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Abstract: Vehicle consists of antennas for various applications. Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2X) are one 

of the most recent applications. This new technology can significantly enhance efficiency of travel, reduce traffic incidents and improve 

safety. In this paper, an LTE-based broadband omnidirectional planar antenna suitable for vehicular communication is presented. The 

design is intended for roof mount position on vehicles for public and domestic transportations. The proposed antenna consists of four 

printed arc dipoles that form a circular loop for horizontal plane omnidirectional radiation. A feeding network which consists of four 

baluns and an impedance matching circuit is designed to excite the four arc dipoles. By introducing small defects, slots and t-shaped 

design on the arc dipole and feeding network, respectively, improve the impedance matching. Experimental results show that the presented 

broadband antenna have good omnidirectional performance over 10 dB return loss bandwidth. The proposed broadband antenna 

covers 1.64-2.13 GHz at -10 dB for LTE bands. A prototype antenna was fabricated and tested for input reflection coefficient. Simulated 

and measured results for the broadband antenna element is presented. 
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1. Introduction 
 

The automotive industry has increased its interest 

immensely in wireless technologies. It is well known that 

antennas are key components to assure a reliable wireless 

communications link. Modern vehicles may contain 

multiple antennas covering different frequency bands for 

different wireless applications. In addition to the existing 

applications, modern vehicles will include Long-Term 

Evolution (LTE) and Vehicle-to-Vehicle and Vehicle-to 

Infrastructure (V2X) technologies. LTE will provide high 

data rates for several applications such as Internet 

connectivity [1]. 

 

LTE radio can be efficiently used for vehicular 

communication because of its inherent radio capabilities. 

LTE band is progressively being recognized by various 

operators to support LTE services in various regions. LTE 

is commonly advertised as 4G LTE, is a standard for 

wireless communication of high-speed data for mobile 

communications and data terminals. It is based on the 

GSM/EDGE and UMTS/HSPA network technologies, 

having upgraded capacity and speed using a different radio 

interface together with core network improvements [2]. 

There is a considerable interest which describes 

approaches to the problem of producing high data 

performance multifrequency designs. Therefore, a lot of 

research is conducted on designing antennas capable 

of covering different frequency bands and fitted in the 

same module [3]- [6]. Similarly, several horizontal 

polarized omnidirectional antennas were proposed [7]-[9]. 

Various antenna for the LTE and V2X applications has been 

presented in the reported research [12-16]. The major problem 

for a HP omnidirectional antenna is to enhance its 

bandwidth while keeping a simple configuration. 

 

In this paper an LTE-based broadband omnidirectional 

antenna is proposed for vehicular communication. This 

antenna covers LTE band from 1.66-2.08 GHz. The 

antenna consists of four printed arc dipoles excited by a 

broadband feeding network. The feeding network consists 

of four broadband baluns and an impedance matching 

circuit. Different shape of defects, slots and t-shaped 

design on the arc dipole and feeding network improves the 

antenna impedance matching. A prototype of the designed 

antennas was fabricated and evaluated for the input 

reflection coefficient and omnidirectional radiation 

performances. The measurement and simulation results 

have been presented and discussed in the paper. 

 

2. LTE Broadband Antenna Design 
 
Fig. 1 depicts the geometry of the proposed antenna. As 

can be seen the antenna consists of four arc dipoles which 
are excited by a broadband feeding network. Each dipole 

has a length of about a half wavelength (λ/2). The feeding 

network is consisting of four broadband baluns and an 
impedance matching circuit. Matching circuit connects 

four broadband baluns to a 50 Ohm coaxial line at the 

center of the antenna. This type of balun has been widely 
used in broadband dipoles [10]. The four arc dipoles form 

a circular loop for horizontal plane omnidirectional 
radiation. The arc dipoles are printed on one side of a FR4 

substrate with substrate thickness, t = 1 mm, relative 

permittivity, εr = 4.6, and loss tangent, δ = 0.0245. The 

feeding network is printed on the other side of the same 

substrate. In order to minimize the feed cable related 
issues, the antenna is fed through an SMA connector 

placed feeding network. A copper sheet of 0.015 mm 
thickness is used in fabrication of the prototype antenna. 

The overall size of the designed broadband antenna is 90 x 

90 x 1 mm3. This antenna is designed for the vehicular 
applications at the LTE bands, which covers the frequency 

range of 1.66-2.08 GHz. 
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Figure 1: Antenna Geometry (a) Front View, (b) Back View. 

 

 
Figure 2: Feeding network for the proposed LTE-based 

broadband antenna. 

 

Fig. 2 illustrates a simple circuit for the feeding network 

on the other side of the substrate. The broadband balun for 
each arc dipole is 50 Ohm lumped impedance since the 

input impedance was designed to be 50 Ohm. The 

dimensions of the feeding network is given in Fig. 1(b). 
The theoretical analysis of the broadband balun and 

matching network can be found in [7], [10]. However, the 
antenna impedance matching is improved by introducing 

defects on the arc dipoles. Similarly, investigations show 

by making slots on the four baluns and t-shaped defects on 
the feeding lines further improves the impedance 

matching. In addition to that due to these defects the 

proposed broadband antenna is miniaturized. The 
omnidirectional antenna is simulated and optimized using 

CST microwave studio [11]. The optimized geometric 
parameters (in mm) are summarized in Table I. 

 

Table 1: Optimized geometric parameters 
Parameter Value Parameter Value 

R1 45 L1 5 

R2 47 L2 19.25 

R3 39 L3 2 

W1 0.5 L4 8 

W2 1.8 L5 13 

Wa 20 La 33 

Wb 1.8 ɸ 4.6 degree 

 

3. Results and Discussions 
 
The proposed antenna has been fabricated using the 

photolithography technique. A prototype of the 
fabricated broadband antenna is depicted in Fig. 3. The 

return loss of the antenna is measured using vector 

network analyzer. Comparison of the measured and 
simulated return loss for the optimized broadband 

omnidirectional antenna is shown in Fig. 4. It can be 

noticed that both the simulated and measured return loss 
plots are in good agreement while in measured result 

slightly occupying more bandwidths compare to 
simulations. The bandwidth of the proposed antenna has 

been calculated for -10 dB return loss. On the other hand, 

some discrepancies may occur in the impedance matching 
due to assembling and manufacturing process. Therefore, 

the proposed broadband antenna covers 1.64-2.13 GHz at 

-10 dB for LTE bands. The design is intended for roof 
mount position on vehicles and suitable for vehicle 

communication on the LTE bands. 

 

 
                                                                        (a)                                                     (b) 

Figure 3: Photograph of the fabricated LTE-based broadband antenna, (a) Front view, (b) Back view 
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Figure 4: Measured and simulated return loss of the 

proposed broadband antenna 

 

 

 

 

Table 2: Simulated gain and efficiency of the proposed 

antenna 
Frequency (GHz) Gain (dB) Efficiency (%) 

1.7 1.85 82 

1.8 1.84 79 

1.9 1.78 90 

2.1 1.58 93 

 

The polar radiation patterns of the broadband antenna are 
computed at 1.7 GHz, 1.8 GHz, and 1.9 GHz. These 

patterns are shown in Fig. 5 on XY and XZ planes. At all 

the frequencies, radiation patterns of the proposed 
broadband antenna are omnidirectional. The patterns show 

reasonable gain in the operating frequency bands. To 

analyze the proposed designed antenna, the simulated 
peak gain values and total efficiencies at the 

aforementioned frequencies are given in Table 2, 
respectively. The gain and total efficiency of the proposed 

broadband antenna at different frequency bands are quite 

reasonable. The gain is observed in between 1 and 2 dB. 
The efficiency of the proposed antenna is increases with 

the operating frequency bands. 

 

 

(a) XY-Plane radiation pattern 
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(a) XZ-Plane radiation pattern 

Figure 5: Simulated polar radiation pattern of the proposed broadband antenna at different frequencies. 

 

4. Conclusion and Future Work  
 

LTE based broadband omnidirectional antenna is 

presented for vehicular applications. The proposed 

broadband antenna consists of four printed arc dipoles. A 

broadband feeding network has been utilized to feed the 

four arc dipoles. The total size of the broadband antenna is 

90 x 90 x 1 mm3. A prototype of the proposed antenna has 

been successfully designed, fabricated, and measured. The 

designed antenna is simulated using a CST microwave 

simulator and then realized on a low cost widely available 

FR4 dielectric substrate material with 4.6 relative 

permittivity and 1 mm thickness. Measured results shows 

that the omnidirectional antenna covers 1.64-2.13 GHz at -

10 dB for LTE bands for return loss greater than -10 dB.  

 

Further work will be placing the two or multiple antennas 

within line, parallel and perpendicular to check their 

mutual coupling, respectively. In addition to that the 

envelope correlations and the multiplexing efficiencies of 

the prototypes may be necessary to fully analyze the 

behavior of the two antennas in a MIMO system. 
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