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ABSTRACT

This paper presents a status data transmitting system suitable for vessel monitoring. The
system consists of four main parts, which are a frequency synthesizer, a horn antenna, a
status data module and a power amplifier. The proposed frequency synthesizer can flexibly
change the frequency in a wide range (from 600 MHz to 4.2 GHz) and the output power
(from -6 dBm to -3 dBm). By using the phase-locked loop, the synthesizer’s stability over
temperature and tolerance are comparable to temperature compensated crystal oscillators
(TCXO) that is about +/- 3 ppm. Moreover, phase noise performance of the synthesizer is
less than -90 dBc/Hz at 1 KHz and -100 dBc/Hz at 100 KHz. The impedance bandwidth
of the horn antenna can be controlled by using the beveling technique. The status data
module packs information of the identification, longitude, latitude, and state of the vessel
into data frames. FSK/MSK/GMSK schemes were used to modulate the data. The power
amplifier provides 130 W output power at S-band. The fundamental characteristics of the
implemented transmitter have been measured and verified.
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1. INTRODUCTION
Recently, maritime security has become a major concern of all coastal countries, and the fundamental re-

quirement is maritime domain awareness via identification, tracking, and monitoring of vessels within their waters
[1]. Ref. [1] briefly presented the recent technologies and systems for different types of vessels. These systems have
been designed and provided with a regulatory framework for other reasons such as sustainable fishery, search and
rescue services, environmental protection, navigational safety, etc. However, the main problem is the distance of com-
munications. The conventional methods such as GSM, UHF, VHF are limited by the communication distance, which
is less than 100 km [2], [3]. Recently, satellite technology has extremely developed and become the best method to
solve the above problem [4].

In this paper, we are going to present the designs and measurement results of a status data transmitting system
as illustrated in Fig. 1. The system is able to flexibly change the transmitting parameters such as frequency, power
level, mode of modulation, and state of a vehicle. In addition, the frequency stability over temperature and frequency
tolerance of the system are +/- 2.5 ppm and +/- 3 ppm, respectively. The paper is organized as follow. Section 2
introduces the architectures of the proposed status data transmitting system including detailed descriptions of each
building block. The results are presented in section 3 and conclusions are given in the last section.

2. DESIGN OF THE STATUS DATA TRANSMITTING SYSTEM
The information is packed into data frames including the identification, longitude, latitude, and state of a

vessel (<GPS>, <ID>, <LAT>, <LONG>,<SOS>). The proposed status module uses ADF7021 transceiver from
Analog Device to process the data. The ADF7021 transceiver is a high performance, low power, highly integrated
2FSK, 3FSK, 4FSK, MSK, GMSK transceiver. It is designed to operate in the narrow-band, license-free ISM bands,
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Figure 1. The proposed status data transmitting system

and in the licensed bands with frequency ranges from 80 MHz to 650 MHz and 862 MHz to 950 MHz. This device
has both Gaussian and raised cosine transmitting data filtering options to improve spectral efficiency for narrow-
band applications. A LC bandpass filter was designed to have 50 dB out-of-band attenuation for the suppression of
harmonics as shown in Fig. 2. In this design, the status data module is integrated with a LTC5510 mixer from Linear
Technology. The LTC5510 is a high linearity mixer optimized for applications requiring very wide input bandwidth,
low distortion, and low LO leakage. The mixer includes a double-balanced active mixer with an input buffer and a
high speed LO amplifier. The input is optimized to use with 1:1 transmission line baluns, allowing very wideband
impedance matching. Measurement results of the status module were presented in [5].

 

 

 

 

 

 

 

 

 

 

Figure 2. The proposed status module
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Figure 3. The structure of the Power Amplifier

The 80 W and 130 W power amplifiers were presented in [6] and [7], respectively. The simulation results were
obtained using a well-known professional design software for microwave engineering, Advanced Design System 2009.
The performance of the power amplifier modules were verified experimentally using a vector network analyzer. As

IJECE Vol. x, No. x, July 2017: 1 – 9



IJECE ISSN: 2088-8708 3

illustrated in Fig. 3, a high power amplifier based on two mentioned amplifier modules was fabricated. Measurement
results show that the power amplifier obtains a maximum output power of 130 W at S-band.

2.1. The Frequency Synthesizer

In general, high speed frequency synthesizers are divided into two types including digital direct synthesizer
(DDS) and phase-looked loop (PLL) frequency synthesizer. The DDS has high conversion rate and high frequency
resolution. However, the drawback of DDS is that it is not flexible in changing the step of the transmitting frequency.
As a result, DDS is not suitable for maritime applications. In comparison with DDS, PLL synthesizer’s advantages
are high spurious suppression, relatively simple frequency control, and achievable broadband frequency source [8]
[9]. The main part of PLL frequency synthesizer is a phase-looked loop. The phase-looked loop is a phase feedback
system. It mainly consists of a VCO, loop filter (LF), and a phase comparator (PC). Through the phase comparator,
the output frequency of VCO can accurately track the change of the input signal [10] [11]. In this design, the PLL
frequency synthesizer was employed.

The frequency synthesizer based on the ADF4350’s integrated PLL and the STM32F103C8 microcontroller
are designed and implemented [12],[13]. The block diagram of the frequency synthesizer is illustrated in Fig. 4.
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Figure 4. The block diagram of the frequency synthesizer

 

 

 

 

 

 

 

 

 

Figure 5. The horn antenna

2.2. The Horn Antenna

Horn antennas are one kind of aperture antennas as shown in Fig. 5, which provides the moderately high gain
compared to other antennas. They are now commonly used for many applications including microwave communica-
tions, feeds for reflector antennas and radar elements. Horn antennas provide high gain, low VSWR, relatively wide
bandwidth and high power handling properties. Recently, many techniques have been proposed for wideband planar
monopole antennas such as notches, beveling, lumped circuit, and various shapes. In this design, we have applied
the beveling technique to control the impedance bandwidth and increase the bandwidth with good control of the edge
frequency.
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3. MEASUREMENT RESULTS
3.1. The Frequency Synthesizer

In order to validate the performance of the frequency synthesizer, a prototype was fabricated as shown in
Fig. 6. The control and display circuit was fabricated on two-layer FR4 material with the dimension of 7 cm×14
cm. The PLL with integrated VCO was fabricated on multi-layers board technology with a small dimension of 5.5
cm×6 cm while the output impedance is matched over the wide frequency band. In total, the designed frequency
synthesizer has a dimension of 9 cm×16cm×3.5 cm. The proposed frequency synthesizer was measured using a

 

 

 

 

 

 

 

 

Figure 6. The fabricated frequency synthesizer

Rohde & Schwarz spectrum analyzer. Fig. 7 shows the measured output power of the proposed synthesizer. As can be
seen in the figure, the output power is from -6 dBm to -3 dBm over a wide frequency range. The operational frequency
can be flexibly changed from 600 MHz to 4.2 GHz. With the proposed design, the frequency stability over temperature
and frequency tolerance are comparable to TCXO that are +/- 2.5 ppm and +/- 3 ppm, respectively. Fig. 8 shows the
phase noise performance which is less than -90 dBc/Hz at 1 KHz and -100 dBc/Hz at 100 KHz. Table 1 summarizes
the performance of the proposed frequency synthesizer and compares it to other published designs operating in a
similar frequency range.

Figure 7. The measured output power of the proposed synthesizer

3.2. The Horn Antenna

All designs and simulations of the horn antenna were carried out using CST Microwave Studio. After op-
timizing, a prototype antenna was fabricated as shown in Fig. 9. It is then measured by using the Vector Network
Analyzer (VNA) and NSI 2000 Near-field System. Fig. 10 illustrates the feed probes of the horn antenna. A monopole
(a) is chosen for horn antennas. In this design, the beveling technique (b,c) is used to improve the bandwidth of the
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Figure 8. The measured and simulated phase noise of the proposed sysnthesizer

Table 1. Comparison with the recent published works

References Frequency (MHz) Phase noise (dBc/Hz)
Ref. [14] 3385-3457 better than -80 at 20 KHz
Ref. [15] 800-4000 -
Ref. [16] 137.5-4400 -90 at 100 KHz
Ref. [17] 210-4400 better than -80 at 1 KHz
This work 600-4200 -90 at 1 KHz, -100 at 20 KHz, -110 at 100 KHz

antenna. The edge frequencies can be controlled by beveling all sides of the feed probe (d1,d2,l1,l2,b1,b2). Fig. 11
shows the simulated input return loss of the horn antenna in three cases. In the first case, the feed probe is a monopole
as illustrated in Fig. 10a. The bandwidth of the antenna is about 500 MHz. In the second case, when the feed probe
is beveled as depicted in Fig. 10b, the bandwidth is extended from 500 MHz to 1000 MHz. In the third case, the
bandwidth is increased from 1000 MHz to 1200 Mhz when the feed probe as shown in Fig. 10c is used. The designed
antenna can operate at both L band and S band. Fig. 12 plots the measured and simulated input return loss of the
designed antenna. As can be seen, the measured result shows a good agreement with the simulated one. The gain of
the antenna is shown in Fig. 13. It archives a maximal gain of 17.5 dBi at 2.8 GHz. Fig. 14 and Fig. 15 show the
radiation pattern and beamwidth of the designed antenna with very low sidelobes.

Table 2. Dimensions of the proposed antenna

Parameters Value (mm)
L 385
W 290
H 398

 

 

 

 

 

 

 

 

 

Figure 9. Measuring the antenna with NSI 2000 Near Field System
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Figure 10. Feed probes of the horn antenna
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Figure 11. Bandwidth improvement by using bevelling technique
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Figure 12. The measured and simulated input return loss of the designed horn antenna
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Figure 13. The measured gain of the designed horn antenna

3.3. The Proposed System

The information of vehicles is displayed on computers’ screen by using our software. This helps the owners
monitor the information and the state of the vessels as well as increase the safety on the sea. The proposed system
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Figure 14. The measured radiation pattern of the designed horn antenna

 

 

 

 

 

 

Figure 15. The measured beamwidth of the designed horn antenna

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. An example for tracking the signs of one vehicle

was tested in a small area within a radius of 2 km. The result is illustrated in Fig. 16, 17. Our software uses the offline
Google map, which helps the users determine the direction of movement. The red line is the route of one target. Beside
the digital map, the software is capable of tracking and displaying the position of the vessels on XY axis coordinates,
and calculating the distance from the vessels to the Continent. In case of danger, the control station in the Continent
will receive the urgent message (SOS) and determine exactly the coordinates of the vessels at that time. After that,
they will cooperate with other systems to rescue quickly and sensibly.

4. CONCLUSION
In this paper, the status data transmitting system suitable for vessel monitoring has been presented. The

proposed frequency synthesizer can flexibly change the frequency in a wide range (from 600 MHz to 4.2 GHz) and the

A Status Data Transmitting System



8 ISSN: 2088-8708

 

 

 

 

 

 

 

 

 

 

Figure 17. Displaying in XY axis coordinates

output power (from -6 dBm to -3 dBm). By using the phase-locked loop, the synthesizer’s stability over temperature
and tolerance are comparable to TCXO that is about +/- 3 ppm. Moreover, phase noise performance of the synthesizer
is less than -90 dBc/Hz at 1 KHz and -100 dBc/Hz at 100 KHz. The impedance bandwidth of the horn antenna
can be controlled by using the beveling technique. The status data module packs information of the identification,
longitude, latitude, and state of the vessel into data frames. FSK/MSK/GMSK schemes were used to modulate the
data. The power amplifier provides 130 W output power at S band. The fundamental characteristics of the implemented
transmitter have been measured and vertified. By changing the parameters automatically, the status data transmitting
system is able to communicate with both satellites and stations, solving the communication distance issue.
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