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ABSTRACT
:
 
In order to prevent collision of bridge piers with ships, this paper introduces a dynamical virtual-fenced warning technology to develop warning system for ships' sailing in the rivers. By means of the technology, geofencing lines are calculated with parameters related land data, water data, ship data, climate data, and other unpredicted data. The technology proposes to assign the geofencing lines in multi-tier so that alert signals can be emitted with different levels according to the ship's being inside or outside of the fencing zones. By defining dangerous velocity and warning displacement, the paper presents details in calculating virtual control points that are used to compute the geofencing lines with cubic B-spline curve. The method and the technology is helpful to develop warning system to prevent bridge from colliding with ships.
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INTRODUCTION 
Bad news of bridges being collapsed by collision with ships extremely caught people's eyes in the first season of 2024. On March 26, 2024，the famous Baltimore bridge was collapsed by a collision with the container ship ‘DALI’ only after one month a Lixinsha bridge in China had been broken down by a container ship on February 22, 2024, as shown in figure 1.
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	(a) The collapsed Lixinsha bridge in China
	(b) The collapsed Baltimore bridge in USA

	Figure 1: Bridges collapsed by collision with ships


The accidents enhanced people's concerns on the topics to prevent bridge pier from collision with ships, which has been researched by engineers and researchers. From recent published literatures [1], [2], [3], and [4], it is known that, people have developed methods in two aspects, to enhance the reliability bridges by means of engineering itself and to developing protective technologies. As for  the protective technologies, the one with intelligent navigation has been popularly researched , as the literatures [5]~[9]. For example, [5] explored ship navigation in restricted waters, [6] researched ship and barge over navigable waterways, and [9] investigated flexible guided anti-collision for bridge pier protection. As reviewed in [10], intelligent ship path planning can both guide the ships travel in the way of  safety, efficiency, and accessibility. 
Algorithm is of course the core of the intelligent navigation. There are many algorithms with different traits, which are seen in [11]-[15]. Particularly, algorithms related with avoidance of collision raised interests, as overviewed in [16]. However, with so much navigating software in use, collisions still happened frequently, which shows something is still in need. Accordingly, this paper proposes a dynamical virtual-fenced warning technology to prevent bridge pier from collision with ships.  
This paper consists of five parts. The first one is this introductory section, the second one is a framework to model the algorithm, the third one is the description of the algorithm, the fourth is the some numerical tests, and the last one is the conclusion.

Essence of Geofencing-based Warning Technology
Geofencing is a technology that allows creating a virtual boundary around a physical location, using GPS, RFID, Wifi, cellular data, or other methods. Fabrice Reclus introduced the technology in detail in book [17]. Geofencing can be used for various purposes, such as triggering an action, sending a notification, collecting data, or providing a service, when a device or an object enters or exits the geofenced area. Literatures [18] and [19] gave practical examples of applying the technology. 
This subsection first briefly introduces the principle of the geofencing base warning system, then presents the main idea of dynamical warning system to prevent bridge pier from collision with ships.

2.1 Principle of the Geofencing Technology
In practice, geofencing consists of establishing a virtual perimeter around a geographical zone and then connecting mobile devices to it; an alert is emitted when one of these mobile devices crosses the perimeter. In T Banu's words, geofencing technology is gathering attention. When a user enters a geofence, the event is detected and predefined actions are triggered automatically. The technology is directly implemented within software solutions for tracking and managing mobile assets. The global navigation satellite system (GNSS), the electric maps, and wireless  communication are the foundations of the technology. In the aspect of transportation in the cities and sail on the water, GPS is inevitable. The principle can be simply described as follows.
1-  Assign a geofence area to pay attention to by drawing a geofence, as illustrated with figure 2.
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Figure 2: Assign a geofenced area
2- Associate the concerned moving object (CMO), e.g., a car or a ship, with the assigned geofenced area via software, e.g., APP, or warning system.
3- Set the alert message or information for the CMO to go inside or outside of the area.
4- Switch on the GNSS or GPS embedded in the CMO.
5- Notice if there is an alert message received from the APP or the warning system.
Therefore, once the CMO is going inside or outside the geofenced area, the supervisor of the CMO is warned by an alert message. By this means, a ship approaching a bridge is surely monitored and controlled if it is going to hit for a bridge pier.

2.2 Dynamical Virtual-fenced Warning Technology
As stated in previous subsection, a ship approaching a bridge can be monitored and controlled if it  goes inside or outside of a geofenced area. Hence a geofenced warning system can be surely designed to avoid a ship's hitting for a bridge pier by means of geofencing the piers. The assignment of the geofence is the critical issue because it is a dynamic one and unlike the one assigned on land. Drawing a geofence on land is simply to draw perimeter around a geographical zone on the electric map because everything on land, e.g., trees, buildings, rivers, mountains, and so on, is fixed once they were formed. The geofence for a bridge pier is flexible because it depends not only the location of the pier but also the situation of the water on which the ships sail, the climate particularly the wind, as well as the voyages of other ships. 
A dynamical geofenced warning system shall automatically calculate a geofence by parameters that are previously set or instantly detected. The parameters can be sorted by land-related, water-related, climate-related, ship-related, and other-related.
1- The land-related parameters are static ones such as the locations of the piers, the shores of the river near the bridge, and so on, as described in figure 3.
2- The water-related parameters are variable ones including the velocity, the depth of the water near the bridge because their variable with if it is a flood season or not.
3- The climate-related parameters are related with the states of the wind, the rain, and so on. They are of course variable ones.    
4- The ship-related parameters include the size, the mass, the loads, the velocity, the location, the up-down-status of the ship, and so on. Such data of other ships sailing nearby are also this kind. These data are surely variable data.
5- The other-related parameters include some accidental or uncertain ones. For example, to indicate if there is a damaged ship on near the route or not.
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Figure3：River shores, bridge, piers, and ships

KEY ISSUES
[bookmark: _Toc362244865][bookmark: _Toc362245029][bookmark: _Toc362245040]After knowing the essence of the geofencing-based warning system, it leaves the matter to  design and realize the system. Seen in the previous analysis, automatic calculation of the geofence is the primary key issue in the system. Meanwhile, how to assign the geofence is also important factor. This subsection first analyzes the key issues in design and then presents a strategy to realize the system.

3.1 Multi-tiered Geofencing Lines
In order to be safe enough, more than one the geofencing line is arranged in tier. Here suggest to use three or more ones that are distributed in terms of the predict time at which a ship arrives at the bridge. The geofencing lines are encoded with a number according to their level of emergency. The 0-level is the most emergent one, and thus it is the nearest to the bridge. the 1-level is next to the 0-level, and so on. Take a 3-leveled system as an example, level 2 geofencing line is assigned to an hour's sailing, level 1 is associated with that of half an hour, and level 0 is 15 minutes. Figure 4 demonstrates the layout of the geofencing lines.
By such arrangement, the supervisor of the ship will be alerted with an alert information when the ship is an hour's way to the bridge, alerted once again when the ship is half an hour's way, and alerted the third time when the ship is 15 minutes away from the bridge.

[image: ]
Figure 4: Multi-tiered Geofencing Lines

3.2 Detection of Variable Parameters
Detection of variable parameter is mandatory because they are basic data to determine the geofencing lines. To do, detective equipments (sensors) are pre-installed on the shores of the river or at specified location. For example, in figure 5 (a) is to measure the latitude of the water and (b) is for velocity. All the measured data are sent to the data center and processed to be used in warning instantly.
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	(a) Measurement of latitude
	(b) Measurement of velocity

	Figure 5: Real time measurement 


3.3 Calculation of Geofencing Line
A geofencing line g is mathematically a cubic B-spline curve defined by

                                        (1)
where 



and is called a virtual control point explained later.

A point  on a geofencing line can be described by

                    (2)
The parameters in (2) act as following descriptions:
(1). t is the time at which the calculation is done.  
(2). l is the level of the calculated geofencing line. 

(3). is an array to express the locations of the bridge piers; normally it contains all the locations of the piers as well as two end-points of the bridge. If the bridge has n piers, then

.


where and are locations of the bridge's two ends.

(4). is the instant location of the ship at time t.

(5). is the instant velocity of the ship at time t.

(6). is the velocity of the water at time t.

(7). is a array to express the outline of the shore 1; it is also an array to recode a serious of locations taken from the shore 1, with the first one is the nearest to the bridge. 


(8). is a array to express the outline of the shore 2, like .

(9). is the depth of the water where the ship is staying.

(10). is the mass of the ship.


(11). is the mass of the cargoes the ship is loading. For an empty ship, . 



(12). is the number of the ships in the water ranged from  and .




(13). is the status of climate. for a good climate ; for a bad climate;  the worse the climate is, the smaller  is. 




(14). is the status of the flood. for no flood; for a bad climate;  the worse the climate is, the smaller  is.




(15). is a preserved status to describe accidental events.  means no accidental events;  means there are accidental events; the more accidental events, the smaller  is.
(16).  k is the index of virtual geo-point.




It needs pointing out that the result calculated by (2) is a array of dimension n that is determined by the array , the point , the points in  and . The minimal value of n is 5, corresponding to the case the bridge has no piers, as illustrated in figure 6.
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Figure 6: The simplest case to calculate 





This time, means two end-points of the bridge, and  are respectively two start-points of shore 1 and shore 2. This five points form the base to compute the simplest case. By property of the cubic B-spline curve, two segments of the curve can be calculated by the 5 points. If the bridge has piers, the dimension of  increases with the number of the piers added. If the ship is far away from the bridge, more data of the shores are taken into account. 


With and , a dangerous coefficient d is calculate by

                                                                                   (3)

where  is an h-related experience value.

And a dangerous velocity  is defined by 

                                                                  (4)

It is seen that the dangerous velocity is bigger than in bad climate, flood status, accidental event , or with large loads or big number of ships nearby. The higher the dangerous velocity is, the more dangerous the ship's sail is.

With dangerous velocity, the warning displacement is defined by

                                                                               (5)

where is the warning time.







Accordingly, warning displacements at are respectively ,, and . Note that, is different at different point because changes from point to point; therefore is variable from point to point.   
Computation of  the virtual control point for the B-spline (1) needs to compute for each pier a warning displacement and then form a set F of the control points along with those form the two shores. Use figure 7 to show the principle.
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Figure 7: Virtual control points

By this means, the virtual control points form the set F, namely,

       (6)


where m is biggest number of j such that the dot product for j=1,2,...,dimension of . 
Regarding each element in F as a control point, the B-spline (1) is easily calculated. 

3.4 Different Alert Signals
A signal consists of a message and a voice. To distinguish the level of the warning, it is necessary to use different messages and voice. For example, messages "You are arriving at a bridge in an hour", "You are arriving at a bridge in half an hour", and "You are arriving at a bridge in 15 minutes", are proposed. Readers of course design some other messages.

IMPLEMENTATION AND APPLICATION
With principle introduced in the previous section, implementation of the warning system is easy by developing APP or warning software embedded in ships. As seen in figure 8, geofencing lines are calculated perfectly. The technology is going to be applied and equipped on ships of Hunan province.
CONCLUSIONS AND RECOMMENDATIONS 
Prevention of bridge piers from collision with ships has been a research topic in bridge engineering and informatics. Despite the intelligent navigation for ship provides many skills in ships' sailing, the warning system is still in need. Development of proper warning system is necessary. The dynamical geofencing warning technology can help develop such systems. Hope certain work will be done and benefits will be revealed in the future.
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Figure 7: Geofencing lines
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