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FUZZY ELEVATION MAPS




3D Terrain Modeling

¥ Natural environments
» Search & Rescue

% Onboard 3D scanner
» Huge amount of data

» Resolution decreases with
range

<
o=y » Need for compact
= representation

® Fuzzy Elevation Maps
(FEM)

ey o A T

-
N B T

".“'-\‘\ AN

S M 5

- Nawgablllty
» Reliable data
» Admissible inclination
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Local Fuzzy Elevation Maps (FEM)

Raw 3D Point » Filter noisy de.rta.
Cloud » Interpolate missing data

» Continuous representation
Subsampling

Reduced 3D :> Occupancy

Point Cloud Binary Matrix
ANFIS ANFIS
Learning Learning
Fuzzy Fuzzy
Elevation Map Reliability

Reliable
Fuzzy Region
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FEM Inference

msideways) membership functiom
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Y (forward) membership functions:
wij(v,y) = pr,(2) pr; (y) f f
......... :

B Zero-order Sugeno inference | \\ \
. '/ /\

» Consequents:

Gij(x,y) = aij I peak values

B Terrain elevation:

z=H(x,y) = Z (wij(,y) aij)

Vi,
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Computing Terrain Inclination

z=H(x,y) = Z (wij(x,y) ay)
Vi,j
B Gradient of terrain elevation points:

opr. (x
b\ (5 (252 )
VH(x,y) = = - N Onr;(y)
> (#Fi(;l-v) 5y az‘j)

Vi,j

where

£y f—r, Wfi<u<fiq,
| 0 otherwise.

1 :
iffi « <u< .
Our, (u) N { fi__fli—l fi-1 = Jis

B Gradient magnitude:

[VAH(

JN)clagability can be checked against /,
an admissible inclination threshold
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EXPERII\/IENTAL RESULTS




Experimental Setup

B UnolLaser 3D Scanner:
» 30m range
» 0.7 m above ground

® FEM
» Subsampling resolution 6 = 0.1m
» 20x10 (meter), 19x10 Rules
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Results: Fuzzy Elevation Map
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B Fuzzy Reliability z€(0,1) m Reliable FEM, 2(x,)>0.1
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Results: Navigability Assessment
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B FEM Gradient
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Navigate
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Conclusions

B Natural terrain modeling from 3D point clouds.

B Fuzzy Elevation Maps
» Compact
» Continuous
» Manages noisy and missing data.

B Navigability assessment:
» Reliability
» Admissible terrain inclination

B Local path planning applicability
» Bug(0) examples
® Work in progress

» Navigation with Quadriga robot.
» Dealing with overhangs (e.q., tree tops).
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