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Abstract—A sea demining method using autonomous marine 
surface vehicles (AMSV) is introduced. The method involves the 
development of copies of these vehicles, and the procedures for 
area scanning and coverage. The demining is made by field 
influence, towing a submerged “fish”. This study is made with 
both simulations and scale experiments. 

Keywords-sea demining, autonomous surface marine vehicles, 
unmanned surface vehicles (USV), robot area coverage. 

I.  INTRODUCTION  
There exist sea regions with dangerous mines that should 

be eradicated for humanitarian reasons. For instance, the Baltic 
Sea is full of World War II mines: some references say there 
are around 100,000 mines there [1]. Clearly, it is convenient to 
use robots for demining, so that humans need to take no risks.  

 
Figure 1. Traditional sea demining. 

 
There exist several methods for sea demining. If it is a 

matter of floating mines, there are some mechanical methods to 
deactivate or detonate the mines. If mines are buried in the mud 
or ocean floor, or in undetectable submerged locations, it is still 
possible to use significant electric and magnetic fields to 
detonate these mines. This last method is called influence 
demining [2]. Submersible robots are used to deactivate and 
detonate submerged mines. This requires that the target mine is 
previously located. It is convenient to make a systematic scan 
using an autonomous surface vehicle and influence demining 
techniques. This is a problem of robot area coverage [3, 4, 5]. 

The target of our research is to develop an autonomous 
marine surface vehicle (AMSV) for influence demining, and 
the procedures to use it in an automated manner. 

The basic idea is that the AMSV tows a submerged “fish”. 
Both the towing cable and the fish are used to radiate electric 
and magnetic fields. It is desired that mine detonations do not 
destroy the AMSV: the length of the towing cable is relatively 
large, of the order of 200m for a 4m. AMSV. 

 
Figure 2. Sea mine detonation. 

 

The scanning of an area with the towing system constitutes 
a peculiar problem, which requires experiments, models and 
simulations. In order to acquire experience, our research has 
started with the development of scaled AMSV, so experiments 
can be done in ponds near our robotics laboratory. There is an 
extensive survey of AMSV in [6]. 

The first section of the paper is devoted to towing, focusing 
on modeling and simulation. The second section deals with the 
AMSV development. The next section describes experimental 
activities to verify models and simulations. Then, a section on 
trajectories for area scanning based on simulation follows. The 
final section draws some conclusions and describes the project 
status. 



II. STUDY OF “FISH” TOWING 
Suppose you tow a small plastic buoy on the sea and you 

try to follow a scanning procedure using corridors and turnings 
[7], figure 3. 

 
Figure 3. Corridors and turnings 

While navigating along a straight corridor, the main 
problem is the perturbation due to wind and current. However, 
this is not such a big problem. It is more important what 
happens during turnings [8, 9]. If the cable looses tension, it is 
possible to collide with the fish, or being too close to it when a 
mine explodes. Relevant references about towing cable 
behavior are [10, 11]. 

It is important to develop a model in order to study control 
and trajectory issues pertaining turning. 

At this stage of the research a somewhat simplistic model 
has been developed. The model should be refined after several 
experiments.  In future, more detailed models could be based 
on [12, 13, 14]. 

The model consists of a 3 DOF (Degrees Of Freedom) 
equations of motion. Figure 4 shows a sketch of the model. 

 
Figure 4. Sketch of the model 

 
The box on the right represents the boat while the one on 

the left represents the trailer (the “fish”) that is being towed. F 
is the thrust force given by the boat’s engine, η is the helm 
angle and θ is the boat’s heading (the angle between the bow 
and the North). 

The boat is governed by the following equations: 

 

€ 

˙ u = (F ⋅ cosη ⋅ cosθ −µt ⋅ u) ⋅ 1
m

˙ v = (F ⋅ cosη ⋅ sinθ −µt ⋅ v) ⋅ 1
m

˙ ω = F ⋅ dcm ⋅ sinη −µr ⋅ω( ) ⋅ 1
I

 

The following table lists the initial coefficients being used: 

€ 

µt  

€ 

3Kg ⋅ s−1  

€ 

µr  

€ 

2Kg ⋅m2 ⋅ s−1  

€ 

m  

€ 

3Kg 

€ 

dcm  

€ 

0.5m  

Table 1. Initial simulation coefficients. 
The trailer movement is a bit different. There are two 

different possibilities depending on the distance between the 
trailer at time t-1 and the boat at time t. 

If the distance between the trailer at time t-1 and the boat at 
time t is less than the length of the string, the trailer doesn’t 
suffer any acceleration. It moves due to its inertia and is 
decelerated according to its linear drag coefficient. 

Otherwise, the trailer moves along direction L (see figure 
5). The displacement along L is such that the distance between 
the trailer and the boat is the length of the string. 

 
Figure 5. Trailer movement 

 
The tension T on the string at time t can be calculated as 

follows: 

  

€ 

 v t =
 p t −
 p t−1

dt
 a t =
 v t −
 v t−1

dt
Tt = m ⋅

 a 

 

Using the model, a first simulation tool has been developed 
for AMSV control studies. Our idea is to use, at the beginning, 
conventional PID control for heading and speed. In a further 
step we plan to use fuzzy control [15]. The model includes the 



dynamics of the AMSV, so responses to control can be 
observed in terms of AMSV transients along trajectories. 

A simple trajectory for sea demining using corridors and 
turnings can be simulated as seen in figure 6. More on how 
these trajectories are simulated on a later section. 

 
Figure 6. Simple corridors and turnings simulation. 

 
Figure 7. Tension on the string. 

III. DEVELOPMENT OF THE AUTONOMOUS VEHICLE 
The AMSV is equipped with actuators for heading and 

speed control. The most conventional solution is by using a 
propeller and a rudder. In our laboratory we have several scaled 
ships. Some of them have water jets that can be oriented. And 
some others have a motor with a propeller and a rudder. In both 
cases we use have a signal for heading and another one for 
speed control. 

In order to control and monitor the ship, the following 
sensors and components are used: 

• Compass to measure heading. 

• Pressure sensor for local speed estimation. 

• GPS receiver for global positioning. 

• Radio link for external control and monitor data. 
We are using XBee radio modules from Digi as 
this will make adding more vehicles to our 
experiments very easy. 

• All data read from the sensors is saved in an SD 
card using the FAT32 file system. 

• A DC motor and a standard servo. These are 
controlled using PWM signals. 

This is summarized in figure 8. 

 
Figure 8. Hardware subsystems and interfaces. 

 
Our purpose here is to develop a sort of “universal control 

box”. Using standard input and output interfaces with actuators 
and sensors, it is possible to use the same control board for 
both scaled and real ships. 

For the first experiments, the AMSV is a scaled 1m. long 
plastic zodiac. The size of the zodiac fits well with the 
dimensions of the ponds near the university, in order to study 
scanning trajectories and area coverage. 

As shown in figure 9, two different boxes are used to 
separate analog and digital parts of the system. This isolates 
both systems to avoid interferences. 
 

 
Figure 9. Zodiac with electronics and actuators boxes. 

 
Two LiPo batteries are used to power the system. One is 

used to power the electronics box and the other for the 
actuators (servo and engine). A standard RC servo is used to 
move the helm and a DC motor to power the propeller. 



The software runs a tight loop running the following tasks 
at certain frequencies (these frequencies were chosen so that 
they are faster than the dynamics of the vehicle): 

• Read data from radio as soon as it is available and 
act upon it. This usually means moving a certain 
actuator. 

• Read data from the GPS sensor as soon as it is 
available. This happens, on average, once per 
second. 

• Read data from the pressure sensors and compass. 
This is done 10 times per second. 

• Write current state to the SD card. This is done 10 
times per second. Every two seconds a 
synchronization signature is written to the log file 
to aid in recovering tasks in case of data 
corruption. 

• Send state information through the radio link 5 
times per second. 

The development of the AMSV followed an engineering 
process. Several generations of hardware prototypes have been 
produced and tested, with a successive increase of performance 
and complexity. Software has been developed in modular way, 
starting from the bottom –interfaces, drivers – up to vehicle 
control and trajectory following. Complementary tools for 
testing support have been developed. 

IV. INITIAL EXPERIMENTS WITH THE AMSV 
Experiments on the water start by positioning the AMSV in 

certain coordinates and heading. The AMSV actuation uses 
conventional radio-control PWM signals. A specific driver has 
been developed to generate these PWM signals from the on-
board microcontroller. This allows us to transmit orders 
directly to the vehicle using our radio link for manual 
positioning. 

Once an experiment is launched, the radio link is used to 
send monitor data to the ground station software. A record of 
the on-board signals and control decisions is obtained for 
experiment analysis. During experiments, a video is taken to 
support this analysis. 

The first experiments aim to calibrate sensors and estimate 
different radii for turnings. The following procedure is used to 
calibrate the longitudinal pressure sensor: 

• Fix a certain value for the engine signal. Let the 
boat accelerate until the value measured in the 
longitudinal sensor stabilizes. 

• Once it is stable, send 0 for the engine signal. Wait 
until the boat stops. 

These simple tests let us both calibrate the sensor and 
estimate the linear drag coefficient of the boat. Comparing the 
data logged from the sensor and that from the GPS receiver 
does this. Figure 10 shows the speed at which the boat 
stabilizes for different motor signals. In future, this data will be 
used to improve the physical model. 

 
Figure 10. Longitudinal pitot calibration data. 

 
To estimate radius for a certain turning the following 

procedure should be repeated for different speed and helm 
values. 

• Fix a certain value for the engine signal, set the 
helm signal to its middle value. 

• Once the speed stabilizes, set the helm signal to 
the desired value. 

• Let the radius of the turning stabilize before 
repeating the experiment. 

The radius can be measured using the GPS data recorded 
during the turning. Figure 11 shows this data. 

 
Figure 11. Diameter of circles described by the AMSV 

 
Once all the sensors have been tested and enough data has 

been gathered, a first autonomous test is done. Some waypoints 
are laid out and the AMSV visits them several times. 



 
Figure 12. Waypoints and path followed by the AMSV. 

 
Figure 12 shows the results of this experiment. As can be 

seen, the AMSV follows almost the same path each time it 
goes around the loop. 

The next experiments should be aimed at making the 
AMSV follow a corridors and turnings trajectory. 

V. TRAJECTORIES FOR SEA DEMINING 
If no a priori information on mines locations is available, a 

systematic scanning is in order. 

Given a particular sea-demining scenario, the area coverage 
in terms of corridors and turnings must be specified by a 
human manager. We plan to develop tools for helping at this 
demining operation stage. Part of these tools is a simulation 
with geographical support. 

 

 
Figure 13. Geographical simulation support. 

 
Figure 13 shows a simulation using real coordinates. This 

provides the ability to plan and test missions on real places. A 
Keyhole Markup Language (KML) file is generated by the 
simulation tool. This file can be loaded in Geographic 
Information Systems such as Google Earth for inspection. 

The AMSV is informed about the trajectories to accomplish 
by a script, in the spirit of [16]. This script is simple. Every part 
of the script consists of a series of open-loop orders and a 
checkpoint. These orders are meant to interact with both 

actuators on the ship. The software will advance through the 
different parts as it reaches the different checkpoints. 
Currently, the orders are: 

• set-ship-delta – sets the ship heading. This is only 
useful in an initial configuration part. 

• set-ship-force – sets the amount of force as a 
fraction of the maximum force. 

• set-ship-helm – sets the helm to the desired 
position. 

For now, the only checkpoint supported is a time value. The 
orders will be valid during the time specified in seconds. 

The following lists an example script that makes the ship 
set its engine to half its power and, after 10 seconds, make a 
turn: 

set-ship-delta 10 

checkpoint time 10 

 

set-ship-force 0.5 

set-ship-helm 0 

checkpoint time 10 

 

set-ship-helm 30 

checkpoint time 10 

The results, in simulation, can be seen in figures 14 and 15. 

 
Figure 14. Position of the ship and trailer. 



 
Figure 15. Tension on the string. 

 

In future, different checkpoints (regarding different sensor 
data) and orders will be added. 

If, in an experiment, there’s something wrong whilst 
running in script mode, the boat can be switched to manual 
mode easily. This makes experiments safer in case of bugs or 
unexpected problems. 

The trajectory following capabilities of the AMSV have 
been tested with experiments using the scaled zodiacs. 

For the future, our idea is to develop an intelligent 
generator of area coverage trajectories, to take into account a 
priori information on probable mine locations. 

VI. CONCLUSIONS 
A robotized method for humanitarian sea demining has 

been introduced. The method is based on influence demining, 
using a towed “fish”. It is proposed to use autonomous marine 
surface vehicles (AMSV) to avoid people risks. 

A scaled version of the method, allowing for initial 
experimental testing, has been described. For this experimental 
purpose, scaled AMSV have been developed and tested. The 
autonomous control is done with a “universal control box” that 
could be used when going to real scale work. 

The application of the method involves trajectory 
generation, and trajectory following, for area coverage in order 
to ensure demining. A simulation tool has been introduced, 
which supports the specification of trajectories in terms the 
AMSV understands. A scripting method has been developed 
for this. 

A series of experiments have been done in ponds near the 
university, to verify dynamic models of the AMSV towing the 
fish, and to test the area coverage methodology. 

The study requires more time for experiments and 
improvements. In the near future, larger AMSVs will be 
equipped and tested. 
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