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Abstract—Sensing and retrieving data from ocean to 
land are challenging tasks, while the Internet of Sea 
concept provides a realistic solution to that. A large 
frequency ratio dual-band microstrip antenna design 
working at GSM, LoRa, and BLE bands with consistent 
radiation pattern is proposed for Internet of Sea 
applications. The antenna is based on a modified Split 
Ring Antenna which provides two radiating modes, where 
the frequency ratio is close to 3. The proposed microstrip 
antenna is optimized for a better radiation efficiency and 
consistent radiation pattern at both bands. The method to 
control the H-plane HPBW of the proposed antenna is 
provided. The antenna prototype is fabricated and 
measured, which shows the radiation pattern at both 
bands are consistent and the H-plane HPBWs are 94°and 
78°, at the lower and higher bands respectively. 

Index Terms—microstrip antennas, dual-band, large 

frequcny-ratio, HPBW control, stable radiation pattern. 

I.  INTRODUCTION  

Ocean environment has a huge potential for humans to 

study and explore. To better protect the ocean environment 

and marine animals, sensing the ocean parameters (like 

pressure, temperature, concentrations of certain pollutants, 

etc.) and animal parameters (like body temperature, motions, 

etc.) are essential. However, transferring the data from the 

sensor nodes to the researchers has been a challenging task. 

The commercially available marine sensing systems are 

expensive and bulky, such as hundreds of kilometers of cables 

or optical fiber with sensors along the seabed to shore [1]. The 

concept of Internet of Sea leads us to build sensing and 

communication systems to solve the problems. We have 

previously proposed an Internet of Sea system containing a 

flexible animal tag design [2-3] and a small floating receiver 

design [4] for small area monitoring. In that system, sensors’ 

data are temporarily stored in the animal tag and offloaded to 

nearby floating receivers when marine animals breathe on sea 

surface. However, the floating receiver in [4] is only 

applicable for small area monitoring, covering an area with a 

radius of around 240 meters, which is not sufficient for large 

area monitoring for hundreds of km2. We have designed a new 

buoy system with multiple communication abilities including 

Extended Global System for Mobile communications (E-

GSM-900), Long Range (LoRa, 902 to 928 MHz), and 

Bluetooth Low Energy (BLE, 2.4 to 2.48 GHz) for large area 

monitoring.  

The proposed buoy system structure is shown in Fig. 1. 

The missions of buoys are to detect animal tags and retrieve 

data from them when animal tags float up to the sea surface 

after collecting enough data, where the animal tag design is 

similar to that in [2]. As can be seen from Fig. 1 the proposed 

buoy contains dual-band antenna arrays on top, essential 

PCBs inside, and batteries at the bottom. We will focus on the 

dual-band antenna design in this paper. Microstrip Antenna 

(MSA) arrays are widely used due to the easy implementation 

and low-cost characteristics. There are some special 

requirements for our dual-band MSA. The polarization of the 

dual-band antenna should be vertical at both bands to be 

consistent with the GSM base-stations at coasts and our 

animal tag BLE antennas (vertical polarization). Besides, the 

Half Power Beam-Width (HPBW) of H-plane should be close 

at both bands, since the antenna array on each side should 

cover the same H-plane angle at both bands to form good 

overall coverage above sea surface. 

From the working requirements described, a dual-band 

MSA working at both 900 MHz (GSM and LoRa) and 2.4GHz 

(BLE), with vertically polarization and consistent radiation 

pattern at both bands is needed. There are some papers 

reporting dual-band MSAs which has a FR over 2 [5-11]. 

 
Fig. 1. Concept map of the proposed buoy. 



Although some of them achieved a larger FR over 4 [5-6], the 

size of the antenna becomes large [5], or the radiation 

efficiency is low at lower band (LB) [6]. An interesting 

approach of realizing dual-band MSA which has FR close to 

3 and consistent radiation performance is using the higher 

mode of microstrip Split Ring Antenna (SRA) [7-11]. In [7], 

the radiation characteristics are analyzed for the basic and 

non-optimized SRA structure, which has proven the concept 

well, but the radiation efficiency at LB is low, as well as the 

gain. Researchers have improved the SRA for some 

perspectives [8-11], like FR adjustment [8], miniaturization 

[9], array configuration [10], and using flexible substrate [11]. 

However, none of these papers above have investigated the 

radiation pattern similarity of the SRA at LB and HB. 

In this paper, a dual-band antenna working at 0.9 and 2.4 

GHz bands, with stable polarization and radiation pattern at 

both bands, is proposed. The idea is based on the two 

separated modes of microstrip SRA which can generate 

consistent radiation patterns at both bands even if FR is 

relatively large. The radiation pattern control study, especially 

the HPBW control method, is provided in this paper. The 

proposed antenna has a good radiation efficiency at both 

bands and close HPBW in H-plane, which satisfies all the 

requirements for the proposed Internet of Sea system. 

II. ANTENNA DESIGN 

The evolution of the proposed antenna is shown in Fig. 2. 

Two rectangular microstrip SRAs, whose radiating resonant 

modes have a FR close to 3 [7], are placed back to back, and 

then are emerged to one MSA. Although each SRA can work 

individually, the back-to-back rectangular SRA has better 

cross-polarization suppression due to the symmetric 

geometry, if the antenna is fed along the center line shown in 

Fig. 2. After optimization for radiation efficiency 

enhancement and radiation pattern control, the geometry of 

the proposed dual-band MSA is shown in Fig. 3. The antenna 

is designed on Rogers Laminates RT/duroid 5880 with a 

dielectric constant of 2.2 and a loss tangent of 0.0004. The 

split in traditional SRA is here enlarged as the radiation gap 

with length Rad_Gap in Fig. 3 (a). To clearly explain the 

antenna configuration, we call the big rectangular patch in the 

center as main patch, and it has four sub-patches at each corner 

which are connected to main patch by four connect arms. An 

extended length L_extra is added on the main patch on both 

sides to perform better FR control as shown in Fig. 3 (b). 

Although not drawn here, there is a square ground plane with 

each side 150 mm, at the backside of the laminates as this is 

an MSA. The dimensions of the proposed dual-band MSA are 

listed here: L_main = 87 mm, W_main = 50 mm, L_sub = 21.5 

mm, W_sub = 7 mm, L_connect = 1 mm, W_connect = 7 mm, 

D_feed = 8.75 mm, L_extra = 5 mm.  

 
Fig. 2.  The evolution of the proposed antenna. 

 
                 （a）                                                          (b) 

Fig. 3.  The geometry of the proposed antenna: (a) planar view; (b) detail 

view. 

 
                 （a）                                                          (b) 

 
                 （c）                                                          (d) 

Fig. 4.  Current and E-field distributions of the proposed antenna: (a) 
current distribution at LB; (b) E-field distribution at LB; (c) current 

distribution at HB; (d) E-field distribution at HB. 

 
Fig. 5.  The simulated input impedance. 



 
To further verify the working principles of the proposed 

antenna, we have simulated the antenna by Ansys HFSS. The 

current density and E-field distribution are shown in Fig. 4.  In 

Fig. 4 (a and b), at the LB, we can see that the current 

distribution on the patch is similar to that of SRA, where we 

get maximum current at the center and minimum current at the 

edge of radiation gap. The E-field distribution at LB is also 

reasonable where we find the maximum E-field is around the 

radiation gap. The current path from one radiation edge to 

another one is proximately half guided wavelength, resulting 

in the LB mode resonates at 0.91 GHz as shown in Fig. 5. The 

current distribution and E-field densities at HB mode are 

shown in Fig. 4 (c and d). Seen from the HB mode, the 

proposed antenna still has Maximum E-field at the edge of the 

radiation gap, which is the same as that of LB mode. However, 

the higher mode has 3 half wavelengths variation from one 

radiation edge to another one in the current distribution plot. 

This actually provides us the fundamentals of dual-band MSA 

which can operate with a FR = 2.7, close to 3. This is verified 

in Fig. 5 that the HB mode is resonant at 2.42 GHz. For both 

lower and higher modes, the radiated wave comes from the 

same radiation gap, and thus, it keeps the radiation pattern 

consistent at both bands. Compared to traditional rectangular 

MSA, the proposed antenna has moved its radiating edges to

the middle, which will significantly decrease the mutual 

coupling effect when a greater number of antenna elements 

are closely packed. 

The simulated radiation patterns of the proposed dual-

band MSA are shown in Fig. 6. The radiation patterns in E-

plane at both bands looks identical as can be seen in Fig. 6 (a). 

It has a co-polarization gain (θ component) of 4.7 dB and 5.3 

dB at LB and HB, respectively. A very good cross-

polarization level is achieved at both bands (>35 dB) at 

broadside direction.  The H-plane radiation pattern is shown 

in Fig. 6 (b). The HPBW in H-plane is 92° and 80°, at LB and 

HB respectively, which are close enough for a dual-band MSA 

with a FR of 2.7. Thus, we can safely claim that the proposed 

dual-band MSA has a consistent radiation pattern at both 

bands.  

The method to control the H-plane HPBW, and its effect 

on gain and radiation efficiency, is investigated. Rad_Gap is 

important for the radiation performance of the dual-band MSA 

since the radiated field is coming from the radiation gap to free 

space. To investigate the effect of the length Rad_Gap, we did 

simulations with various Rad_Gap, and the relationships are 

summarized in Fig.7.  Note that by changing Rad_Gap, some 

other dimensions (L_main, L_sub, W_sub and L_connect) 

 
                                                            (a)          

 
                                                          (b) 

Fig. 6.  The simulated radiation patterns: (a) E-plane; (b) H-plane. 

 
                                                          (a) 

 
                                                           (b) 

 
                                                            (c) 

Fig. 7.  Simulations with Rad_Gap: (a) H-plane HPBW; (b) Broadside 

Gain; (c) Radiation efficiency. 



should also be changed accordingly to make the lower mode 

and higher mode resonant at 0.9 and 2.4 GHz, respectively. 

Though not shown in this paper, changing those parameters 

will not affect the radiation performance. The H-plane HPBW 

is important as we have explained in the introduction section 

that the H-plane HPBWs at both bands are desired to be close. 

At LB, all the radiation performances change very slightly 

because the Rad_Gap is always electrically small (<0.15 λ, λ 

is the free space wavelength at LB) as shown in Fig. 7 (a,b,c). 

However, the higher band radiation performances are 

sensitive to Rad_gap.  As seen from Fig. 7 (a), as the Rad_Gap 

increases, the HPBW at HB tends to increase. And in Fig. 6 

(b), the broadside gain of the MSA at HB decreases slightly as 

Rad_Gap increases below 44 mm, and decreases significantly 

as Rad_Gap increases above 44 mm. The reason for gain 

decreasing can be explained by the radiation pattern 

distortion: when the Rad_Gap is small, the radiation pattern at 

HB is a typical broadside radiation pattern which has only one 

main lobe, similar to that in Fig. 6. Then, as the Rad_Gap 

increases, the two radiating edges become farther so the 

combined radiation pattern tends to separate into two grating 

lobes, causing decreasing in gain, increasing in HPBW and 

only a small change in radiation efficiency. When Rad_Gap 

increases to 48mm, the radiation pattern at HB is no longer a 

typical broadside radiation but a two-grating-lobe pattern 

which results in decreasing in broadside gain very 

significantly. To compromise between a good broadside gain 

and a close H-plane HPBW, we choose Rad_Gap = 44 mm in 

our final design.  

 

 

 

 

III. PROTOTYPING AND MESUREMENT RESULTS 

 

The proposed antenna is fabricated by a regular milling 

process using Rogers RT/duroid 5880 laminates. An SMA 

connector is then soldered on the ground plane side. The 

fabricated sample is shown in Fig. 8 (a). 

The S parameter of the antenna prototype is measured by 

Keysight E8363C PNA Network Analyzer, and the result is 

shown in Fig. 9. From it we can see that antenna is matched at 

0.91 and 2.41GHz, with a bandwidth of 6 MHz and 9 MHz 

respectively. This may be considered as a narrow band but that 

is the natural physics of small antennas [12] where the patch 

length is only 0.29λ (λ is the free space wavelength at LB). 

The radiation pattern is measured by SATIMO Star Lab 

Anechoic Chamber in Fig. 8 (b) and its results are shown in 

Fig. 10. For both H-plane and E-plane patterns, the measured 

results are matched with the simulation result. As can be seen 

from Fig. 10, the radiation patterns at both bands are 

controlled to be identical. The measured broadside gain is 3.6 

dB and 4.6 dB at LB and HB respectively. The measured gain 

is slightly lower than the simulation which may due to the loss 

from the connector and soldering. The measured H-plane 

 
                 （a）                                                          (b) 

Fig. 8. Photos: (a) fabricated antenna; (b) test in anechoic chamber.  

 
Fig. 9. S parameters.  

                                                          （a）        

 
                                                           (b) 

Fig. 10.  Radiation patterns results: (a) E-plane; (b) H-plane.  



HPBWs are 94°and 78°, at LB and HB respectively, showing 

a very small discrepancy with simulation. 

To the best of our knowledge, there is no paper in the 

literature investigating the single layer large FR dual-band 

microstrip antenna that keeps the consistent radiation pattern 

on both bands. If we release the requirement of radiation 

pattern similarity investigation, as they did not show their 

metrology of the pattern similarity, there are several large FR 

designs which could be comparable, summarized in Table I 

[7, 13-15]. The designs in [7, 15] are also single-layer 

structure which is low profile, robust, and can be easily 

integrated with circuits, but [7] has a low gain (-1.4 dB) at LB 

and [15] only supports the maximum FB of 2. Although [13, 

14] have relatively higher gain than our design, the total size 

of the antenna, especially the thickness, are much larger than 

ours. None of those design shows the measured H-plane 

HPBW to evaluate the radiation pattern similarity. 

IV. CONCLUSION AND FUTURE WORKS 

In this paper, a dual-band MSA with relatively large FR 

and consistent radiation patterns at both bands is proposed. 

The working mechanism is analyzed by a full-wave simulator, 

and the HPBW control method is performed. A prototype is 

then fabricated accordingly, and all the measured results show 

good consistency between simulation and the practical design. 

The measured HPBWs are 94°and 78°, at LB and HB 

respectively, which is very close and satisfies the requirement 

of the Internet of Sea applications. The proposed antenna has 

potentials not only for the Internet of Sea systems, but also for 

other practical applications where the system is required to 

operate in a large ratio dual-band mode, such as base stations, 

IoT nodes and networks. In the future, the array configuration 

of the proposed antenna and bandwidth enhancement 

techniques can be further investigated for those practical 

applications. 
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          TABLE I.         COMPARISON BETWEEN SIMILAR WORKS 

Reference 
Antenna 

Structure 
Total size (λl

3) FR 
Gain 

(LB/HB) 

H-plane HPBW 

(LB/HB)

[7] Single layer 0.84*0.84*0.008 2.8 -1.4 / 5.0 NA 

[13] Air substrate 0.87*0.64*0.074 1.53 8.2/7.9 NA 

[14] 3D 0.97*0.97*0.1 2.1 9.4/10.6 NA 

[15] Single layer > 0.33*0.24*0.015 1.8 6.5/6.8 NA 

This Work Single layer 0.45*0.45*0.005 2.7 3.6/4.6 94/78 

 

 


