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e Gliders are unigue in N

the AUV world INNOVATION

GPS + IRIDIUM

data ﬁ .ﬂ
—eall} = 3 ]
missions

“Gliders require no
propeller and operate in
a vertical saw tooth
trajectory which ensures

S " e i S i
i I

a high resolution in data ==
sampling” -

(source: Slocum glider manual)

e Varying vehicle buoyancy creates the
forward propulsion

e Challenge of underwater positioning
— Sea currents influence

Reference trajectory

Real trajectory followed

Ligurian s=a Bathymetry {m}
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Introduction: Objectives of the project

e “Can we use a terrain navigation approach
for a long range under ice mission in the
Arctic Ocean?”

NURC

S

PARTNERING
FOR MARITIME
INNOVATION

Effective localization and navigation is critical to successful AUV mission

Under ice - Long range mission
GPS fix unlikely
Drift of position estimate
Growing navigation uncertainty
Limited energy budget

The ALTEX AUV (Atlantic Layer Tracking Experiment )
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2. Underwater navigation

e Internal Navigation e External Navigation
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3. Terrain Based Navigation: Principle

Weapon Al up
control round

Crulse phase
+ Tarrain following
= Vary low altiude
+ Terrain masking
« Defansa avoidance

CCS MK1

TERCOM
A\ Maps

e Totally autonomous
process

e Developed in 1958 to bound PRNER,NG

the error drift of cruise FOR MARITIME
missile inertial navigation
system

Arctic bathy map - Resolution 2km - stereographic coordinates

Arctic Bathymetry (m)

e Oceans seafloor represents a strong
source of information
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4. TBN — Particle Filter: principle
Bathymetric observation

Update
Predictiyv
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Probability density function
e Probability density function Probability density function
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4. TBN — Particle Filter: Prediction Step

e projection forward in time using a kinematics model
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weight to give to particles
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4. TBN — Particle Filter: Update Step NURC

Update the weight of each particle given the likelihood between: \_J/

the bathymetric measurement PARTNERING
. FOR MARITIME
depth seen by each particle Do INNOVATION
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¥ 4. TBN — Particle Filter: Simulation principle

1. Generation of a reference trajectory
2. Generation of a global Psad rackoning trajectory with “virtual”

,,,,,,,, , heading, Press“'@)i days13h  ©  First wpt

Last wpt

3. Generatlon of a trajectory cor\strame%@gﬁturrents

x 10° Terrain Navigation - Ligurian sea
T T
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Ligurian sea - current amplitude/direction - Super Ensemble 200m ean
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. e . = Reference trajectory
. — glider's reference trajectory
——real trajectory (current addition)
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5. Energy Budget

e Mission endurance depends highly on the capacity and usage of

batteries -
P itdim,

e Tradeoff decisions between
energy consumption
Sensing
data processing
communication activities
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e Arctic crossing: Slocum deep
glider (1000m)

Mission specifications:

- 7 waypoints

- pitch angle: 26 degrees

- diving target depth: 1000m (when possible)

- climbing target depth: 400m

-1 pings per dive / every dive e )
~ 165 days of submerged : 05 N\ el

mission under the ice '
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e Particle filter accuracy results FEeeEsEEs
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0. Simulations:

e Arctic crossing: very deep
water glider (4000m) £2
Mission specifications:
- 7 waypoints

- pitch angle: 26 degrees
- diving target depth: 4000m (when possible)
- climbing target depth: 400m
-1 pings per dive / every dive
~ 165 days of submerged
mission under the ice

e Particle filter accuracy results
X 10 TRN-PF estimated position accuracy
g~ T T T [ B

Arctic crossing very deep water glider

r
—+— euclidian, distance

mean = (‘8107.83 (m)
standard, deviation = 6122

Reglposition
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accuracy SN

precision

distance (m)
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YO behavior

LR 21
g

Particle filter precision results

TRN-PF estimated position precision

crosstrack uncertainty [m?]

alongtrack uncertainty [m?]

bathymetric observation number
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6. Simulations: Arctic crossing
Energy consumed

e Slocum glider (1000m)

Energy consumed repartition Other - low consumption sensors
Other = 6235.51 kJ

Echo sounder = 1134.70 kJ
p = 4866.00 kJ

e Very deep water glider (4000m)

Energy consumed repartition Other - low consumption sensors T

7000

. 6000
vehicle controler=_2785.66 kJ T

Pressure s¢ 3

§ 4000

Pinger = 51.87 kJ
& Sepsor = 702.69§<J.
cience payload =

vehicle controler = 2670.21 kJ

Other = 6469.38 kJ

Attitude sens "

’inger = 18.37 k **

Echo sounder = 401.80 kJ ¥ = 2199.21 kJ

st pump = 1822.50 kJ
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e “Can we use a terrain navigation algorithm for a long —
range under ice mission in the Arctic Ocean?” FOR MARITIME

o Simulation results show that the TBN principle

using a particle filter seems to be a perfect tradeoff
to meet: R

Accurate navigation
Limited endurance

Low cost technology
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Perspectives NURE
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e Implementation of a 3D dynamic model PARTNERING
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e Develop the energy budget study: processing energy consumption

Likelihood finction «— =5%/q by 25m (2000m OHI sd4)

e Incorporate data from
magnetometer in the
navigation process
(update step)
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e Test the Terrain Based Navigation in Ligurian
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Thank you!!




