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Motivation

Navigation requires the ability of a vehicle to determine its position and speed

Navigation is an active field in underwater mobile networks, typical solutions include

° |nertial navigation based approaches
° Has accumulated error
o GPS-assisted inertial navigation
o Requires periodical surfacing
o Could lose track of target
° Could be exposed to enemies

° Image processing based approaches
o Require vehicles to be close to known marks

Our objectives

o Provide accurate location information
o Navigation without surfacing requirement
o Simple enough to be practical
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Main |dea

Essentially assisted inertial navigation
° Inertial navigation information is corrected with seamarks

Seamarks are lightweight undersea node
o Responsible for ONE geographical area

o Help AUVs measure round trip distance d(=d*+d")

Main Idea
> AUV assumes first contact with seamark is at (0,0,0)

o AUV uses multiple measurement to determine
seamark in this coordinate system

o Seamark global position is known

o = AUV global position is obtained with coordinate translation
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Technical Details

Initial information:
Po, Vo

IMUImeasurements:

g(t), a(t) ->v(t),p(t)

accel gyro
Next time

step

Correctin
g Inertial Measurement Unit

velocity information 3 accelerometers, 3 gyroscopes

Correcting
position information
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Correcting Position Information

Seamark

Input:

e Start measurement point {p?};ll &a== From IMU

* End measurement points|{p;}i-,
* Noisy measurements:
d; =df +dj + w;
Output: p;, (Seamark posmon)t

From AComm

Iterated least square estimation

1
Ble) = Bl + (IR I IR (d—h(pl))

.geswsu(
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Correcting Position Information |l

Input:
. n B = B b S [= = B =
 Start measurement points {pf’}i_l jl ZEF’;P?F’}B; w1
. - 2 P .P2:P w2
* End measurement points {p;}7-, — _2 S I
* Noisy measurements: d: L :
d; = d +d; + w; Lol L h(p’pr,pr) | L wn
Output: p;, (Seamark position) =:d —:h(p®) =w
b b b
h(p’.pi,pP:) = [P —pill+lp —pill
Iterated least square estimation [ ( p’~pi | P’-pf )’ ]
Ilpz—pﬁll IIPZ—pfll )
B P’ —P3 L P —P3
. . H o — 1 — . H _ Ip?—psll " PP —psl
p?kJrl) = p?k) + (J’(;ﬁ)R 1-]5«:)) Jﬁ;)R 1 (d— h(p?k))) Iy = ( p’—p; p’—p$ )
p’—p3, - r’-ps,
i (Ilpb—pfnll T IIPb—p.?nll) 1
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Correcting Velocity Information

Input:
* Initial position py;
* Constant velocity, linear trajectory
* Noisy measurements:

di = dl+ + dl_ + Wi
Output: vehicle speed
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Correcting Velocity Information |l

Input:
* Initial position py; lterated least square estimation
* Constant velocity, linear trajectory u=[=z0 yo v ]’
* Noisy measurements: G oy —1 _
U(k+1) = Ugk) + (J’(k)R 135«:)) IR (d — g(ur))

di = dl+ + dl_ ~+ Wi
Output: vehicle speed t

rxo (_1_;;19 Y0 (_IE)E‘P 0 ] r g (_2;;-;P Yo —y(pz—){—vtl Yo —y(l‘;;-vtl t -
g ) q g g
From Acomm j_.mz__.l__;:p 10;% m%tl xg ];mp yo_yp—{}v(tl +t3) y0+'yp+v(t11+t2) (t]_ + tZ)
_ d - _ - _ - JG ( e) — 92 92 92 + géz) gé” g«_(,z)
1 g1 w1
ds gz w2 so—z? yo—vP+o Pt wo—yPHo ity n—1, zq ;211’ yo—yp+t-:223;1 ti yo—y""+v22?='1 ti St
f— . —|— L gg) 9'5;1) 91(11) i=1 7 | L gu,(l ) 91(1 ) 95: ) i=1 ]
J g‘ " Round trip based on IMU measurements
T T T
=:d(u) =g(u) -« gr = | (o — 2P)% + (yo —y v th) + (20 = 27)? + 4| (w0 — 27)% + (90 -yt ’UZR) + (20 — 27)?
=1 =1
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Simulation Results for Velocity Correction
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More noise = more samples, to get the same level of accuracy

Our scheme can work well with fast moving AUVs. But it won’t work for standing objects
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Effects of Distance Between Samples

1000 + ax400 0.035 . . . .
AUV’ path| —— 9 samples
—&— 18 samples
0.03f —#k— 27 samples | ]
1000 + ax300 | E 0,025 i
c | Closer measurements
O .
'*g 0.02¢ ) result in less accuracy
€ 1000 + ax200 - k7
> §e]
_&9 0.015 | T .
©
£
S 0.01f ]
1000 + ax100 |
0.005+ -
1000 0 ' ' ' ' '
1000 1000 + ax100 1 2 3 4 5
x (m) Scale factor a
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Summary

Propose and simulate an INS assisted navigation scheme
o Uses commonly available sensors

° Practical to implement
o Suitable for applications that require no surfacing

Simulations show promising results

Future work
o Implement our scheme on real devices

° Investigate time synchronization with the help of seamarks
o Study if Doppler measurements could improve better accuracy
o Explore how to deal with some noises, such as ocean current
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