the
antenna structure. In line with the findings at 900 MHz,
performance optimization is realized by maintaining a constant
width for the feedline of the first patch element (W) at 4.8 mm
and varying the feedline width Wp. The best impedance
matching and bandwidth optimization is achieved by reducing
the feedline width W to 2.1 mm, as presented in Fig. 4b.

(b) ©

Fig. 5 — Prototype of proposed antenna: a) antenna with a planar structure;
b) proposed antenna mounted on a cylindrical telemetry tube; c) antenna
measurement in an anechoic chamber.
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Furthermore, the proposed conformal array antenna was
fabricated (Fig. 5a), mounted on a cylindrical telemetry tube
(Fig. 5b), and subsequently characterized in an anechoic
chamber (Fig. 5c). Notably, the cylindrical telemetry tube
was precisely abraded to a depth of 1.6 mm to match the
antenna thickness. This treatment ensures seamless
conformity between the antenna and cylindrical surface,
thereby preventing any adverse impact on the aerodynamic
performance of the rocket during flight testing.

As shown in Table 2, both simulations and measurements
at the two operating frequency bands indicate a reduction in
impedance bandwidth when the planar antenna is
conformally mounted on a cylindrical structure. Based on the
measured results at 900 MHz, the bandwidth decreases from
25 MHz for the planar antenna to 12.85 MHz for the
conformal antenna, corresponding to a bandwidth reduction
of approximately 48.6%. In contrast, the measured
bandwidth was reduced from 95 MHz (planar) to 93.3 MHz
(conformal) in the 2.4 GHz band, representing a relatively
small decrease of approximately 1.8%. Previous studies have
found that bending deformation affects the quality factor of
conformal microstrip antennas, leading to a reduction in
bandwidth [21,22], particularly at lower frequencies due to
the larger electrical size of the antenna.

In addition to the bandwidth variation, a frequency shift
between the simulated and measured results was observed
for both planar and conformal configurations. In the
900 MHz band, the planar antenna exhibits a slight shift from
922.14 MHz in simulation to 919.5 MHz in measurement,
corresponding to a deviation of approximately 0.29%. For
the conformal configuration, the center frequency changes
from 917.99 to 927.08 MHz, resulting in a shift of
approximately 0.99 %.

Similarly, in the 2.4 GHz band, the planar antenna shifts
from 2460 to 2447.5 MHz, equivalent to approximately
0.51 %, whereas the conformal antenna shifts from 2420.5 to
2428.15 MHz, corresponding to approximately 0.32 %.

Furthermore, the conformal antenna exhibited a slight
frequency shift of approximately 0.82 % at 900 MHz and
0.79 % at 2.4 GHz based on the measurement comparison
between planar and conformal configurations. The observed
shifts are mainly attributed to bending-induced changes in
the effective electrical length of the antenna and the
electromagnetic influence of the metallic cylindrical tube
used for conformal mounting. The metallic support modifies
the boundary conditions and introduces additional loading
effects, thereby deviating from the idealized conditions
assumed in the simulation model [22-24]. Nevertheless, the
measured —10 dB return loss bandwidths in both frequency
bands cover the intended operating ranges, confirming the
robustness of the proposed conformal antenna design.

Table 2

Comparison of the simulated and measured bandwidths for the planar and
conformal antenna configurations.

Frequency band Frequency range Frequency range
[MHZz] [MHz] (Simulation) [MHZz]
(Configuration) (Measurement)
900 906.56 — 937.71 907 — 932
(Planar)
900 912.51 - 923.46 920.65 — 933.50
(Confomal)
2400 2423 - 2497 2400 — 2495
(Planar)
2400 (Confomal) 2386 — 2455 2381.5-2474.8

The isolation between antenna elements, represented by the
transmission coefficient (S21), is investigated to assess the
level of mutual coupling in the proposed antenna
configuration. Fig. 6 shows the measured isolation results for
both planar and conformal configurations. At 900 MHz, both
configurations exhibit isolation levels better than -30 dB,
demonstrating effective suppression of mutual coupling. At
2.4 GHz, although a slight reduction in isolation is observed,
the Sa21 values remain below -20 dB. The conformal
configuration shows slightly increased coupling compared to
the planar case due to the surface curvature effect. Despite this
effect, the achieved isolation level remains sufficiently low to
satisfy the requirements of practical telemetry applications.

The radiation patterns simulated and measured by the
proposed conformal antenna are presented in Fig. 7. After
being conformed and mounted on a cylindrical metal tube,
the antenna exhibits an omnidirectional radiation
characteristic at 900 MHz and provides wide beam coverage
at 2.4 GHz. At 900 MHz, the simulated beamwidths are
90.5° in the horizontal plane (¢ = 0°) and 181.3° in the
vertical plane (¢ = 90°), whereas the measured beamwidths
are 80° and 48°, respectively. At 2.4 GHz, the simulated
beamwidths are 82.2° in the horizontal plane and 128.6° in
the vertical plane, whereas the measured beamwidths are 72°
and 44°, respectively. The discrepancy between simulated
and measured radiation patterns can be attributed to practical
measurement conditions, such as turntable alignment effects,
which may distort the measured radiation characteristics in
conformal antenna experiments [25]. The presence of a
metallic cylindrical considerably impacts the radiation
distribution due to induced surface currents and wave
reflections, potentially producing multiple maxima lobes and
shadow regions in the vertical plane [26]. Although there are
discrepancies between the simulation and measurements,
both results exhibit comparable overall radiation behavior,
particularly in the vertical plane. The antenna maintains wide
angular coverage, which is desirable for telemetry
applications requiring reliable communication over a broad
area of coverage [18,27].
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Fig. 6 — Measured isolation (S21) of the proposed antenna for planar and
conformal configurations.
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Fig. 7 — Measured radiation pattern at ¢ = 0°, ¢ = 90° of proposed antenna
at; a) 900 MHz; b) 2.4 GHz.

In addition to the beamwidth characteristics, the sidelobe
level (SLL) was evaluated at both 900 MHz and 2.4 GHz in
the ¢ = 0° and ¢ = 90° planes. At 900 MHz, the SLL values
ranged from approximately -3 dB to -5 dB for both
simulation and measurement results, indicating relatively
elevated SLLs. At 2.4 GHz, a lower SLL is observed in the
¢ = 0° plane (around -20 dB), whereas moderate SLL values
of approximately -6 dB appear in the ¢ = 90° plane.
Conventional high-gain phased arrays typically target side
lobe levels lower than -10 dB, but the values obtained in this
study are consistent with conformal arrays mounted on
cylindrical metallic structures [28]. The obtained SLL values
represent a trade-off with the wide-beam radiation
characteristics of the antenna. Wide angular coverage is
preferred over sidelobe suppression for telemetry
applications, making the obtained results acceptable for
onboard telemetry operations. Furthermore, the proposed
conformal antenna achieves a maximum gain of 7.04 dBi at
930 MHz and 5.85 dBi at 2.46 GHz, as presented in Fig. 8.
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Fig. 8 — Measured gain of the proposed antenna at frequencies of; a)
900 MHz; b) 2.4 GHz.

Table 3

Summary of comparison between the proposed antenna and prior studies.

Ref. | Frequency Bandwidth Gain (dBi) Size (mm?) Port Technique used
(MHz) (MHz)
[6] 480 - 6.7 907.5 x 907.5 Single Rectangular patch with four edges and styrofoam
spacing

[7] 2250 37.2 4.37 - Single Quarter-wavelength conformal array

[8] 910; 2450 120; 180 2.8;5 144 x13.5 Single Slot-coupled dipole antenna

[9] 890; 2450 240; 1090 8.4;8 243.6x243.6 Two-port L-probe stacked patch supported by shorting vias

This work | 900; 2400 12.85;93.3 7.04; 5.85 609x160 Two-port Rectangular series feed conformal array

There are limited references in the published literature
reporting conformal dual-band antennas with dual-port
configurations for telemetry applications. Table 3 presents a
comparison of the proposed antenna with previously reported
works. Reference [6] presents a conformal antenna designed for
helicopter applications. However, it operates at a single frequency
and has relatively large dimensions. Reference [7] introduces a
compact and simple design, yet it operates at only one frequency.
Reference [8] presents a compact antenna configuration;
however, it is designed for a single port. Reference [9] supports
two ports and operates at dual frequencies, but it requires complex
fabrication and cannot be conformed to aerial platforms.
Therefore, this study proposes a conformal telemetry antenna
designed for dual-frequency operation with independent dual
ports, featuring a simple geometry that facilitates fabrication
while providing high gain performance.

4. CONCLUSION

In this study, a dual-band dual-port conformal antenna for
telemetry applications operating at 900 MHz and 2.4 GHz was
designed and experimentally validated. The antenna maintains

stable impedance matching, good port isolation, and wide
radiation coverage when mounted on a cylindrical metallic
structure, making it suitable for telemetry systems requiring
reliable communication across multiple frequency bands. The
proposed antenna achieves maximum measured gains of 7.04 dBi
at 930 MHz and 5.85 dBi at 2.46 GHz, supporting reliable
telemetry links. However, several design trade-offs, including
bandwidth reduction and moderate sidelobe levels caused by the
structural curvature and the influence of the metallic support, are
observed in the conformal implementation. Despite these
limitations, the antenna still provides adequate radiation
performance for wide-area telemetry coverage. Future work may
focus on improving the bandwidth stability under conformal
deformation and optimizing the antenna structure to reduce the
influence of the metallic platform.
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