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Traversability Analysis for Mobile Robot Navigation in Rough Terrain
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For the research described here, the road surface
necessary to enable autonomous navigation by a
robot in rough terrain was modeled and a method of
traversability analysis of that road surface was created.
As in much preceding research, this method consists
of three steps, which are (1) dividing the road surfaces
around the robot into grids, (2) generating a road
surface model of each grid, and then (3) performing
traversability analysis of those road surfaces by
evaluating those models. The new contribution made
by this method is that, by optimizing the grid size
of the road surface to be modeled, it can assure the
validity of modeling a road surface on rough terrain
by means of planes. In addition, this method is robust
with regard to outliers and noise near maximum and
minimum values in a measurement point cloud, and
the small number of setting parameters is another
distinguishing characteristic. Application of this
method to an environment of rough terrain, including
slopes, uneven surfaces, and obstacles, made it
possible for robots to correctly perform traversability
analysis of road surfaces and to navigate autonomously
in that environment.
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Fig. 1 Road surface model based on Gaussian distribution
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Fig. 2 Definition of obstacle model and traversability estimation of obstacle
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Fig. 4 Objective function of grid size optimization
(@4n = 25 deg, hy;, = 0.05 m)
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Fig. 5 Flowchart of proposed method
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Fig. 6 Test robot with stereo camera
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Fig. 7 Test environment
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Definition of arrow color

T.=0 T =1
Ti=0 Clear Red Red
Ti=1 Clear Black

Table 1
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59, M EGLRmAETTHEARmE U TIEL < &
Ehiz. P&y, 22.8iTRLAZY v ¥4 TOhE
(LFEDOHMEAR S h iz,

T,=0 and T.-=1
then traversability = 0

Ti=land T, =1
then traversability = 1

7

(b) Bar is judged traversable when / = 0.20 (m)

Fig. 8 Grid size optimization

4.2. BHTREMIBIEIC & 1T 3 1IREFEDE AR

Fig. 7ITR T BEICHWT, RETFHEOA MG %
fTo72. 770 v FO—AD R X%, Fiffilil- THEEmED !
=020m & L7,

EISRIMTZC 36 ) 2 BT T A HIEAS SR O—F % Fig. 9 (a),
(b) 12789, (a) i& Fig. 7 ot %, (b) 3WFEZL, Zh
PN L= TH B, Fig. 9 (a) 1213, EITTHE & 15T X
NARO RO L, X (1) OB L O EFTATEE & 1
TEE NIRRT L T B, fkD SHI O R}
1% 24 deg, ARWVFEIKOMEFHE 31 deg TH Y, BLZ 0,, =
25 deg AHIZFHAOET T HHENTEZLEZ OIS,

Fig. 9 (b) &, MYOEEKZELH 0.04 m DOFEEIIZHKT L
T, ETATRE &R X N 72D KRB GHFEHEL TS, —
BT, MO EERZENH 0.08 m OKIEIZx LTI, Clear
Black DREINPFHEL TWBZ N6, X (2) TETAT
BELHETE I ENnND 5.

Fig. 7 R0 T — 21213 2 0k o O @ARGER
FERTIE, TRy MEFIRZ A & O BRIEOET AT
RIS A, K7 O, Fig. 7 WIS L =fd 4 &
R T O ET A HE (Fig. 9 (€))% LA 5, 0.85 m/s D
B CHEAEET A1T5 2 LN TE .

StiE, (1) FEOwEHAREOMEEORGEE B & L
7z, B4 BTEIRP K E 26T 5 EFEM A EORBIC B
27 A MR, (2)FEOBREMOMILEHNE Lz, £
H—DEH 4 ZOHRTWEENICBE TS TF X b, (3)F
BOMEREOBRITAHME L, e mafy a7
ETUEHET A M EE2FETHZ LKk ->T, FHED
ARMEAES = 2 MEEL T <.

Traversable

Untraversable

Gaze
direction

(c) Grids with obstacle higher than %, are judged untraversable.

Fig. 9 Result of traversability estimation
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5. #&am

AT, aiy PAEIEmAEET UL, AETL
R U CEFAEHE TS FEAREL 2. BRETE
I, BIMETLORREL LTt iz HEHT 2% < Ol
TFFEI A 5, EEDHHIEO R T 7L O YIEC
DWTOMBEIZX LT, RO 7 ) v Bl il 2
Bz WSk iEEem Lz 2k, B4 Fii
TETMETHZLDORYUAERT L LN TE, %
FHREREETHBMEEEL T 5.

& 7z, RIFEE, BRI GRS Ul R i K iR/
EfHED 7 4 ZIZH L TBETH D, FIRICBELIST
A — g3 v Ry bR ATRE & BEEYIE E hy, EDTD
AIRE 2 R KAERHAE 0, DAIZHEDINTIRE I NS Z &h
5, FFEDFEBIART L A VFIBEEOSCFETH L L F
%5,

SihiE, FEOBERABRERLHEHAT 2Ry MZDOWTO
HAZEVE DORGER, [HFEOBEEOMGEL & 2FEE L, F
LOAMEAE G &t EREEL T <.

6. BHYIC

BHIZ, AROBEHIZOWTHRNS, ELFE, v
Ry b OFETHEREEET 0,,, by, DM 6, TRy O
PRI & ElS BBEO 2 ) v K9 A Z&EYGE L, (66
HUCETTEHEETIEDTH S, Lr->T, A
FTIIRRIE LB mOPERIREICHED < 04 by D
HeE AT EIUL, aRy b BRREOWEERA, S B 0,
hy BEZENDS, ZHRIZIRETZ Y v FOH A X% HEY)
WZEHL, ETAEHEETIIENTEDLLIICESZ
ERTHREIND., 20X BTHEOHKRIZL T, WETF
BB OMEE X 5 12m L, Ko PUHEDOEW
ETWEHEFENFH IS L EL T D
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