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1. Introduction 

During travelling of the marine vessels, the service 

of the Global Navigation Satellite Systems (GNSS) 

such as: US GPS, EU Galileo or Chinese Beidou,... is 

utilized to provide the position information of the 

vessels due to the importance of this information for the 

safety voyage [1]. However, since the GNSS signals 

travelling from the satellite with the distance is more 

than 20.000km from the Earth’s surface, the strength of 

the received GNSS signals is suffered from many error 

sources such as: ionospheric delay, troposphere delay 

and multipath,… [2]. It could be resulted in the weak 

signal or the absence of the GNSS signals. Therefore, it 

is necessary to propose a backup system for GNSS in 

order to implement e-Navigation which is 

recommended by International Maritime Organization 

(IMO) in the near future.  

In marine vessels, Automatic Identification 

System (AIS) plays an important role in managing, 

supervising the vessel voyage and implementing the 

collision avoidance system between vessels travelling 

in the same sea area. AIS provides many important 

information relating to identify the vessel including: 

ship name, Maritime Mobile Service Identify 

(MMSI), call sign, cargo, dimensions, destination, 

Speed Over Ground (SOG), Rate Of Turn (ROT), 

Heading, Longitude, Latitude,… At the beginning, the 

longitude and the latitude of the vessel in AIS is 

provided by external GNSS receiver such as GPS or 

by an internal GPS receiver. Initially, AIS is a 
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Tóm tắt 
Hiện nay, hệ thống định vị sử dụng vệ tinh (GNSS) 

là hệ thống định vị chính trên các tàu biển. Tuy 

nhiên, để đảm bảo độ ổn định và tin cậy các thông 

số về vị trí của tàu biển, bên cạnh hệ thống GNSS, 

cần phải triển khai một hệ thống dự phòng cho 

GNSS trong trường hợp tín hiệu GNSS bị che 

khuất và chịu tác động của nhiễu. Trên các tàu 

biển, hệ thống nhận dạng tự động (AIS) được sử 

dụng để cung cấp các thông tin liên quan đến 

thông số hành trình tàu và thông số nhận dạng tàu 

như: số nhận dạng MMSI, vị trí tàu, tốc độ tàu, 

hướng mũi tàu, tốc độ quay trở để thực hiện giải 

pháp tránh va và quản lý tàu. Tuy AIS là hệ thống 

thông tin, các thông số của tín hiệu AIS có thể 

được sử dụng để xác định vị trí của tàu. 

Vì vậy, bài báo này đề xuất giải pháp xác định vị 

trí tàu thông qua các tín hiệu của hệ thống AIS. 

Quá trình định vị vị trí tàu được tính toán dựa trên 

việc thu tín hiệu AIS từ ít nhất 03 đài bờ theo 

phương pháp thời gian tới (TOA). Sai số của 

phương pháp TOA được đánh giá bởi giới hạn 

dưới Cramer-Rao (CRLB). Các kết quả mô phỏng 

chỉ ra các yếu tố ảnh hưởng đến hiệu năng hoạt 

động của phương pháp TOA với tín hiệu AIS. 

Từ khóa: AIS, nhận dạng tự động, phương pháp 

định vị, thời gian tới. 
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communication system and it is not used for 

positioning and navigation purpose. Moreover, the 

shipborne AIS station includes the AIS transmitter 

and the receiver whereas the shore-based station is 

only the receiver. However, the position of the shore-

based station is fixed and could be known in advance. 

If the AIS transmitters are installed at the shore-based 

stations, the vessel can estimate its position based on 

the time of receiving AIS signals. 

In this paper, the method of estimating the range 

between the shipborne station and the shore-based 

station based is researched. The range is estimated 

based on the data of received AIS signals by time of 

arrival (TOA) method. With at least the measured 

ranges of the vessel and 03 shore-based stations, the 

position of the vessel could be caculated via 

triangulation. Then, Cramer-Rao Lower Bound 

(CRLB) criterion for the assessment the measuring 

error of the estimator is formed for the proposed 

method.  

The rest of the paper as follows: Section 2 

analyses the characteristics of the AIS signal. The 

pseudo range measurement using AIS signals between 

the shipborne station and the shore-based station by 

TOA method is presented in Section 3 and Section 4 

assesses the estimator performance and gives out 

discussion. Finally, some conlcusions are shown in 

Section 5. 

2. The characteristics of AIS signals  

In AIS, the information of vessel’s voyage is 

transmitted in the Very High Frequency (VHF) band 

ranging from 156,025MHz to 162,025MHz with the 

bandwidth of 25kHz for each channel. Among them, 

two channels of 87B and 88B which located at 

161,975MHz and 162,025MHz have been designated. 

In order to share the medium for transmitting AIS 

signals in one channel between multi users, the Time 

Division Multiple Access (TDMA) is used. One 

channel in AIS has 2250 time slots, therefore, each 

user uses a time slot of 26,67ms for digital signal 

transmission. Each channel in AIS has a bandwidth of 

25kHz and the modulation is Gaussian Minimum 

Shift Keying (GMSK). In comparison to Mininum 

Shift Keying (MSK), the spectrum of GMSK is 

narrower but has lower side lobes at the same bit error 

performance. The spectrums of MSK and GMSK are 

illustrated in Figure. 1.  

GMSK is the special case of Continuous Phase 

Modulation (CPM) where the Gaussian filter is used. 

The modulated signal of CPM is expressed as: 

2
( ) sin 2 ( )s

c k s

ks

E
s t f t m p t kT

T
 

 
   

 
    (1) 

where 
sE is symbol energy, cf is carrier 

frequency, 1km   is binary data in polar NRZ 

form, 
sT  is symbol interval and ( )p t is phase 

response of the modulator. The phase response is 

related to the frequency response as: 

( ) ( )

t

p t g x dx


 
 where ( )g t is the frequency 

response. For GMSK, the frequency response is 

expressed as: 
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 (2) 

where 𝐵  is the bandwidth parameter, for AIS, 

0,4SBT  ; L  is the correlation length, for GMSK, 

4  5L or L  and ( )Q x is the Gaussian probability:  

2 /21
( )

2

y

x

Q x e dy




 
                (3) 

There are 27 types of AIS messages as defined in 

ITU M.1371-5 [3]. Each message starts with a training 

sequence of 24 bits, then a 8 bit-start sequence, giving 

32 known bits at the beginning. Finally, it is ended 

with a 8 bit-stop sequence. Moreover, an AIS message 

lasts 256 bits for a single-slot, but there are possible 

for multi-slot message. 

 

Figure. 1 Spectrums of GMSK and MSK 



 

 

TẠP CHÍ KHOA HỌC CÔNG NGHỆ HÀNG HẢI         Số - 62 (04/2020) 

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY (ISSN: 1859-316X) 
JMST 

54 

3. Positioning estimation method using AIS 

signals based on TOA 

As above-mentioned, AIS is a communication 

system for providing the identification information 

between the vessels together or between the shore-

based station and the vessel station. For vessel 

positioning purpose, many shore-based stations is 

needed and one a shipborne AIS receiver as shown in 

Figure. 2. In order to determine precisely the position 

of the vessel, the time synchronization is required for 

all shore-based stations. In positioning mode, the 

shore-based stations play as the reference nodes with 

known longitudes and latitudes by the vessel. The 

vessel ultilizes these coordinates and the time of 

receiving AIS message for its position estimation.  

The ship B

The shore-based 
station 2

The shore-based 
station 3

The ship A

The shore-based 
station 1

Figure 2. The structure of AIS for the vessel positioning 

The Message 4 of AIS signals with Universal 

Time Coordinated (UTC) and the postions of shore-

based stations [3] reaching shipborne station from the 

shore-based station is used for the estimation progress. 

Based on received message 4, using TOA method, the 

pseudorange 𝐿𝑚  between the vessel with the 

longitude and the latitude (𝜆, 𝜑)  and the 
thm  

shore-based station with the longitude and the latitude 

(𝜆𝑚, 𝜑𝑚)  could be estimated as: 

𝐿𝑚
̅̅ ̅̅ = 𝐿�̂� +

𝜕𝐿�̂�

𝜕𝜔
Δ𝜔 +

𝜕𝐿�̂�

𝜕φ
Δφ   (4) 

Where: 𝐿𝑚
̅̅ ̅̅  is the measured range, 𝐿�̂�  is the 

estimated range, ( Δ𝜔, Δφ ) is the variations of 

estimated parameters. With the set of 𝑛 shore-based 

stations, the positioning matrix is expressed as: 

1 1

1

ˆ ˆ

ˆ ˆ
n n n
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R 

Figure. 3 The relationship between (𝝀, 𝝋) and 

(𝜟𝝎, 𝜟𝝋) 

where 𝛿𝐿𝑚 = 𝐿𝑚
̅̅ ̅̅ − 𝐿�̂� . The relation between 

(𝜆, 𝜑) and (Δ𝜔, Δφ) is shown in Figure. 3 and could 

be expressed as: 

           1
.
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 (7) 

The matrix equation (5) could be written in the 

simplized form: 

 L A B X HX     (8) 

Matrix H is called the positioning matrix. 

Implementing the Least Square Root algorithm to 

determine the vector X of the estimated position of the 

vessel as: 

1(H H)T TX H L    (9) 

Then, the longitude and the latitude of the vessel 

(𝜆, 𝜑) is calculated as (9).  

4. Simulation Results and Discussion  

4.1. Simulation results 

Due to the using TDMA technique in AIS, the 

duration of time slot is 26,67ms and this duration is 

corresponding to the distance of approximated 8000 

km. This distance is extremely futher than the 

maximum range of AIS signals (about 40 km). It 
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means that the transmission time of propagating AIS 

signals from the shore-based station to the vessel is 

completely within one time slot. Therefore, by using 

GMSK demodulation based on carrier phase tracking 

loop, the estimation of both the time of bit transition 

and carrier phase could be ultilized for the range 

calulation between the vessel and the shore-based 

station. However, almost AIS shore-based stations are 

not located and arranged for positioning purpose. 

Moreover, the AIS signals from the shore-based 

stations reaching to the vessel are the superimposetion 

of many propagation paths beside LOS component 

such as: reflection paths, diffraction paths (commonly 

called NLOS or multipath components). 

 

Table. 1 Simulation scenario 

Parameter Value 

Number of the shore-based 

stations 
3 to 5 stations 

Number of the vessel 

station 
1 stations 

Carrier frequency 𝑓𝑐 162MHz 

Distances between the 

shore-based stations and 

the vessel station 

From 10km to 

20km 

Channel model AWGN 

Number of path  1 (only LOS path)  

Figure. 4 Vessel’s position estimation and estimation error via TOA method using AIS signals  

with 3 (upper), 4 (middle) and 5 (lower) shore-based stations 

Table. 1 Simulation scenario 
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In order to verify the performance of TOA method 

in vessel positioning with AIS signals, the simulation 

scenario is implemented as shown in Table. 1. There 

are some shore-based stations and 01 shipborne. The 

position errors are illustrated in Fig. 4. As shown in 

the figure, the performance of TOA method is 

degraded due to the arrangement of AIS shore-based 

stations. Since almost AIS shore-based are not located 

and arranged for positioning. They are located along 

the coast-side while the AIS shipborne station is on 

the sea. The arrangement of AIS shore-based station 

can not be surrounding the AIS shipborne station. 

Therefore, the estimation errors are very high in 

comparison to the errors of GPS. Moreover, when the 

number of “visible” AIS shore-based stations 

increases, the performance of the TOA method is 

improved. If re-arranging of AIS shore-based stations 

for positioning with allocating them around the AIS 

shipborne station, the estimation error of TOA method 

is significantly decreased. 

The main contributions of this paper are two-fold. 

First, we recommend a hierarchical framework for 

employee competency with customization for 

logistics sector. Such framework could be used by 

different stakeholders for their own purposes. The 

logistics employers could use the recommended 

criteria to evaluate the strength and weakness of their 

staffs, thereby forming solutions to improve their 

human resource competency. The employee could 

also form a plan to improve their working capabilities 

based on given criteria. From the macro level, the 

evaluation of the human resource competence in the 

logistics sector of an area could be assessed, as proved 

in our empirical research. 

4.2. Performance Assessment and discussion 

The positioning performance of the estimator can 

be measured and assessed by Cramer-Rao Lower 

Bound (CRLB). It is the theoretical lower bound for 

the variation of the desired parameters of the estimator, 

such as positioning parameters in this paper. 

Assuming the channel between the shore-based 

station and the vessel is Additive White Gaussian 

Noise (AWGN) channel with the spectral density 
𝑁0

2
. 

The received AIS signals at the vessel (in complex 

baseband form) is: 

 sin( ) 2 ( ) ( )r t A ft s t n t        (10) 

Where 𝐴  is the signal amplitude; 𝑠(𝑡)  is the 

transmitted GMSK AIS signal; 𝑛(𝑡) is the AWGN; 

∆𝑓  is frequency offset; ∆𝜑  is an unknown phase 

(due to the phase mismatch between the receiver’s 

local oscillator and the phase of received signal); 𝜏 is 

an unknown time delay (it is the interested term for 

ranging). With the random of data bit, the CRLB on 

the performance of the receiver estimator for the time 

delay is [4]: 

 0
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dt
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where Ε(. ) is the statistical expectation operator; 

0T is the observation time.  

For the GMSK modulation, the CRLB could be 

written as: 

 2

0 0
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(0) 2( 5) ( )
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s
g g s
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E
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where (.)gR is the autocorrelation function of the 

frequency pulse; 𝛼 the scaling factor related to 𝐵𝑇𝑠 

[3]; with AIS: 𝐵𝑇𝑠 = 0,4, 𝛼 = 0,68. For GMSK, we 

have [3]: 

(0) 0,1597 /

( ) 0,0443 /

g s

g s s

R T

R T T




  (13) 

Assuming 
0 5L and substituting in for (.)gR :  

      
2
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( )
2

2,48

s

s

T
CRLB

E
L

N




   (14) 

0L is the number of bits, 
0 0 sT L T . In AIS, with 

the bit rate of 9600bps, we have 1/ 9600( )sT s .  

In Figure. 5, the results of standard deviation of 

time delay according to the values of symbol energy 

per noise ratio (𝐸𝑠/𝑁0) for various observation times 

are shown. It can be seen that the higher the 𝐸𝑠/𝑁0 

is, the smaller the measuring error is. On the other 

hand, the longer the observation time is, the smaller 

the measuring error is. Assuming the typical noise 

power of AWGN channel is set as -114dBm [5]. With 
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the received signal level of AIS receiver is -107dBm, 

then, the ratio (𝐸𝑠/𝑁0) is 7dB, it could result in the 

time delay error is 750ns, equivalently 225m in 

pseudo-range error for 𝐿0 = 1280𝑏𝑖𝑡𝑠 (5 time slots) 

and the time delay error is 1570ns, equivalently 470m 

in pseudo-range error for 𝐿0 = 256𝑏𝑖𝑡𝑠 (single time 

slot). A single time slot is used with message 4 and 5 

time slots are used with message 8. However, the 

typical received signal level at AIS receiver is -

75dBm, therefore, the ratio (𝐸𝑠/𝑁0) is 39dB. Finally, 

the time delay error is only 18ns or pseudo-range error 

is 5,65m and 40ns or pseudorange error is 12m for 

𝐿0 = 1280𝑏𝑖𝑡𝑠 and 𝐿0 = 256𝑏𝑖𝑡𝑠, respectively. 

 

Figure. 5 Time Delay Error Standard Deviation versus 

Signal Power 

5. Conclusions  

For resilent PTN in maritime navigation, AIS 

can be used as an alternative system of GNSS in the 

vessel’s positioning. The position of the vessel is 

estimated based on receiving AIS signals from at least 

03 shore-based stations via TOA method. However, 

the variation of measuring parameters is suffered from 

many error sources. The measuring error of TOA 

method is assessed by CRLB. From the results, the 

measuring error of TOA method is acceptable in 

comparison to the vessel dimensions as well as the the 

accuracy of GNSS. Thefefore, the vessel position 

estimation based on AIS signals is feasibility for e-

navigation in the future. Finally, more error 

supression methods needed being researched and 

proposed for improving the accuracy of positioning 

based on AIS signal. This issue could be focus in the 

futher research.  
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