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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. 

 

 
Figure3：River shores, bridge, piers, and ships 

 
III. KEY ISSUES 

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. 
 
3.1Multi-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. 
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Figure 4: Multi-tiered Geofencing Lines 

 
3.2Detection 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. 

 

 

(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 
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and kF is called a virtual control point explained later. 

A point kP  on a geofencing line can be described by 

1 2( , , , , , , , , , , , , , , , )k b s s w s l s c f tl m m n t kς ς ς=P P p p s s h v v  (2) 

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

(3). bp  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 

{ (1), (2),..., ( 2)}b b b bp p p n= +p . 

where (1)bp and ( 2)bp n + are locations of the bridge's two ends. 

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

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

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

(7). 1s 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). 2s is a array to express the outline of the shore 2, like 1s . 

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

(10). sm is the mass of the ship. 

(11). lm is the mass of the cargoes the ship is loading. For an empty ship, 0lm = .  

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

(13). (0,1]cς ∈ is the status of climate. 1cς = for a good climate ; 0 1cς< < for a bad climate;  the worse the 
climate is, the smaller cς  is.  

(14). (0,1]fς ∈ is the status of the flood. 1fς = for no flood; 0 1fς< < for a bad climate;  the worse the climate is, 
the smaller fς  is. 

(15). (0,1]tς ∈ is a preserved status to describe accidental events. 1tς =  means no accidental events; 0 1tς< <  
means there are accidental events; the more accidental events, the smaller tς  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 bp , the point sp , the points in 1s  and 2s . The minimal value of n is 5, corresponding to the case the 
bridge has no piers, as illustrated in figure 6. 

 

 
Figure 6:The simplest case to calculate kP  

 
This time, { (1), (2)}b b bp p=p means two end-points of the bridge, 1(1)s and 2 (1)s  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 
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dimension of bp  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 lm and sm , a dangerous coefficient dis calculate by 

(1 )l

s

md
m

ϑ= +    (3) 

where (0,1]ϑ ∈  is an h-related experience value. 

And a dangerousvelocity dV  is defined by  

( 1)s
d s

c f t

d n
ς ς ς

+
=V v (4) 

It is seen that the dangerousvelocity is bigger than sv 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 dD is defined by 
( )d w d dT= +D v V     (5) 

where dT is the warning time. 

Accordingly, warning displacements at 60,30,15dT = are respectively 60 60 d=D V , 30 30 d=D V , and 

15 15 d=D V . Note that, dD is different at different point because wv changes from point to point; therefore dD 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. 

 
Figure 7: Virtual control points 

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

1 1 1 1 2 2 2 2{ (1), (2),..., ( ), ,..., , ( ), ( 1),..., (1)}s nF s s s m ,..., s m s m s= −P ,P p P  (6) 

where m is biggest number of j such that the dot product 1( ( ) ) ( (1) ) 0s b ss j p− ⋅ − >p p  for j=1,2,...,dimension of 1s .  

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. 
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IV. 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. 

 
V. 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. 

 
Figure 7: Geofencing lines 
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