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SARDINE : a low-cost AUV for
detection, localization, tracking and
mapping of underwater targets

F. Le Bars*, A. Manzanilla Magallanes, M. A. Garcia Rangel
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= Facts

* There are few demonstrations of cheap autonomous robots able
to do survey, cartography, localization tasks, especially in
marine and submarine environments

* Current methods : mainly probabilistics
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= SARDINE, a low-cost AUV

* Originally designed in 2010 as an autonomous companion
submarine of our other AUV, SAUC’ISSE

* Equipped to compete in the SAUC-E competition

* Goal : develop and test new methods from the challenges
proposed by SAUC-E or other applications
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SAUC-E : detection, localization,
tracking, mapping tasks
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= SAUC-E (Student Autonomous Underwater Challenge -
Europe)
* Autonomous submarine competition
* Around 10 competitors every year

* Objets detection, localization, cartography + collaboration with
another robot

* See also euRathlon, RoboSub
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Robot design
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Thrusters controllers
(Robbe Navy

Thrusters
(Seabotix SBT150)

my e——

Control 540R) PC interface :
PWM (Labjack UE9)

Power
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Power PWM

@ \\ —
Power

18 VDC input

Sonar / Modem /
Echosounder
. ! (Tritech) / GPS

USB Embedded computer
24 VDC input (Intel NUC)
Pressure sensor USB @

(Keller PAA-33X) ey

y USB d
% PONRIS 12-24 VDC input

use t

UsB
AHRS Analog audio-
. (Xsens MTi) video to USB
el USB powered converters
< = (Grabbino)

USB powered

Analog
A’
IP68 analog cameras
(Allwan AL-2121)
' ' 12 VDC input

SARDINE : a low-cost AUV

PWM

USB powered

UsB
Wi-Fi router
(D-Link DIR-600)
Ethernet
ﬁ

USB powered

\Analag
PP Hydrophones

(Aquarian Audio
H2a-XLR)

E—
E—

Micro Phantom

11/10/2016- 13



ENSTA

Bretagne

Detection, localization, mapping,
tracking, control
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= Depending on context
GPS when on surface

State equations (using compass
and thrusters inputs)

Position of the ASV and distance
using acoustic modems

Static sonar localization (when
Inside the basin)

Relative distance to wall using
sonar for wall following

T = vcost

y — vsinf 5B e-sdnar locAilzation and mapping
9 = Uos— U

U = Ujt+us—v

Simplified state equations of the AUV
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= Representations of uncertainties C

* Probabilistic methods

Uncertainties

. A ® ®

« Gaussian ‘-

. o o e o
 Particles o °e0..°
=> Try to get most probable solutions ° .

* Set-membership methods t N

« Zonotopes D &
« Ellipsoids |
* Intervals g

=> Try to enclose all possible solutions

v
v
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Interval arithmetic to combine different §§Q’
localization methods et

[—0,2], [-1,4], [-o0,0] are examples of intervals
Operations ¢ € {+,—,*,/}

X7, X*] o [y",¥y*] = smallest interval containing the set of all possible
values for X ¢ 'y

—1,4]+[2,3] =[1,7]
—1,4] % [2,3] = [-3,12]
—-1,41/[2,3] = [-1/2,2]
Multiplication by a number, intersection, union
2[-1,4] = [-2,8]
-1,3]N[2,4] = [2,3]
-1,2] 1 [3,4] =[-1,4]
Image by a function
sin([0,]) = [0,1]
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= Contraction
If 22 = exp(x) +yand x € [1,4],y € [3.1,3.2], z € [4,7], then
* x=1In@z2-y) = x e [x]NnIn([z]* - [y]) = [2.5,3.9]

0,
(De=1)
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Context : map of the environment
known but outliers expected, good
compass and a sonar available YN
T "~

First problem : where are the walls p——
on the sonar image?

Second problem : where is the
robot w.r.t the walls?

\\'/
}////
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Detail on collaboration with ASV
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= From waypoints following to line following
* Primitive heading control loop

* Existing approaches : basic waypoint following
« The robot follows a heading in direction of its waypoint
« Waypoint reached when in a predefined radius

* Problem : nothing prevent the drift between waypoints (because of
currents...)

* => Line following (use the distance to the line)
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= Line following :

Target heading will be the line between the 2 current waypoints,
with an attractive angle depending on our distance to the line

T, T T, T T T T T T T T, T T T T T T T T T
T T T T T T T T T T T T T T, T T T T T T
T T T T T T T T T T T T T T T T T T T T
B T e Tl e T T e e T e e

| b_ﬂ 4 T e e e e T e e il ol b -

p =atan2(b — a) IR
— Y om

- -7 € : -
0 = L .ﬂtﬂll(:} B I il s i S
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Detection/tracking of objects : sonar

Seanet Pro [Single Sonar]

vs  Sound  Help




Seanet Pro [Single Sonar]
Sound Help

& Seanet0_2014-10-03_14h.. -

2014 15:54:45 Aif NfA  |Lan Com N/A  |Rat N/A




Wall following
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Software and mission specification

Il AUYOpenCYGUIL

51_sardine_calib.txt - Notepad

File Edit Format View Help

setmissionaction INIT
wpfollowingconfig 5
linefollowingconfig 50,78
gpslocalization 3
Sastartvideorecording 0

Sowait 1

Yustartvideorecording 1

Sowait 1

=] erw_WRSC2013.Ext 1KE  Text Document 3005/, start'ecvxyrngmsgacuusﬁcmndem
setmissionaction SUBMERGE
ggﬁ;llouingcunfig 8.25 ] atlejapdingreg 25K

' depthreg -2.5

wait 20

setmissionacton WO

thrust 1

gotoxytwgs 44,095466 9,863079 31557500

oo stop

staticsonarlocalization 18 )

A thrust -1
gotoxy 1.5 3.5 : wait 3
wait 18
thrust 8.7 B Stl:ll:l

gﬂf-ﬁ)s(gt—}j 3.5 38 : setmissionaction SURFACE
depthreg -0.3

wait 60

staticsonarlocalization 18 gpsh:u:ahzatil:ln 3

R [logwaltask_Z0T0-0T-0T s, TRE— Fichier 06 valers s .. OO0t 0307 setmissionaction SUBMERGE
I%MTD}D1D-Dl-Dl_DShDF‘rnin4... SI0KE Fichier de valeurs 5., 01/01/201003:15 5t|:||:|
%]PSEXD_ZDID-DI-DI_DShD?min..‘ 62KE Fichier de valeurs s..,  01j01/2010 03:15 depthreg -2.5
@SeanetD_ZDID-DI-DI_DShDT‘ o 10603 KE  Fichier de valeurs s,.,  01/01/201003:15 wait 20
I%Ingissmn_ZDID-Dl-D1_03h1... 37KB  Fichier de valeurs ... 01j01/2010 03:13

fotf

. . "
I%Iogmissmn_ZDID-Dl-D1_03h1... 1KE Fichier de valeurs 5., 01j01/2010 03:14 setmissionaction W1

thrust 1

gotoxytwgs 44.094367 9.859000 31557600
%o stop

thrust -1

wait 3

stop

setmissionaction SURFACE

depthreg -0.3

iDate Created: 23/07/2014 14:06 Size: 2.03 MB

# 'Startl (@ @ [ SAUCISSE_WORKSPACE | [ Ci\sharelSAUCISSE_WG. . I "] Auvopenc¥GUID — ALtOpenCYaLITL ] - Jpameagn sy
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Software and mission specification

Il AUYOpenCYGUIL1

=l env_WRSCZ013 bxt

_WORKSPACE ARD¥Test.exe

wpfollowingconfig B.25
stop
staticsonarlocalization 18
wait 3

gotoxy 1.5 8.5

wait 18

thrust 8.7

gotoxyt 1.5 B.5 38

thrust -1

wait 2

stop

wait 3
staticsonarlocalization 18
wait 3

qotoxy 1.5 3.5

wait 18

thrust 8.7

gotoxyt 1.5 3.5 38

thrust -1

wait 2

stop

vait 3
staticsonarlocalization 18

e ogwaltask_2010-0T-07 03T, UFE
B MTo_2010-01-01_03hO7mind. . S10KB
Bl p330_2010-01-01_03h07min, .. 62 KB

] Seanetn_2010-01-01_03h07. .

10603 KB

I%Iogmissmn_ZUIU-Ul-D1_03h1 i I7KE
I@Iugrﬁisswon_leD-Dl-D1_03h1... 1KB

FICRIET 08 valelrs 5. .,
Fichier de valeurs 5.,
Fichier de valeurs 5.,
Fichier de valeurs 5.,
Fichier de valeurs s, .,
Fichier de valeurs s,

IO 7201 0
01/01 /2010 03:
01/01 /2010 03:
01/01 /2010 03:
01012000 03:
01012010 03:

53_sardine_calib.txt - Notepad

iDate Created: 23/07/2014 14:05 Size: 2,03 MB

Eile  Edit

wait 3
staticsonarlocalization 15
wait 3

thrust 0.7

gotoxyt 25 2090

thrust -1

wait 2

stop

wait 3
staticsonarlocalization 15
wait 3

thrust 0.7

gotoxyt 25 2090

thrust -1

wait 2

stop

wait 3

setmissionaction CHAMGE_DEPTH
stop

headingreg 255

wait 10

depthreqg -3.0

wait 1

setmissionaction STRUCT
thrust 0.2

Format View Help

pipelineconfig 0 00000 10 6545 24065 2200.030.1510.400

startpipelinetracking

wait 210
stoppipelinetracking

%% stop and surface

stop

setmissionaction SURFACE
depthreg 5

wait 60

gpslocalization 3
stoprecyxyrngmsgacousticnodem
wait 60

d-startl [Z @ ) SAUCISE_WORKSPACE |ﬁc:ysharexsnuasss_wo.“”:] AUYOpenCYGUIO ] AuopencyiEis
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B UxV Data Viewer = =
File  View Computations Tools Options

adl Various expressions = = ol Various values = = adl Trajectory = =
File  View Options File  View Options File View Options

xw=11.75, yw=5.61 xw=6991.71, yw=10.00 xow=29.00, yw=-156.34, latw=42.952863, longw=10.601830
az! Data -
ad Ranges = B
k = 6531 dt =0.051017 t = 1443096583.100850
Rangs 0 W Add
tv_sec = 1443096583.000000 tv_usec = 100847.000000 t_raw = 436515349
Range Update
t {in s}
xhat = 47.959 yhat =-172.116 zhat =-1.144 1443097719.24482 Remove
xhat_em = 3.883 yhat_er =3.125 zhat_er = 0.100 Cmde Ceme e o)
42.953545 25
Longitude Longitude emor {n m)
thetahat =2.139 viyhat = 0.208 omegahat = 0.244 10.601242 25
thetahat_er = 0.200 wyhat_er = 0.005 omegahat_emr = 0.100 Distance {n m) Distance emor {in m)
325 25
ul=0.000 u2 =1.000 u3 =-0.750
u =1.000 uw = -0.500
latitude = 42.9527211 longitude = 10.6020623 altitude =-1.144
heading = 327434 date = 2015-09-24 12:09:43

Loading ranges window...
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Fichier Edition Affichage Outils Ajouter
v Recherche

Aller & Commerces Itinéraires |

Aller & Ex. : Rue du 8 mai, Villeurbanne

MK

v Lieux

& Mes lieux préférés
B & Lieux temporaires
& (=& ENSTAT_GC.km
= =] &3 ENSTA1_GC
= [ awv
& 6ps
DQ Position estimation (post-proce...
& Position estimation (post-proce...
Q Position estimation (realtime de...
E]Q AUV_waypoints.kml
Q LongRangeNavigation.kml
= (419 ASV (acoustic help)
= DQ Acoustic ranges
:) logmission_2015-09-24_14h14m...
= DQ ASV_waypoints.kml
1B uGv (6 wheel)
@ (B2 uGv (Buggy Wi-Fi)
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File Edit View Tools Add Help
¥ Search

Search

Get Directions History

= My Places
Q9 Temporary Places
= log
S logmission_2016-07-08_15h34min
logmission_2016-07-08_15h25mind7
Structure

O structure N
Structure area mosaic Anomaly s egn by, Al SV ‘
Anomaly seen by AUV -

O Anomaly seen by AUV

Anomaly seen by ASV

Sonar anomaly (manual detection)
O Anomaly seen by ASV

Pinger
O Pinger

Pinger area mosaic

Bar——— [+v

v Layers Earth Gallery »
Primary Database
Q Voyager
f° Borders and Labels
Places
# [0 2 Pphotos
0= Roads
# O 3 Buildings
+ ME) Ocean
* CI %% Weather
O Gallery
© O@ Global Awareness

Google Earth

Tour Guide P | 2005 Imagery Date: 10/31/2015 lat 44.095883° lon 9.864985° elev 0Om eyealt 118 m @)
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Conclusion
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* Using low-cost AUVs such as SARDINE, we can demonstrate
the efficiency of new methods such as those based on interval
analysis

* Our results to the previous SAUC-E (18tin 2016) and euRathlon
(2" in most of 2015 submarine tasks) competitions show that
our approach is competitive with others
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Questions?
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