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Abstract—This paper presents a practical formation control 
strategy for unmanned surface vehicles (USVs) under sensor 
constraints with no communication interchange. The team of 
USVs equipped with monocular visions are modeled in a Leader-
Follower (L-F) formation. The formation controller relies on 
line-of-sight (LOS) range and bearing information received from 
the forward looking camera. The onboard vision sensor is 
assumed to be able to measure the range and bearing 
information of the leader, and the vision sensor’s capability is 
restricted due to limited Field of View (FOV) and visual range. 
An outer-loop backstepping controller is first designed to 
stabilize the formation, then an inner-loop controller is designed 
to cope with the sensor constraints in order not to lose the 
leader’s information. The proposed controller guarantees that 
the formation is always maintained. The effectiveness of the 
proposed strategy is demonstrated by numerical simulations.  

Keywords—unmanned surface vehicle (USV); formation 
control; Leader-Follower (L-F); sensor constraints 

I. INTRODUCTION  
The formation control of multi-vehicle systems has gained 

enormous interest in the research of system and control. This 
is partially due to its proficient in performing difficult tasks, 
such as costal patrols, environmental monitoring, disaster 
search. The relevant applications have arisen in marine 
engineering include collaborative anti-submarine, surveillance 
of territorial waters, underway ship replenishment[1], etc. 
Therefore the coordination and formation control of multiple 
marine vehicles has been and still remains an active topic of 
research[2]. Many researchers have made contributions to the 
formation control, and several methods have been proposed 
include leader-follower method[1][3~6], virtual structure 
strategy[7][8], behavior-based approach[9][10], graph theory-
based method[11][12][13], artificial potential method[14], and 
so on.  

The Leader-Follower (L-F) method is most preferred in 
practice because of its simplicity and scalability[4]. In an L-F 
formation, one or more individual of the group is designated 
as the leader, and the others are designated as followers, the 
followers follow the leader to keep the desired distance or 
angle, then the formation will be achieved ultimately. During 
the last decade, the formation control has been focused on the 
marine vehicles, and most of works appear to have been done 
within the L-F framework. In [15], nonlinear formation 

control of marine craft is considered, and vectorial 
backstepping is employed to solve the geometric task and the 
dynamic task. A method for formation control of marine 
surface craft inspired by Lagrangian mechanics is presented in 
[16], and the method is also suitable for underactuated ships. 
In [17], sliding mode control laws for L-F formation control of 
multiple USVs in arbitrary formations are proposed. Within an 
L-F framework, fully actuated ships are controlled as a 
formation by applying the integrator backstepping and cascade 
theory in [18]. In [19], the problem of path following and 
formation control for underactuated surface vessels in the 
presence of unknown ocean currents is considered, and the 
proposed controllers are based on LOS guidance, adaptive 
control, and cascaded systems theory. In [5], formation control 
of multiple underactuated autonomous underwater vehicles 
(AUVs) is concerned, where a virtual vehicle is constructed 
such that its trajectory converges to the reference trajectory of 
the follower. In [20], a linear consensus protocol is proposed 
for networked multiagents, the whole group dynamics is 
regarded as a time-varying system. A robust adaptive 
formation controller is developed by employing neural 
network and dynamic surface control technique to keep the 
underactuated autonomous surface vehicles (ASVs) moving in 
an L-F formation in [1], where the proposed method only uses 
the measurements of LOS range and angle by local sensors. 
An algorithm is proposed for formation control in absence of 
leader’s velocity information in [21]. In [22], a new 
implementable cooperative adaptive backstepping controller is 
proposed for a group of AUVs to track a time-varying virtual 
leader, where the singular perturbation theory is also used so 
that the neighbour’s velocity information is precluded in the 
cooperative design. In [23], the control of the leader is 
designed for tracking the desired path by Pontryagin 
Maximum principle, and the followers are moving to follow 
the leader’s path under the optimal tracking control. In [24], 
the neural network and approach angle are used to implement 
formation control of AUVs without the velocity information 
of the leader. An optimal path for landmark-based navigation 
by differential-drive robots with Field-of-View (FOV) 
constraints is proposed in [25], where only one vehicle is 
considered. In [2], the proposed control design employs 
dipolar vector fields and a viability-based switching control 
scheme, considering that the sensing capabilities are restricted, 
due to limited range and angle-of-view, however the method 
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assumes that the leader’s velocity is a priori known to the 
follower.  

In general, among those control designs, two types of 
methods can be summarized. One type for L-F formation 
control needs communication information between leaders and 
followers, and deals with the problems caused by 
communication delay, packet lose[26][27], etc. Another type 
for L-F formation control requires the local sensors such as 
radar and sonar to measure the vehicles’ states, and copes with 
noises which are bad for measurements. However, most of the 
researchers assumed that there were no constraints with the 
sensors they used, which is not practical.  

Sensor constraints is a common problem which has not 
been well handled in marine engineering. In this paper, we 
proposed a framework to solve this problem, which is simple 
and practically useful. Three USVs equipped with monocular 
visions are modeled in an L-F formation using Cartesian 
coordinates as shown in [28]. We assume that no information 
is exchanged between each vehicle, and the vision sensor has 
constraints which is to say the sensor’s capability is restricted, 
and the onboard vision sensor is able to measure the range and 
bearing information relative to the leader. In order to keep the 
formation of the USVs with sensor constraints, a control 
hierarchy with double feedback loops is adopted. To get the 
desired formation, a controller based on backstepping method 
is designed in the outer-loop which takes charge of the 
kinematics control of the formation and the dynamics control 
of the USVs. In the inner-loop, the traditional Proportion-
Integration-Differentiation (PID) controller is used to keep the 
followers tracking the leader so that the formation will always 
be maintained even if there are sensor constraints. 

The rest of the paper is organized as follows. In Section 2, 
the modeling of the system is provided and the sensor 
constraints are stated. Section 3 shows the practical formation 
control of the system. In Section 4, simulation results are 
shown. Section 5 is the conclusion. 

II. PROBLEM FORMULATION AND PRELIMINARIES  
This section describes the kinematic and dynamic model of 

the USVs, and provides the L-F formation model using 
Cartesian coordinates. The sensor constraints problem and 
some definitions are introduced. 

A. Vehicle Modeling 
Assuming that the inertia, added mass, and hydrodynamic 

damping matrices are diagonal, which holds good for ships 
having port/starboard and fore/aft symmetry, and neglecting 
the motions in heave, roll, and pitch, the kinematics and 
dynamics of the USV without no external disturbances can be 
described as follows[29]: 
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Here, ( , )x y  denotes the position and ϕ  is the heading 
angle of the USV in the earth-fixed frame; u , v  and r  are the 
velocities of the USV in the body-fixed frame ( u : surge 
velocity, v : sway velocity, r : angular velocity in yaw); 

( 1,2,3)im i =  are the inertia of the USV including added 
masses; ( 1,2,3)id i =  are the hydrodynamic damping in surge, 
sway and yaw; uτ  and rτ  are the control signal ( uτ :  surge 
force, rτ : yaw moment). For the actual USV, the velocity and 
input force are limitied, so we make the following assumption. 

Assumption 1. The velocities and input forces of the USV are 
bounded as maxsup || || 

t
u u= , maxsup || || 

t
v v= , maxsup || || 

t
r r= , 

maxsup || || u u
t

τ τ= , maxsup || || r r
t

τ τ=  with known bound 

max 0u > , max 0v > , max 0r > , max 0uτ >  and max 0rτ > . 

B. Leader-Follower Formation 
In this paper, the leader vehicle will be denoted with a 

subscript ‘ L ’, while the i -th follower vehicle will be denoted 
with a subscript ‘ Fi ’. Fig. 1 presents the basic geometric 
structure of two USVs moving in the L-F formation in 
Cartesian coordinates, where ( , , )L L LX Y ϕ  is the position and 
yaw angle of the Leader, ( , , )Fi Fi FiX Y ϕ  is the position and 
yaw angle of the Follower i, ( , )LFi LFil λ  denotes the LOS 
range and bearing information between the Leader and the 
Follower i. The formation is defined as 

 [ ]T
LFi LFi LFil λ=F , (3) 

where 0LFil ∈ >R , [0, ]LFiλ π∈ . 

The desired formation is defined as 

 [ ]d d d T
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Fig. 1. Leader-Follower formation 



In Fig. 1, xl  and yl  are the projects of LFil  along x  and y  
directions relative to the leader. As long as ( , )x yl l  is fixed or 

controlled to be the desired value ( , )d d
x yl l  and the orientation 

and relative position of the leader are given, the follower’s 
position will be unique. So the desired formation d

LFiF  will be 
maintained. xl  and yl  are got as follows: 
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Combine (1) and (5), we can get the formation kinematics 
model as 
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The distance errors in x  and y  directions are defined as 

 d
x x xe l l= − , d

y y ye l l= − . (8) 

Combine (6), (7) and (8), then the error model of the system 
are given as 
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Therefore, the control task is to design control algorithms for 
the followers such that 

 lim || || 0yt
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e
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where Δ  always chooses 0 , because in formation control the 
orientation of the follower is always kept being the same as the 
leader’s. 

C. Preliminaries 
In this paper, three USVs equipped with forward-looking 

vision sensors are modeled, and each vision sensor is assumed 
to have FOV limitations. The circular sector of radius rangeD  
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Fig. 2. Sensor constraints 

and angle 2α  as shown in Fig. 2 define the effective sensing 
area of each USV. Thus each vehicle can get the 
measurements of the objects moving within its sensing area. 
The two USVs shown in Fig. 2 can form a formation if and 
only if the Follower i maintain the sensing with the Leader.  

To facilitate the control design, we make the following 
assumptions. 

Assumption 2 The formation state vector LFiF  and leader’s 
orientation is measured accurately by sensor. And the leader’s 
velocities are assumed to be calculated from time derivative of 
the sensor measurement. 

Assumption 3 The FOV of the onboard sensor has a 
constraint angle 2α . The visual range of the sensor vd  is 
bounded as sup( )v ranged D= . And the desired range d

LFil  
between leader and follower is bounded as sup( )d

LFi rangel D<< . 

Assumption 4 The orientation and velocities of each USV is 
known for itself. No disturbances and obstacles are considered 
in this formation system. 

III. PRACTICAL FORMATION CONTROL 
This section presents the practical formation controllers 

designed with formation kinematics controller, dynamics 
controller and switching controller. In order to keep the 
formation of the USVs with sensor constraints, a control 
hierarchy with double feedback loops is adopted. In the outer-
loop, the kinematics controller is designed to calculate the 
follower’s desired forward speed d

Fu  and desired 
angular velocity d

Fr  to satisfy (10) and (11) so as to maintain 
the desired formation, and the dynamics controller is applied 
to make the USV generate desired input signals ( d

uτ : desired 
surge force, d

rτ : desired yaw moment) to get the desired 
velocities ( d

Fu  and d
Fr ). In the inner-loop, the traditional PID 

controller is used to keep the followers tracking the leader so 
that the formation will always be maintained since sensor 
constraints are concerned in this research. The control 
hierarchy of each individual USV is illustrated in Fig. 3.  
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Fig. 3. The formation control hierarchy 

A. Kinematics Control 
A rotation matrix eR

ϕ
 is defined firstly: 
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Then we can rotate the distance errors in (8) to the 
follower’s coordinate 
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where  

 1
d d

L y L xu l lξ ϕ= + − , 2
d d

L x L yv l lξ ϕ= − − . 

Step 1: Define the control Lyapunov function (CLF) 

 2 2
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whose time derivative combined with (14) is given by 
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Choose the kinematics control law as 

 1 1 1 2cos sind
Fu k e eϕ ϕε ξ ξ= − + − , (17) 

 2 2 1 2sin cosd
Fv k e eϕ ϕε ξ ξ= − + + , (18) 

where 1 2, 0k k > ∈ R . 

Then (16) becomes 

 2 2
1 1 1 2 2 0V k kε ε= − − ≤ . (19) 

So the system is asymptotic stable. 

Step 2: For an underactuated USV as shown in (2), there is 
no input control force to control the sway velocity, so we 
should design a controller to make d

F Fv v→  and eϕ → Δ  
using the control signal rτ . 

Define the sway velocity error as 

 d
e F Fv v v= − , (20) 

whose time derivative combined with (2) and (18) is given 
by 
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Choose 1 2 1/k d m=  and 2 2 2/k d m= , then (21) becomes: 
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Define the control Lyapunov function (CLF) 
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then we get the time derivative of (23), giving 
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where 

 2 1sin cose eϕ ϕλ ξ ξ= − , 1 2sin cose eϕ ϕζ ξ ξ= + . 

Choose the virtual control 
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where σ  is an arbitrary bounded infinitesimal constant, so the 
system ( , )ev eϕ  is asymptotic stable. 

B. Dynamics Control 
The desired forward speed d

Fu  and desired 
angular velocity d

Fr  is known by the kinematics controller, 
then the dynamics controller should be designed to generate 
control signals for the USVs to make the vessels achieve the 
desired velocities so as to the formation will be established.  

Step 1: Define the velocity error in surge as 

 d
e F Fu u u= − , (27) 

and its time derivative is 

 2 1 1 1 1/ / 1/ d
e F F F uF Fu m m v r d m u m uτ= − + − . (28) 

Define the CLF as 
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then the time derivative combined with (29) and (2) is given 
by 
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Choose the control law as 
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Step 2: Define the angle velocity error as 
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Equation (37) then becomes 

 2
4 7 0eV k r= − ≤ . (38) 

C. Switching Control under Sensor Constraints 
Here we propose a switching controller design for the 

follower to ensure that the leader is always maintained in the 
sensing area of the follower’s sensor. As long as the leader is 
in the sensing area of the follower, the backstepping 
controllers guarantee that the USVs converges to the desired 
formation. Once the leader is outside of the sensing area or 
approaching to the boundary of the sensing area (as shown in 
Fig. 3 and Fig. 4), then the follower switches to a different 
control law to ensure that the leader is always maintained in 
the sensing area of the follower. 

In Fig. 4, we define 

 1 sgn FKα α ϕ= − , (39) 

 2 / 2 LFiα π λ= − , (40) 

where  
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If 1 2|| ||  || || Kαα α≥ + , where Kα  is the margin of the sensor 
constraint, the leader is moving in the sensing area of the 
follower, the formation will be maintained.  
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Fig. 4. Switching condition 

If 1 2|| ||  || || Kαα α< + , the leader is moving outside of the 
sensing area or approaching to the boundary of the sensing 
area, which will happen under some circumstances, such as 
the leader slows down suddenly or the desired formation is 
beyond the capability of the sensor, so the switching controller 
should work to control the yaw angle of the follower so that 
the follower will keep tracking the leader, and the formation 
will always be maintained. The switching controller is 
proposed by PID method. We define 

 sgn 1 2( || || )error K α αΔ = − . (42) 

Here we should notice that if 1 2|| ||  || || Kαα α< + , the 
leader is approaching to the boundary of the sensing area or 
moving outside of the sensing area, the bearing angle LFiλ  
may not be measured, so in (42), the value of LFiλ  should be 
chosen as the last effective bearing value which is stored in 
the history data. The switching control law is 

 rFi P error I error D errorK K Kτ = Δ + Δ + Δ∫ , (43) 

where PK , IK  and DK  are the coefficients of the switching 
control law. 

IV. SIMULATION RESULTS 
To demonstrate the effectiveness of the control scheme 

proposed for L-F formation control of USVs with vision 
sensor constraints, some computer simulations are performed. 
Three USVs with the same parameters are chosen and 
modeled. The vehicles’ parameters are 

3
1 120 10  m kg= × , 3

2 217.9 10  m kg= × , 

5
3 636 10  m kg= × , 2 1

1 215 10  d kg s−= × ⋅ , 

3 1
2 117 10  d kg s−= × ⋅ , 4 1

3 802 10  d kg s−= × ⋅ , 

which are taken from [30]. We simulated three cases of the 
formation control. 

For the first case, the sensor constraints are not considered, 
which means the switching controller is not used. The desired 
formation is chosen as 1 5 LFl m= ， 1 / 4LFλ π= , 2 5 LFl m= , 

and 2 3 / 4LFλ π= . The initial positions of the vehicles are 
chosen as:  

Leader:      [ ,  ] [0,  0]L LX Y = ,  

Follower1: 1 1[ ,  ] [ 5,  5]F FX Y = − ,  

Follower2: 2 2[ ,  ] [ 5,  5]F FX Y = − − .  

And the initial velocities are chosen:  

Leader:    1 /Lu m s= , 0 /Lv m s= , 0.1 /Lr rad s=  (during 
the simulation time 0 ~ 30 s ), 0 /Lr rad s=  (during the 
simulation time 30 ~ 100 s ), 0.05 /Lr rad s= −  (during the 
simulation time 100 ~ 200 s ); 

Follower1: 1 1 1[ ,  ,  ] [0,  0,  0]F F Fu v r = ; 

Follower2: 2 2 2[ ,  ,  ] [0,  0,  0]F F Fu v r = . 

The simulation results are shown in Fig. 5 and Fig. 6. The 
total simulation time is 200 seconds, the leader’s initial angle 
velocity in yaw is set to be 0.1 /rad s  before 30th second, and 
changes to 0 /rad s  at 30th second, then turns to 

0.05 /rad s−  at 100th second. The surge velocity of the 
leader is assumed to remain unchanged during the simulation. 
Fig. 5 shows the formation trajectories without switching 
control. As one can see, the USVs achieve the desired 
formation successfully for both straight-line and curved-line 
paths. And in Fig. 6, Fig. a indicates that the distance errors in 
x  and y  directions of the two followers can converge to 
zero, and in Fig. b, the followers keep constant yaw angle 
errors with the leader from 0th to 30th second and 100th 
second to 200th second because of none zero yaw velocities, 
the yaw angle errors converge to zero from 30th to 100th 
second. This means that the backstepping formation control 
strategy works well under no sensor constraints. 

However the strategy in case one can not work well in 
practical situation. For the second case, the practical formation 
control is used with sensor constraints. The desired formation 
is chosen as 1 5 LFl m= , 1 / 4LFλ π= , 2 5 LFl m= , and 

2 3 / 4LFλ π= . The sensor constraint angle is set as 2 160α = . 
So compared with the desired formation bearing angles, we 
can get that the leader is kept in the sensing areas of  the 

 

Fig. 5. Formation trajectories without sensor constraints 
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Fig. 6. Formation errors without sensor constraints 

 

Fig. 7. Formation trajectories with sensor constraints 

 

Fig. 8. Formation errors with sensor constraints 

followers’ sensors. The initial positions of the vehicles are 
chosen as:  

Leader:      [ ,  ] [0,  0]L LX Y = ,  

Follower1: 1 1[ ,  ] [ 10,  10]F FX Y = − ,  

Follower2: 2 2[ ,  ] [ 15,  15]F FX Y = − − .  

And the initial velocities are chosen:  

Leader:  1 /Lu m s= , 0 /Lv m s= , 0 /Lr rad s= , the 
velocities maintained to be unchanged during the simulation; 

Follower1: 1 1 1[ ,  ,  ] [0,  0,  0]F F Fu v r = ; 

Follower2: 2 2 2[ ,  ,  ] [0,  0,  0]F F Fu v r = . 

The simulation results are shown in Fig. 7 and Fig. 8. Fig. 
7 indicates that the formation is well established. And in Fig. 
8, Fig. a indicates that the distance errors in x  and y  
directions  

 

Fig. 9. Formation trajectories with sensor constraints (outside of the sensing 
area) 

 

Fig. 10. Formation errors with sensor constraints (outside of the sensing area) 

of the two followers converge to zero, and in Fig. b, the 
followers keep tracking the leader’s yaw angle.  

For the third case, the initial parameters of the vehicles 
and the desired formation are the same with the second case. 
However in this case, the sensor constraint angle is set as 
2 60α = . Compared with the desired formation bearing 
angles, we can see that the leader is outside of the sensing 
areas of the followers’ sensors. In this case, the formation is 
well established as shown in Fig. 9, however, compared with 
the formation trajectories in Fig. 7 in the second case, the 
formation trajectories are smaller. In Fig. 10, though Fig. b 
indicates that the followers keep tracking the leader’s yaw 
angle, however in Fig. a, the followers keep constant distance 
errors in x  and y  directions relative to the leader, which 
means there are constant errors in the formation control 
results, and the desired formation is not formed. However, the 
results in the third case demonstrate that the switching 
controller works well for keeping tracking the leader so as to 
the formation will always be obtained.  

From the simulation results, we can see that the proposed 
control strategy can be used in many practical cases. For 
example, in one case, if the desired formation is beyond the 
capability of the onboard sensor, the switching controller 
should work to control the yaw angle of the follower so that 
the follower will keep tracking the leader, so the formation 
will also be established under our practical formation 
controller. In another case, if the leader slows down suddenly, 
the leader may be outside of the sensing area, the practical 
formation controller will keep the sensing being efficient and 
the formation will not be destroyed either. 
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V. CONCLUSION 
In this paper, three USVs have been modeled with onboard 

vision sensors to perform in formation. A practical formation 
control strategy has been proposed for L-F formation control 
of the USVs which move under sensor constraints. The outer-
loop part of the practical controller is designed to stabilize the 
formation, the efficacy of which establishing a desired 
formation is demonstrated by numerical simulations. And 
simulation results demonstrate the effectiveness of the inner-
loop control scheme for achieving the desired formation and 
keeping the formation not being destroyed even if when the 
leader is outside of the sensing area. The proposed control 
strategy performs well in practical situations.  

It should be noted that, this control method only considers 
triangle formations. The sensor error problems such as noise, 
random error and sampling rate which are inherent in the 
sensor are not taken in account either. For real applications, 
these should be considered too, and a gimbaled camera would 
also solve the sensor constraints problem, which will be 
considered in further researches. 

 

REFERENCES 
[1] Z. Peng, D. Wang, Z. Chen, X. Hu, and W. Lan, “Adaptive dynamic 

surface control for formations of autonomous surface vehicles with 
uncertain dynamics,” Control Syst. Technol. IEEE Trans., vol. 21, no. 2, 
pp. 513–520, 2013. 

[2] D. Panagou and K. J. Kyriakopoulos, “Cooperative formation control of 
underactuated marine vehicles for target surveillance under sensing and 
communication constraints,” in Proceedings - IEEE International 
Conference on Robotics and Automation, 2013, pp. 1871–1876. 

[3] A. K. Das, R. Fierro, V. Kumar, J. P. Ostrowski, J. Spletzer, and C. J. 
Taylor, “A vision-based formation control framework,” IEEE Trans. 
Robot. Autom., vol. 18, no. 5, pp. 813–825, 2002. 

[4] L. Consolini, F. Morbidi, and D. Prattichizzo, “Leader-follower 
formation control of nonholonomic mobile robots with input 
constraints,” Automatica, vol. 44, no. 5, pp. 1343–1349, 2008. 

[5] R. Cui, S. S. Ge, B. V. E. How, and Y. S. Choo, “Leader-follower 
formation control of underactuated autonomous underwater vehicles,” 
Ocean Eng., vol. 37, no. 17, pp. 1491–1502, 2010. 

[6] G. L. Mariottini, F. Morbidi, D. Prattichizzo, N. Vander Valk, N. 
Michael, G. Pappas, and K. Daniilidis, “Vision-based localization for 
leader-follower formation control,” Robot. IEEE Trans., vol. 25, no. 6, 
pp. 1431–1438, 2009. 

[7] R. W. Beard, J. Lawton, F. Y. Hadaegh, and others, “A coordination 
architecture for spacecraft formation control,” IEEE Trans. Control Syst. 
Technol., vol. 9, no. 6, pp. 777–790, 2001. 

[8] H. Mehrjerdi, J. Ghommam, and M. Saad, “Nonlinear coordination 
control for a group of mobile robots using a virtual structure,” 
Mechatronics, vol. 21, no. 7, pp. 1147–1155, 2011. 

[9] T. Balch and R. C. Arkin, “Behavior-based formation control for 
multirobot teams,” Robot. Autom. IEEE Trans., vol. 14, no. 6, pp. 926–
939, 1998. 

[10] F. Arrichiello, S. Chiaverini, T. Fossen, and others, “Formation control 
of underactuated surface vessels using the null-space-based behavioral 
control,” in Intelligent Robots and Systems, 2006 IEEE/RSJ 
International Conference on, 2006, pp. 5942–5947. 

[11] J. A. Fax and R. M. Murray, “Information flow and cooperative control 
of vehicle formations,” Autom. Control. IEEE Trans., vol. 49, no. 9, pp. 
1465–1476, 2004. 

[12] X. Cai and M. De Queiroz, “Adaptive rigidity-based formation control 
for multirobotic vehicles with dynamics,” Control Syst. Technol. IEEE 
Trans., vol. 23, no. 1, pp. 389–396, 2015. 

[13] W. Dong and J. A. Farrell, “Formation control of multiple underactuated 
surface vessels,” IET Control Theory Appl., vol. 2, no. 12, pp. 1077–
1085, 2008. 

[14] V. Gazi and R. Ordóñez, “Target tracking using artificial potentials and 
sliding mode control,” Int. J. Control, vol. 80, no. 10, pp. 1626–1635, 
Oct. 2007. 

[15] R. Skjetne, S. Moi, T. Fossen, and others, “Nonlinear formation control 
of marine craft,” in Decision and Control, 2002, Proceedings of the 41st 
IEEE Conference on, 2002, vol. 2, pp. 1699–1704. 

[16] I.-A. F. Ihle, J. Jouffroy, and T. I. Fossen, “Formation control of marine 
surface craft: A Lagrangian approach,” IEEE J. Ocean. Eng., vol. 31, no. 
4, pp. 922–934, 2006. 

[17] F. Fahimi, “Sliding mode formation control for under-actuated 
autonomous surface vehicles,” in 2006 American Control Conference, 
2006, p. 6–pp. 

[18] M. Breivik, V. E. Hovstein, and T. I. Fossen, “Ship formation control: A 
guided leader-follower approach,” in IFAC Proceedings Volumes 
(IFAC-PapersOnline), 2008, vol. 17, no. 1, pp. 16008–16014. 

[19] M. Burger, A. Pavlov, E. Borhaug, and K. Y. Pettersen, “Straight line 
path following for formations of underactuated surface vessels under 
influence of constant ocean currents,” in American Control Conference, 
2009. ACC’09., 2009, pp. 3065–3070. 

[20] J. Liu and H. Yi, “Consensus problem of multiagents with switching 
networks in state space,” in Advanced Computer Control (ICACC), 2010 
2nd International Conference on, 2010, vol. 1, pp. 386–390. 

[21] K. Choi, S. J. Yoo, J. B. Park, and Y. H. Choi, “Adaptive formation 
control in absence of leader’s velocity information,” IET Control theory 
&amp; Appl., vol. 4, no. 4, pp. 521–528, 2010. 

[22] J. Ghommam and M. Saad, “Backstepping-based cooperative and 
adaptive tracking control design for a group of underactuated AUVs in 
horizontal plan,” Int. J. Control, vol. 87, no. 5, pp. 1076–1093, Feb. 
2014. 

[23] M. Miswanto, I. Pranoto, H. M. Mhammad, and D. Mahayana, “The 
control design of ship formation with the presence of a leader,” IAES Int. 
J. Robot. Autom., vol. 4, no. 1, 2015. 

[24] B. S. Park, “Adaptive formation control of underactuated autonomous 
underwater vehicles,” Ocean Eng., vol. 96, pp. 1–7, 2015. 

[25] S. Bhattacharya, R. Murrieta-Cid, and S. Hutchinson, “Optimal paths for 
Landmark-Based navigation by Differential-Drive vehicles with field-
of-view constraints,” IEEE Trans. Robot., vol. 23, no. 1, pp. 47–59, Feb. 
2007. 

[26] E. Borhaug, A. Pavlov, R. Ghabcheloo, K. Pettersen, A. Pascoal, and C. 
Silvestre, “Formation control of underactuated marine vehicles with 
communication constraints,” in Proceedings 7th IFAC Conference on 
Manoeuvring and Control of Marine Craft, 2006. 

[27] R. Ghabcheloo, A. P. Aguiar, A. Pascoal, C. Silvestre, I. Kaminer, and J. 
Hespanha, “Coordinated path-following in the presence of 
communication losses and time delays,” SIAM J. Control Optim., vol. 48, 
no. 1, pp. 234–265, 2009. 

[28] X. L. X. Li, J. X. J. Xiao, and J. T. J. Tan, “Modeling and controller 
design for multiple mobile robots formation control,” in 2004 IEEE 
International Conference on Robotics and Biomimetics, 2004, pp. 838–
843. 

[29] T. I. Fossen, Guidance and control of ocean vehicles, vol. 199, no. 4. 
Wiley New York, 1994. 

[30] K. D. Do, Z.-P. Jiang, and J. Pan, “Underactuated ship global tracking 
under relaxed conditions,” Autom. Control. IEEE Trans., vol. 47, no. 9, 
pp. 1529–1536, 2002.  

 
 
 
 
 

 


	Return to Main Menu
	Return to Previous View


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




