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Abstract—This paper presents a simple, lightweight, and
ultrawideband, VHF/UHF open-sleeve dipole antenna array for
airborne ice measuring radar. The proposed antenna array
achieves a wide bandwidth of 300 MHz via mutual coupling from
neighboring excited elements. A hollow aluminum tube is used for
both dipole and parasitic elements to minimize the antenna’s
weight. The simulation results show that to achieve a bandwidth
of 300 MHz with a peak realized gain up to 12 dBi in the frequency
range from 170 to 470 MHz, the length of the dipole (Ldip) and
parasitic elements (Lpara) of elements 1 and 4 of the 4-element
antenna array need to be 670 mm and 200 mm, respectively. At the
same time, elements 2 and 3 require a Laip of 640 mm and Lypara of
180 mm. Based on these dimensions, a 4-element antenna array is
fabricated and tested. The measured antenna performance results
show a good agreement with the simulated results.

Index Terms—Ice sounding radar, VHF/UHF antenna, Open-
sleeve dipole antenna, Antenna arrays

I. INTRODUCTION

bservations of polar ice sheets are crucial for estimating

ice sheets’ contribution to sea-level rise, which causes
coastal flooding, salinity changes, and changes in marine
habitat [1]. Lidar, gravimetry, seismic experiments, and
airborne radar have been employed to study ice dynamics in the
polar region [2]. Among these established methods, airborne
radar with ultra-wideband (UWB) VHF/UHF RF system is the
most promising solution for imaging the ice stratigraphy due to
its fine-resolution mapping and high measurement accuracy [2].
To transmit and receive such UWB signals, many UWB
VHF/UHF antennas were developed [2-5]. Rodriguez-Morales
et al. [2] and A. Fenn et al. [3] presented a 12-element folded
dipole and 24-element dipole antenna array, respectively.
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Fig. 1. (a) Overall view of the 4-element open-sleeve dipole antenna array
under wing and (b) open-sleeve dipole antenna geometry and specification.
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Although the arrays’ structures are simple, the arrays suffer
from narrow bandwidths of 60 MHz and 40 MHz, respectively.
Yan et al. [4] reported a 16-element low-profile planar dipole
antenna array that operates between 150 and 500 MHz, while 1.
Tzanidis et al. [5] designed a 7x7 tightly coupled dipole array
that operates between 200 and 600 MHz. Despite their wide
bandwidths, the reported arrays require an intricate and heavy
antenna enclosures for airborne operation.

This letter reports a simple, lightweight, UWB, and high gain
open-sleeve dipole antenna (ODA) array for an airborne
VHF/UHF radar. The proposed antenna array realizes a
required bandwidth of 300 MHz and peak realized gain (RGpeax)
of 10 dBi or higher across the range of 170 to 470 MHz to
achieve a radar resolution of 0.5 m and signal-to-noise ratio of
10 dB, respectively. We describe the proposed ODA array
configuration first and then its simulated and measured antenna
performances in the following sections. A three-dimensional
(3-D) finite element simulator (ANSYS HFSS ver. 2019 R2)
was used to evaluate antenna performance.

II. ANTENNA DESIGN AND SIMULATION RESULTS

Fig. 1 shows the geometry and dimensions of the optimized
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TABLE I. DIMENSIONS OF OPTIMIZED 4-ELEMENT OPEN-SLEEVE DIPOLE

ANTENNA ARRAY
Value

Parameter Element Element

1 and 4 2and 3
Length of dipole element (Lgi,) 670 mm 640 mm
Length of parasitic element (Lpqra) 200 mm 180 mm
Separation between dipole and parasitic 48 mm
element (Spara)
Separation between wing and antenna (Sying) 270 mm
Separation between antennas (Sync) 317.5 mm
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Fig. 2. Real and imaginary part of the impedance of the element 1 with
increasing number of elements.
4-element ODA array mounted under the aircraft left wing. The
antenna consists of a dipole antenna with a center feed and
parasitic elements on each dipole side. We selected a
commercial 1” diameter and 0.035” thick hollow aluminum
tube for dipole and parasitic elements to minimize the
mechanical stress on the wing and maximize the airborne
survey range. Further, to observe the antenna performance more
realistically, a realistic metal wing model (1300 mm wide, 3700
mm long, and 150 mm thick) was adopted as shown in Fig. 1.
The detailed dimensions of the ODA array are given in Table I.

A. Antenna Element and Balun Design

First, we investigated the input feed impedance of the 4-
element ODA array. Fig. 2 shows the active real and imaginary
parts of the impedance of element 1 with respect to the increase
in the number of excited elements (Nnt). For a single excited
element, the real part of the input impedance exponentially
increases from 0 to 340 Q between 150 and 250 MHz and
decreases from 340 to 50 Q afterward, while the imaginary part
fluctuates between 120 and -150 Q across the operating
frequencies. As the Ny increases from 2 to 4, less fluctuation
in the real and imaginary parts of the impedance is observed.
This is mainly attributed to mutual coupling between
neighboring antennas, which changes the active impedance of
the antenna (Z,4) [6,7]. The Z4 is calculated as follows

Zad :Zal+Za2+”'+Zan (1)

where a=1,2,-, n and n is the total N.,. Table II shows the real
and imaginary part of the self, mutual, and resultant active
impedances at 230 MHz. It shows that the mutual impedances
affect the resultant Z,q significantly by changing the real and
imaginary parts of the Z,q close to 100 and 0 Q, respectively.
Based on these simulation results, a feed impedance of 100 Q
is chosen in order to achieve a bandwidth of 300 MHz.

TABLE II. REAL AND IMAGINARY PART OF SELF, MUTUAL, AND ACTIVE

IMPEDANCE AT 230 MHZ

Impedance Zn Zi Zi3 Zys Zig

Real part 148.3 70.0 -51.8  -60.7 105.7

Imaginary part 70.0 -989 -504 655 2.7
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Fig. 3. Simulated radiation pattern of the 4-element open-sleeve antenna array
at (a) 170 MHz, (b) 320 MHz, (c) 400 MHz, and (d) 470 MHz in yz-plane.
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Fig. 4. E-field distribution at 400 MHz for N, of (a) 2 and (b) 4 in yz-plane.
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In addition, the mutual coupling also affects the realized gain
radiation pattern significantly. Fig. 3 shows the simulated
radiation pattern at various frequencies with respect to increase
in the N,y in the yz-plane. With the single element excited, the
radiation pattern shows a beam split that diverges as the
frequency increases. This is because the ratio of the Sying t0
wavelength (1) exceeds 4/4 as reported in [7]. However, as the
Nant increases, this split radiation pattern changes to a broadside
radiation pattern. This is mainly attributed to the change in total
radiated field from excited elements as follows [8]

—jkr

E(r,0.0)=—[0,/1(6.9)+ b, /2(6.0)++b,1,(6.4)] @

7

where k= 2m/2, r is the distance between antenna and observer,
and b, and f, are the amplitude and field components of the
outgoing wave when antenna n is excited, respectively.
Accordingly, each antennas’ radiation fields add up and change
the total radiated field, as shown in Fig. 4 in the yz-plane.
Similar electric field (E-field) distribution was observed in the
xz-plane and for H-field in both planes (not shown).

To feed the dipole with a 100 Q impedance, a 100 W 1:2
balun was designed and fabricated. Fig. 5 shows the designed
balun and its measured performance. A standard 50 Q SMA
connector is first split into two 25 Q lines via a 1:1 balun. Then,

1536-1225 (c) 2021 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

Authorized licensed use limited to: UNIV OF ALABAMA-TUSCALOOSA. Downloaded on March 18,2021 at 23:49:19 UTC from IEEE Xplore. Restrictions apply.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/LAWP.2021.3066288, IEEE

Antennas and Wireless Propagation Letters

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 3

! 39pF  18pF
: l { { o '
| —39pF %22 nH 336 nH
00 1:1Balin || 1000
Input —| Pasternack ! Il Differential !
PE2BL1003 |1 Output |
! T3.9pF Ezz nH 236nH :
| 39pF  18pF
(a)
= 0 —_— - @ 1 /
Z o R0
= -10 4 A L= ‘—A.mplimdc Balance|
& el T T T T £ 511N - -PhascBal ]
S /< < = | hase Balance
g -20 \/ > - % -2 E\ 7
g —s,, 5=, N
g;‘:_‘—30 \/ - -Differlemial Synl B 8 N S d? 7
] [=-=—-Insertion L oss g E
-40 < -3
150 200 250 300 350 400 450 500 A 150 200 250 300 350 400 450 500
Frequency Frequency (MHz)

(b) (©)
Fig. 5. (a) Circuit schematic of the 1:2 balun and measured (b) input and output
S-parameter and insertion loss and (c) amplitude and phase balance.
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Fig. 6. Simulated active VSWR of the 4-element open-sleeve antenna array
with (a) Lgi, of 670 mm and Ly, of 200 mm for all element and (b) Lg;, of 670
mm and Ly, of 200 mm for element 1 and 4 and Lg;, of 640 mm and Ly, of
180 mm for element 2 and 3.
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Fig. 7. Simulated realized gain at boresight of the 4-element open-sleeve
antenna array with initial and optimized dimensions.

these two 25 Q are connected to a matching circuit that consists
of an inductor and capacitor to convert to a 100 Q differential
output. The balun’s measured results show a good return loss of
more than 12 dB for both input and output, a low insertion loss
of less than 0.5 dB, and an acceptable amplitude and phase
balance of less than 1 dB and 4.1 degrees, respectively.

B. Antenna Design Parametric Study

Initially, we simulated the array with identical antenna
elements of the following dimensions: Lgi, of 670 mm, Lpara of
200 mm, Spara 0f 48 mm, Sying 0f 270 mm, and Sane 0f 317.5 mm
for antenna performances. Fig. 6 (a) shows the corresponding
simulated active voltage standing wave ratio (VSWR) of the 4-
element ODA array. As shown, the VSWRs of elements 1 and
4 are below 2 from 170 to 470 MHz. Although the first crossing
frequency of the active VSWR below 2 (fnirst) occurs at 170
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Fig. 8. Simulated active VSWR of the 4-element open-sleeve dipole antenna
array with various Sy, for element (a) 1 and (b) 2 and various Sy, for element
(c) I and (d) 2.
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Fig. 9. Simulated realized gain at boresight of the 4-element open-sleeve
antenna array with various (a) Syine and (b) Spara.

MHz for elements 2 and 3, the VSWR of elements 2 and 3
exceeds 2 when the operating frequency is between 214 and 326
MHz and above 430 MHz.

To reduce the VSWR of element 2 and 3 below 2, the Lgi, and
Lpara of elements 2 and 3 are reduced from 670 to 640 mm and
200 to 180 mm, respectively, without altering the other
dimensions. These changes reduce the VSWR of elements 2
and 3 from 2.4 to 2.1 in the band of interest as illustrated in Fig.
6 (b). The main reason for this reduction is that the shorten Lgjp
and Lyara increase the first and second resonant frequencies from
178 to 194 MHz and 370 to 390 MHz, respectively.

Fig. 7 shows the RGycak of the 4-element ODA array with the
initial and optimized geometries at boresight. The results show
that the RGpek of the optimized design is insignificantly
reduced, i.e., 0.3 dBi lower-than that of the initial design.

A parametric study was performed on the optimized design
to observe the effect of the Swing and Spaa on the antenna
performance. Fig. 8 shows the simulated active VSWR of the
elements 1 and 2 for changing Sying from 250 to 290 mm and
Spara from 44 to 52 mm. As the Sying increases, the VSWR of
the element 1 is reduced across the whole band, but the last
crossing frequency of the active VSWR below 2 (fiast) of
element 2 rapidly degrades from 500 to 440 MHz, despite
slightly lower VSWR in the frequency range from 250 to 400
MHz. Similarly, with an increase of Spara from 44 to 52 mm, the
VSWR of the element 1 decreases in the desired frequency
range, while the fi.s of the element 2 is reduced from 488 to 458
MHz. Unlike the similar trend of VSWR for Swing and Spara, the
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Fig. 10. (a) Fabricated 4-element open-sleeve dipole antenna array under the
FOAMULAR sheet and (b) connection between antenna and balun.
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Fig. 11. Simulated and measured active VSWR of the 4-element open-sleeve
antenna array.

trends of the RGpcak for various Swing and Spara Were different, as
illustrated in Fig. 9. As the Swing increases, the RGpeax above 400
MHz decreases significantly, while there is no change for
various Spara. Table I summarizes the optimized specifications
and dimensions.

III. EXPERIMENTAL RESULTS

The 4-element ODA array was fabricated based on the
dimensions and specifications in Table I and characterized for
antenna performance to compare to the simulation results. Fig.
10 shows the fabricated 4-element ODA array on top of the
FOAMULAR foam with an aluminum (Al) sheet and
connection between antenna and balun. The dipole is excited
by a 3/16” metal screw on each dipole, separated by 30 mm as
shown in Fig. 1, and a short wire between the antenna and
balun. To hold the separated dipole elements, G10-FR4
fiberglass epoxy laminate (relative permittivity of 4.8 and
dielectric loss tangent of 0.0017) was used [9]. A high-density
polyethylene connector piece was used to hold the dipole and
parasitic element in one piece. For the aircraft wing, a 1000 mm
long x 2750 mm wide x 5 mm thick FOAMULAR foam with
the Al sheet was utilized. All antenna performances were
characterized in an anechoic chamber.

Fig. 11 shows the simulated and measured active VSWR of
the optimized 4-element ODA array. The simulation result,
especially when the VSWR crosses 2, agreed reasonably well
with the measured results. As Fig. 11 clearly shows, the
measured VSWR is below 2.1 in the desired frequency range of
170 to 470 MHz. The small discrepancy between the measured
and simulated results is attributed to the insertion of a wire
between the balun and dipole and fabrication imperfections.

Fig. 12 illustrates the simulated and measured normalized
realized gain of the 4-element ODA array at 200, 320, 400, and
470 MHz. The fabricated array exhibits similar performances
compared to the simulated array. A slight discrepancy between
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Fig. 12. Simulated and measured realized gain of the 4-element open-sleeve
antenna array at (a) 200, (b) 320, (c¢) 400 and (d) 470 MHz.
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Fig. 13. Simulated (a) active VSWR and (b) realized gain at boresight of the
16-element open-sleeve antenna array.

the measured and simulated results is due to the misalignment
between the array and reference antenna.

The required minimum RGpeak (RGpeak min) is 10 dBi.
However, the simulated RGpeax_min Of the 4-element ODA array
was 7.5 dBi. Thus, to increase RGpeak_min, the ODA array with
higher Nan¢ is investigated. An aerodynamic and aircraft study
shows that each wing could sustain 16 ODAs. The dimensions
of elements 1 and 4 are used for the edge elements’ dimensions,
i.e., elements 1 and N,,. For the other elements, the dimensions
of elements 2 and 3 are used. Fig. 13 shows the simulated active
VSWR of element 1-4 and 13-16 and RGyeax of the 16-element
ODA array. In Fig. 13, only VSWR of element 1-4 and 13-16
are shown to provide more clear plots. The results show that all
elements exhibit a VSWR below 2.1 and a RGpcax of 14-18 dBi.

IV. CONCLUSION

An ultrawideband and simple VHF/UHF 4-element open-
sleeve dipole antenna array was developed, optimized,
fabricated, and characterized for airborne ice measuring radar.
The optimized 4-element array exhibits a VSWR below 2.1 in
the desired frequency range of 170 to 470 MHz with a peak
realized gain up to 12 dBi. A higher peak realized gain of 18
dBi is achievable when 16 elements are employed with the
calculated dimensions.
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