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Why Ultrasonic Sensors?

Cost

= [laser Range Finder ~ $3000

s Sonar Ring ~ $ 300

Size

= |.aser Range Finder ~ 6°X6"x6", 3'Ibs
= Single Sonar Transducer < 1°

Special Environments
s Detecting transparent/transiucent material
= Underwater



Centerline

Only: consider region ofi SIgnificant reSponse
Approximate response withi an arc of uniform; probability.

o

\ / Choosing the center point
/ of the arc limits error



Centerline

Adva ntages only centerline points displayed

= Minimal computation
required per sonar
reading

s Low latency.

Disadvantages
s [naccurate

= Open areas may.
dppear occluded




Fusing Multiple Readings

Regions off Constant Depth (RCDs)

s |l.eonard et al. 1995

Arc Tlangents
s McKerrow 1993

Arc liransversal Median (ATM)

s Choset and Nagatanit 1999

Line Fitting

s MacKenzie and Dudek 1994



LLatency.

All'the above approaches only ATM points displayed
INCrease latency.

= FUsing multiple readings
requires waiting for multiple
readings

= [here can be a significant
delay: before processed data
IS available




Hybrid Technigues

Possible solution: use the centerline
model for range readings that have not
yvet been processed

s Centerline data always available

= Problem: noisy centerline data can; still cause
planning failures, even'when only a subset of;
all'readings Is used in this manner



Our Contribution: Arc Carving

An approach that tries to give the best of
poth werlds

s Low! latency.

= High resoelution
An approximation of the probabilistic
Uupdate tsed by 6ccupancy. grids

= Does not require a discretization of the world



Arc Carving Sonar Model

REepresents a sonar return
ds d cone with an arc base

= [[he anc approximates the
SONar respoense

= [he interior of the cone
represents a region of: likely:
freespace



Occupancy. Grid Sonar Model

Iihe arc carving model
may. be viewed as a
Dinary approximation; of
the model used: by,
Moravec and Elfes

= An Arc with nonzero
probability off 6ccupancy:

= A cone with nenzero
probability: of freespace




Arc Carving

Each new sonar reading; is
checked against a history: of:
Previous readings

Ii-an arc Is everlapped by the
INtErIor Of @ NEWEr CONE, the
arc IS carved™ to reflect this
New: iInformation

The updated arc is smaller,
and therefore has a smaller
bound on the error



Arc Carving

Multiple passes of Arc
Carving may: completely
FEMmoVve an arc

= SpUrious sonar readings are
removed

= Response to dynamic
envirenments Is increased



Example — Ordinary Centerline



Example — Arc Carving



Arc Carving Video

|Latency. ISSUes are
avoided

The readings are
more accurate than
centerline

Multiple reading
dpproaches can be
run off off the carved
data

only carved points displayed




Experimental Results:
Amount of Carving

|
— carved mean
— carved median

-
wn
D
o
A
o)
D

T

2
=
o)
—
|-
@
|

o
I
=)
c
@
£
3

£
5
@
£

100

arc radius (inches)




Experimental Results:
Maximum Error

I
— Arc Carving
— ATM
— Centerline
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Experimental Results:
Centerline Map
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Experimental Results:
Arc Carving Map

- +
* > .
’“&»‘4&0» . olong * M "o .
+ Aed 43

+

P e
*

* .
L2L REVEwS

A PR

. ’.‘t”\‘ W,

gf
)
Y o
T ety L
-ty '.‘
* +o

M AR RN

e &, -
R ol *
TR Ceigian st
»
R S4a s d g“.::;‘o: Ssupps
4 .‘Q“,..




Conclusion

Arc Carving provides a |low: cost approach to
SONar PrOCEsSSINg

s [ncreases azimuth reselution
= Removes noise
= [Does not significantly iIncrease latency:

Arc Carving can serve as a first pass approach
that feeds into other processing algoritims

Tihe authors would like to acknowledge the Office ofi Naval
Research for their support in this Work



Questions



