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Many applications for mobile robotics involve opt@as in remote, outdoor
environments. In these environments, it can bdcdiff to plan missions
dynamically due to the lack of portability of exig} mission planning
software. Mobile platforms allow access to the Wielm nearly anywhere
while other features, like touch interfaces, sifypliser interaction, and GPS

integration allows developers and users to takesidge to location-based

services. In this paper, we describe a prototypeVAldissionplanner
Keyword: developed on the Android platform, created to aid anhance the capability
of an existing AUV mission planner, VectorMap, deyed and maintained

Android by OceanServer Technology, by taking advantagehef dapabilities of
Athnomous underwater existing mobile computing technology.
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1. INTRODUCTION

Being able to rapidly deploy any sort of autonomagsnt significantly amplifies its capability and
usefulness. When it comes to autonomous vehiclesjt lground, surface, underwater or aerial, their
performance is enhanced by the amount of domaorrimdtion that is provided to it a priori. This aqor
information allows them to interact with their eronment effectively and provides the operator
opportunities to design the mission as carefullypassible. Most autonomous vehicles are equipped
withsensors and controllers (front-seat and/or fsekt) that allow them to deal with unexpectedasituns in
the environment. While domain information is renably helpful for improving the odds of a successful
mission, they also take a long time to pre-proeggsintegrate into the mission plan for the vehibiemany
cases the information is simply not available. tlneo cases the operator must be willing to takeaathge of
opportunistic conditions to deploy the vehicle dipiin the field. Most current mission planning tsedire
sufficiently provides the capability to design andcute detailed and complex missions. The downsitie
amount of time it takes and the a priori informatithat is required. While the ensuing discussiod an
description can be applied to any modality we amnfour attention to Autonomous Underwater Vehicles
(AUVSs).

One of the key issues we wanted to address wighsthftiware was the lack of portability associated
with many existing mission planning tools. Thisaisissue because it allows no likelihood of on-gitesion
planning. Instead, a mission must be planned inesoffisite location. Issues can arise where thesioms
plan needs to be modified after arriving at the siois location due to some unexpected environmental
conditions. For example, unexpected debris mightHallen into the body of water, or water depthldo
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have significantly dropped since the last satellitage was taken. In these cases, the path ofethiele will
have to be altered to avoid running aground orssimn-fatal collision.

Since our nominal mission involved having an AUAviel through a river, another limitation
revealed itself. Existing AUV mission planning sedtre is often designed exclusively for missionsléep
open water bodies such as the ocean or lakes, g omusual environments, like rivers and strears,
less common, and therefore, support for them igdithh The standard input devices, such as a keglarzal
mouse work for point-by-point waypoint placementit fplanning a mission through a winding river is
difficult without the ability to generate waypoirdasitomatically through some means, like freehamavihg.
Today’s mobile devices, especially tablet deviedgth their large screens and haptic touch scresnfaces,
allow the operator to draw directly on the map waHtice AUV will operate.

2. BACKGROUND
In this section, we will present a brief backgrowomdsome of the technologies used to implement
our prototype application.

2.1. Android Platform

The Android SDK for smartphones and tablet devisespen source, platform independent, and
supports integration with Google Maps through thedid Google Maps API. It provides abstracted and
simplified access to mobile device’'s hardware congmts, such as the accelerometers, GPS, and touch
screen.

The Android SDK provides an easy to use interfaweiriteracting with the GPS in a number of
ways, including retrieving instantaneous GPS fixgsvell as scheduling periodic updates. It als@igss an
simple interface for handling touch input from @wumteracting with the touch screen.

2.2. Google Maps

Google Maps is a free, non-commercial mapping Adtise provided by Google for displaying
geo-referenced satellite maps on web pages andeambdvices. This service is provided to mobile desi
running on the Android platform through the Andrdithps API. This APl comes packed with the Android
SDK, and provides several useful tools for creatmap-based applications for Android devices.

The Google Maps API for Android provides an extendio the Android SDK which allows for the
use of Google’s map-based services on mobile devitee main feature of the Android Google Maps API
that we will focus on is the map. The map interfacevided by the Google Maps API has the capabitity
display and interact with a dynamic Google-basetklige map. The map images are downloaded
automatically and dynamically from Google’s mapadhaise, which requires an active Internet connection
To look at a different location, the user simplyedes to interact with the map, by touching and diregtp a
location, or they can provide a GPS location thtowdpich the map service can display a map centaedt
that location.

Additionally, each map has a projection, which detees how the latitude and longitude
coordinates map to screen coordinates within the/virhis mapping is based on the zoom level as agll
the positioning of the map. The projection is updaautomatically any time the position or zoom l@fghe
map is changed. It can be used to draw objectstbrtanap by converting geo-referenced points inteen
points. Alternatively, the projection can be usedcbnvert screen points into geodetic points, which
particularly useful for detecting where screen toaeents coincide on the map.

2.3. OceanServer’s Vector Map and UVC

VectorMap is a proprietary mission planning apglma developed for Windows, by OceanServer
Technologies, specifically for creating missiorgildesigned for use with their UVC control systefC is
software designed by OceanServer Technologies wiick on the AUV computer and is used to translate
the mission file into actions the AUV can performhioh allows the AUV to execute the mission.
VectorMap, in conjunction with UVC, provides a wibabf features which are relevant to typical miasio
performed by their AUV vehicles, including: downttzble geo-referenced map imagery, waypoint
placement with various control settings, and sadetyings to prevent damage or loss of the vehidie.goal
of our application, GEMMP, is to allow the capdlyilof VectorMap to be used on a mobile device, to
enhance the mission planning experience, by makeasier and more convenient to use.

GEMMP - A Google Maps Enabled Mobile Mission Plagnt ool for Autonomous... (Steven D. Seeley Jr.)
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2.4. Other Technology Used

The Java Topology Suite (JTS) API © is a computatiggeometry API which we use to implement
our no fly zone feature. It has support for validiat cleaning, integration, and querying of spadita sets,
and allows us to create and manipulate geometiitbgvour application.

2.5. Other work

We looked at a project by lan Katz at the MIT Sears AUV lab using Google Earth in a web-
based mission planner using AJAX. There was vdtle Idocumentation on this project, but there was a
video, linkedhere[4], which provided some of the initial inspiratiand guidance for using Google Maps for
a Mission Planner.

3. APPLICATION FEATURES

Our mission planning application builds on the gngtechnologies outlined in the previous section
to provide similar functionality to that of Oceam@x’s VectorMap mission planning software. In atd,
our goal is to provide a portable and quickly asitt@#e mission planning experience by adding feature
which take advantage of existing mobile device béji@s. Two of these main capabilities of intdrasthis
application were the integration of GPS and touest support. For the purpose of mission planrtimg,
meant we were to integrate automatic map-retriduain GPS position and automatic generation of
waypoints from hand-drawn curves using the toudetrin addition to supporting many of the features
provided by VectorMap. A demo showing a majorityttod features can be foundthis link.

3.1. VectorMap Features
We defined several classes representing diffedaninmg elements in VectorMap.

3.1.1. VectorMap Waypoints

For compatibility with OceanServer’'s proprietary c@Map mission file format, GEMMP can
produce waypoints which are identical to waypoprtsduced by VectorMap. Each VectorMap waypoint has
a number of settings which tell the vehicle hovgéd to that waypoint and what to do when that waypis
reached, including:

e The latitude and longitude of the waypoint in degre

e The radius, in meters, of the circle surrounding/peant which the AUV must come within for the
AUV to consider that waypoint reached.

e The speed at which the AUV will travel while appcbang this waypoint in meters per second.

« The length of time, in seconds, that the AUV shqadk at that waypoint.

« The heading from the last waypoint to the curreaypoint in degrees, ranging from 180 to -180
with 0 being due north.

* The distance from the last waypoint to the curreaypoint in meters.

e The depth of the next waypoint, and whether thistidashould be measured as height from bottom
or depth from surface.

e Various sidescan sonar, and mulibeam sonar comfiigurs which are currently supported by

VectorMap, including device name, range, frequegeyn, and channel settings.

e A geodetic point referring to the point displaystha Google map.

3.1.2. Lawnmower Patterns

A lawnmower pattern is a standard sweeping scanpattern which is created for the purpose of
having the AUV survey of some rectangular area. naawer patterns in VectorMap and GEMMP are
defined by the following settings:

e The latitude and longitude of the corners of theey area.

e The distance between each leg of the scan, whigtbeadetermined by setting a static distance, in
meters, or automatically based on the range ofdhar.

« The depth of each leg of the sweep, and the sadatgpth for entering the next leg.

* The distance to surface and descend each sweeghandistance needed to adjust the position
entering the next leg.

e The sensors to activate during each leg, suchessidiescan sonar or multibeam.

« The rotation of the rectangular area to be covénedhe Lawnmower pattern. An example of a
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lawnmower pattern is shown in Figure 1.

& Ml € 3:13 Pm

AUV PLANNER

WayPoint

Figure 1. A Lawnmower pattern in GEMMP

3.2. GEMMP Additional Features

In addition to the features mentioned above, westslded two other features to aid in the planning
process. How these features work in the contexhefapplication will be described later, but theyl e
introduced below.

3.2.1. Waypoint Templates

A waypoint template is a set of waypoints which t@nsaved to a file and are defined relative to
reference point. In other words, the waypoints taraplate are not defined by absolute latitudelanditude
coordinates, but rather by their relative positiomelation to a reference point which is set ugfms creation
of the template. This is particularly useful foesjal types of mission patterns, such as a staematwhich
has a specific and complex path the AUV must tdkd, whose position is not specific to one absolute
location, and should be able to be performed easiény location. An example of using a waypoimhpate
to create a repetitive pattern is shown in Figure 2

3.2.2. No-Fly Zones

Due to tidal changes, the depth at certain areath@mmap can change dramatically. The depth
changes may cause some areas to be dangerous demeage or loss of the AUV could result if they are
entered. No-Fly Zones represent these areas wherAWV should not go, and which should be avoided.
No-fly zones consist of a set of geodetic pointshmmap which define the vertices of the polygdraard
area.

GEMMP - A Google Maps Enabled Mobile Mission Plagnt ool for Autonomous... (Steven D. Seeley Jr.)
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Figure 2. Using a waypoint template to insert itdel triangular waypoint patterns.

4. MISSION PLANNING OPERATION
In this section, we will address some of the degsignisions and the various capabilities of the
application, how they are performed, and the varimigorithms used to accomplish these actions.

No Fly Zones Landmarks

Save/Load Template Options

Figure 3. The options menu.
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Since the screen real-estate and processing pdwabloile devices are often limited, instead of
having a single GUI menu to serve all of our needshad to divide the application into several afiag
modes. These interfaces are selected from theroptenu shown in Figure 3 which is accessed usiag th
hardware specific option button. A menu with th#fedent interfaces available is displayed, whicbline:
the main map interface, waypoint entry and missimerface, the template load/save interface, nafipe
interface, and defaults and safety settings interfécross all of these interfaces, a single magséed, but
how the user interacts with this map changes depgrah the selected feature. The selected feasdlects
the user’s desired actions. For each interfacéferent heads-up display (HUD) menu is shown towalthe
user to select from the actions taken in this fats.

To provide these different options for the map, imteoduced an extension of the map interface
provided in Google Maps which provides differentdes through which all interactions involving thepma
are facilitated. Each mode provides a differentodetctions which can be done to update the mapaatify
the mission. A description of each of these modegven in this section.

4.1. Main Map Settings

This is the interface, shown in Figure 4, which #&pplication displays initially, and provides the
user with several options for overriding how thepnimage is retrieved, as well as options for sawdngd
loading mission files. In this mode, the user chaose to enter a GPS location manually via two fields
for the latitude and longitude, which will updateetarea viewed on the map to be centered about that
location. Alternatively, the user can select thisation from the map by tapping an area in the oraphe
touchscreen.

QAL G G« VT . 1®0 6asm
AUV PLANNER

Save Mission Load Mission
o -7 4 et
y N Fy ot —

Figure 4. Main Map Settings interface.
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The location is also marked with a blue markertmmap. This location is treated as a return paintase
the user pans away and loses this location, theycliek a button to -center the map on that location.
default, this location is retrieved automatically thghua GPS device, which upon receiving the loce
update, the map is automatically marked and cemhtatr¢hat location. At any time, the user can svikpsr
finger to pan around the map, and as loncthere is an active WK or 3G connection, the screen v
automatically download and refresh the r

From this same interface, the user can load a omidde on the mobile device’s SD card, and 1
mission file willbe parsed for the waypoints which will automatigélé placed in the correct location on
Google map with the appropriate settings. At whtiche, the map will also be -centered to show the
waypoints on the map. The user can also save tbgianfile from this menu. When the user clicks the s
button, the waypoints will be parsed for all thegttings and will be encoded in the.mis file fornfdte .mis
format is defined and supported by VectorMap ardUh'C control architecture. The AUV wuse this .mis
file to define its path and take intelligent ac8aduring operatior

4.2. Waypoints and Mission

This mode is entered by selectiWaypoint & Missiorfrom the options menu, and handles any
all functions related to the mission specition, including waypoint placement and changingiisgé for
those waypoints.

Geoveferenced waypoints can be added to the Googleimaipe of several ways. A user must f
click a button on the HUD to enter waypoint placemmode for the map. Whilen waypoint placement
mode, the map is frozen in place, and the useintaract with the touch screen to add waypoi

4.2.1. Individual Waypoints

A single tap on the map will place a waypoint attlocation on the map with default settings.
waypoint is added to the map by retrieving the screesitipn of the touch event and using the r
projection to convert itinto a geodetic point whistadded to the map as a wayp.

4.2.2. Smooth Curve Waypoint Generatio

An important feature and unique feature that wduthed in order take full advantage of
convenience of the touchscreen, is the ability tawda curve, and from that, have waypoints genei
automatically. By touching and dragging the usériger cr stylus across the map, a curve is drawn or
map. When the user lifts their finger or stylusg thaypoint generation process begins. The listaifitp
sampled while drawing the curve is processed tegga a smaller set of discrete waypoints g the
curve.

Figure 5. Line fitting of a curved path

To break this nofinear curve into a set of waypoints with lineathza a piec-wise linear sampling
is done on the curve by testing how each pointtéita line, and shortening that line until thevitlue is
below some threshold. The algorithm wois follows: a line is generated using a linear regien on ¢
sampling of points in the curve. The following etiolas obtained from [2] are used to calculate thire:
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_n@xy) - E0Xy)

Sope = T - 02
intercept = w

In these equations, x and y are the x and y saeerdinates of each point in the sampled portion of
the curve, and n is the total number of sampledtpoiAfter the line is generated, it is then coraplato the
curve points using the sum of least squares emrtiva y direction. If the fit value falls belowlar¢shold, the
curve is divided in half, and the fit value is riecdated for the smaller curve. This is repeateith the line
getting shorter and shorter, until the curve fiie tine within some reasonable threshold. A stejstbp
diagram of this is shown in Figure 5. This prodes®peated for the rest of the curve until theveus fit to
a set of lines. The endpoints of these lines aem ttonverted into geodetic points and are addettheo
mission as waypoints. An example of how this isedonthe application is shown in Figure 6.

SE0306 ¢l 100 aEra® ¢ 5@ 1004w

AUV PLANNER AUV PLANNER

) Lawnmower | AR Lawnmower

Clear all WPs Cear all wes
o | - cETREE T H -
£ : ||. "; 1 = .-

Figure 6. A drawn curve (left) and the resultingypaints after applying the line fitting algorithrright) in
GEMMP.

It can be problematic for the mission if waypoiate too far apart from each other, especiallyéf th
vehicle is traveling a substantial distance undérwyavhere GPS fixes are not available. To pretaist a
minimum and maximum waypoint distance can be ddfimethe application, to ensure that, in the curve-
fitting process, waypoints are not generated taseclor too far away from each other. This distaisce
defined in meters and is set in the default optimesiu, which is described later. While the curvbedmg fit
with straight lines, the algorithm uses the minimanad maximum distances to make sure it does naheut
line to short or too long. When the fit line is tlmmg, it will simply be cut once again, even ikitfficiently
matches the curve. If waypoints are generated ¢h suway that a turn would be done underwatert afse
three waypoints will be generated consisting dfifia&e point, a turn alignment point, and a divenpso the
vehicle does not perform a turn underwater. Thépsoblem because while the vehicle is underwdteses
pure dead-reckoning for navigation, so it has dé¢eany to accumulate position error especially wivening
[probably want to cite this].

4.2.3. Lawnmower Patterns
The third way to add waypoints is to create a laawer pattern, which is effectively a sweeping
raster scan type pattern used for surveying sontarrgular area of the location. This is done bgkatig the

GEMMP - A Google Maps Enabled Mobile Mission Plagni ool for Autonomous... (Steven D. Seeley Jr.)
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button to create a new Lawnmower pattern, and thiagging a rectangular box on the map. After réheg
the touchscreen a alog box pops up with various fields for the useratljust the spacing, depth, d
distance, and adjustment distance. When the uiels ¢he accept button in this dialog box, the aggpion
generates the waypoints with the modified pararsetera sweping raster scan pattern to cover
rectangular area. The user can change these paranatany time by clicking the button to selec
lawnmower and then clicking the button to edit Banmower. Additionally, the user can move and te
the Lawnmaver pattern by interacting with the touch screemil@&/the lawnmower is selected, the user
touch the center of the lawnmower and drag thaidi to reposition the lawnmower in a differentdtian
on the map. Also, the user can click outside thenmower and drag around the center to rotate
lawnmower about its center poil

4.2.4. Modifying Existing Waypoints

After waypoints have been generated, the useroftén want to change some of the settings
those waypoints. In the Waypoint and Mission mehe,user can click the button to select waypointsgch
switches the application into waypoint selectionde. Now, if the user touches the screen area o
waypoint, that waypoint will turn green indicatiftghas been selected. The user may also touch ragda
rectangle to select multiple waypoints, which wélimain on screen until the user drags an box or leaves
waypoint selection mode. With some waypoints seticthe user can click the button to edit waypo
which brings up a dialog window with fields and p-down boxes for changing all of the settings wt
were mentioned previously. In ation, when a waypoint has been selected, the @seagain touch the an
over that waypoint and drag their finger which vdtiag the waypoint from its current position. Whae
user lifts their finger, the position of the waypbiwill be updated to e new position. When there ¢

multiple waypoints selected, the user may touchndugye within the selection box and drag to repositll
the selected waypoints.

4.2.5. No-Fly Zones
One of the biggest limitations of most AUV missiptanning applicatins is their inability to

rapidly change their paths. A problem frequentlgefh by those who deploy AUVs is the change in w
depth due to tidal changes.
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Figure 7 Algorithm to find a path around a no fly zoneftjland an example path generated around a r
zone (right)
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Often this will require the operator to either waiitil high tide or change the mission in order to
prevent the vehicle from running aground. GEMMPvates the ability to create no-fly zones on thetfigt
will modify the path of the AUV to avoid areas thatuld be potentially hazardousto the AUV. Everiaé
mission has been created and waypoints generateMMP allows the operator to create no-fly zones,
which are closed polygonal regions where the AUY mot be allowed to travel over. After such a myor
regions are defined, GEMMP automatically adjusts waypoints around these regions. Details of tta@p s
are given below. The algorithm we use consists wigpor steps derived from algorithms discusse@jrapd
is shown in Figure 7.

1. Given the rectangular area visible on the scredrtla polygonal areas given by the no-fly zonesater
a rectangular polygon with holes, where the polydahell is the rectangular area surrounding tlea ar
of the map visible on the screen, andthe holetharpolygonal areas defined by the no-fly zones.

2. From this polygon, create a mesh connecting athefvertices of the polygon which do not pass tghou
no-fly zone. The edges in this mesh represenhalpbssible paths the AUV can take to get frorstest
to destination point without passingthrough theflgzone.

3. Given this mesh, construct a graph of nodes wittneotions between nodes representing edges in the
mesh. Using Dijkstra’s algorithm [4], calculate tehortest path through this graph, and then create
waypoints from the vertices of this path and addtho the mission plan.

Additionally, the no fly zones also shorten theslef a lawnmower pattern such that it remains
outside of a no fly zone. This is done by detectirgleg intersects with the boundary of the nozibne, and
finding the intersect point and adjusting the laghsthat it ends at that intersection point. Anragke of an
adjusted lawnmower pattern is shown in Figure 8.
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Figure 8. Lawnmower pattern adjusted to remainidetsf a no fly zone.

4.3. Waypoint Templates

It is very common to have the same pattern usaéweral different missions. GEMMP provides the
ability to create pattern templates on the fly. Tdmplate interface provides the user with theitgtid take
the waypoints which are currently added to the imigsand create a template from them, or to load an
existing template into the current mission. In eithase, the user selects a reference point yirgiche Set
Reference Point button and then tapping the scrgkich is then marked with a small circle indicagtithat
location is the reference point. If the user cliths Save Template button, the template will beedasuch

GEMMP - A Google Maps Enabled Mobile Mission Plaxgni ool for Autonomous... (Steven D. Seeley Jr.)
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that the relative distance of the waypoints to tleference point is saved. When the user selectsl
Template, theyare prompted to select a saved waypoint templée dhd upon doing so, the waypoi
specified in the template file will be added to thap with the same relative distance from the esfee
point provided, even if this reference point idatiént flom the point chosen when sav

4.4. Defaults and Safety Setting

The Defaults and Safety Settings interface is aarsge activity window which handl
modifications to the default values of the waypsirguch as speed to the waypoint, as well ascation
specific values, such as maximum and minimum waypgeneration distance for curves. From this iaies
the user can also modify OceanServer's proprietéegtorMap safety settings which handle conditi
where the safety of the AUV could be coiomised, which if triggered, can allow the AUV tat@matically
abort the mission.

5. DEPLOYMENT

In this section we'll briefly describe the overplocess of planning the mission and deploying i
an AUV. The process begins by opening the missianmerapplication and setting or retrieving the miss
location to display the map. When the mission d@geasible on the map, the user may then enter wiayp
individually, by drawing curves, or creating a bfox a lawnmower pattern. The user can alsote no fly
zones which can be used to avoid certain areaseomap. The user can modify the waypoints at ang by
selecting them and pushing the button to edit thailameters or position. When the waypoints hawn
placed, the user can then set shéety settings for the given mission, and savanrtission file. After the use
saves the mission file, they may send the file leggly to the AUV’s computer over a -Fi local area
network connection, and the AUV can be commandexiad the missiousing remote desktop protoc

/ Mobile Device \

Mobile
Mission : VectorMap ) )
Planner Waypoints Mission file

and Settings

File is sent
wirelessly to the

AUV then executes the

& / AUV mission specified by the
Mission File.

Figure 9. Mission Planning and Deployment process

6. EXPERIMENTAL SETUP AND RESULTS

To test the basic capabilities of this applicatiae, installed the application on a Nexus One pt
running Android 2.2.1 as well as an Arc 10.1 Tablet computer running Android 2.1, and pkha simple
mission in South Wuttappa Pond in Fall River, MAftek the mission was created, it was verifiec
VectorMap for the proper safety settings as wethascorrect depth and speed values.as then transferred
to the AUV by a remote file transfer over a -Fi network, and loaded remotely into UVC as
OceanServer's usual procedure. After confirming tH8C accepted our mission file, the AUV was tt
deployed.

Figure 10 shows the mission we created in GEMMRe 3pecified mission path is shown by
solid line and the overlaid experimental log figsults is shown by the dotted line. The missiorsisted of
a typical lawnmower pattern with 3 legs, and fdiety reasons only going to a maximum depth of 1 nr
from the surface. The lawnmower has two turns. firkeis a standard turn where the AUV surfacemtike
the turn. The second turn is done entirely underwvat/e tested these two kinds of turns toch our
expectations for the AUV behavior with the log filesults, which helps verify that the AUV is doingpat
we expect it to as specified in GEMM
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Figure 10. Log File Results of Experimental Testing

The first turn is marked by the waypoints labeletir®ugh 8, and as we expected, there is a jump in
the logged position between 3 and 4, because the¢ suifaces and retrieves a new GPS fix, corredtig
position estimate. The second turn is given bytlypeints 9 through 14, and since the AUV does not
surface as it would normally between waypoints @ &0, there is no jump in the logged position. Hesve
when the AUV returns to the surface between waypdib and 16, there is a significantly large jumghie
position, due to the accumulated drift from the Allwning underwater and remaining underwater for a
substantial time without surfacing for a GPS fisheBe test results verify that our application dioeeed
allow us to design missions which are compatiblthv@ceanServer's UVC control system, and we were
successfully able to execute a mission using aiomside generated by GEMMP.

7. FUTURE WORK

What we have developed is an application with supfoy few features taking advantage of this
mobile technology. Such an application has many uselifferent modalities where AUV missions need t
be created on the fly. There are numerous appicatf mobile technology in this area, many of whéce
not addressed in the development of this applinatithe next step might be having the mobile device
communicate directly to the vehicle using long mmgreless communications. Using a mobile device, w
should be able to visualize points of interest cteé by the AUV's sensors on the mobile device, laaskd
on this, be able to change the mission plan orflyheso the AUV could then dynamically receive thew
mission begin executing it while abandoning theraldsion.
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