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Application of LIDAR technology to derive creg®untry movement map for the
ZalaZONEutonomous vehicle proving ground
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Cooperative Technologies Nat. Lab

Motivation and funding: dualuse technology for autonomous offroad vehicles
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AGV- CPR Husky A200

-

o

o Medium sized AGV

3 /5 kgpayload
3 3-4 hour uptime

6 Uniqueequipment
3z 3DLIDAR
Yy 300 mrange
3z 2x 3-band RTKs GPS

Y Location(<cm)
Yy Orientation(<0.2")

3 Stereocamera
3 Companion Computer

o Future plan: Hydrogenpower




Cross Country MovemenfCCM models

Military approach

In a traditional sense:
Static approach

In case of automation:
Realistic approaclf
Dynamic approach

To model it needs some
criteria




Criteria for route planning

Slope of terrain relief
Vegetation
Hydrology CCM levels:
Soil Conditions
Climate conditions
Urban areas
Roads

Natural and manmade
objects

A SLOW GO terrain

mm 0-10 km/h 10-20 km/h == 20-30 km/h === >30 km/h

Source NATO Documents& Huaet al 2022.



Principle of route planning

Input s GIS analysis Output
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Route Planning

Factor Formula Note

V(km/h)=F1xF2xF3xF4,,XF5

F1 isslope factor as it determines the extent that any  F!
sl ope will deteriorate t Max = maximum, IfF1 < 0, F1 =0 (No Go).
consideration for any other physical factor;

Max off- road gradability (%) — Surface slope (%)
Max on- road gradability (%)

F1(kph) = x Max road speed (kph);

F2  F2=(-0.0008888) slope] +1

F2 isslope-intercept-frequency (SIF) factor SIF is the

number of times the ground surface changes betweer F3 = V, xmax(V,,V,); ; gxl f (1)’ ¥1=(1)»

T4 M H [ . 1 — 2 1= 3
positive and negative slopes over a 1km distance; v _ v .y .y _SS-SD 3IfF3 > LE3=1,

- - L Lo e ’ 4.IfF3 < 0, F3=0 (No Go),
F3 |sve_getat|on factor th"?‘t d_ete_rmlne ImpaCt of the F3 SD* (W+SD) 5. If values of SS/SD are not available, F3 =
vegetation density and distributing pattern on the Vas 1=\ Vix ol Vi=tm o Vi
mobility of wvehicleNs mo

Vy = Vegetation roughness factor, Vy= Vehicle factor, W = Vehicle width (m),

F4 issoil factor that informs impact of the soil SS = Stem spacing (m), SD = Stem Diameter (m), OD = Override diameter of the vehicle.
charact eristics on veh_l_c e _RCl,-VCI, I IfF4 < 0, F4— 0 (No Go),
normally separated into wet (W) and dry (D) condition " = VCI,, - VCI, 2.1fF4 > 1,F4=1.
and F4

RCIp = RCI value for dry condition, RCIyw = RCI value for wet condition,

F5 issurface roughness factorthat depends on the VCI, = Vehicle cone index (1 pass), VCls, = Vehicle cone index (50 pass).

surface materials. F5  F5 = Surface roughness factor (0 - 1) -

W. PIMPA, et al.: TERRAIN ANALYSIS OF CROSS COUNTRY MOVEMENT FOR PATHFINDING OF COMBAT MOBILITY |
OPERATIONS,88sian Conference on Remote Sensing
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AVLZalaZONEHs a
brand-new, 250-hectar
vehicle proving ground
In Hungary.
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Fighter Fixed Wing Platform




YellowScan CloudStation

3.9 km2:609 million pt, 150 pt/m2
34 lines @90 100 m AGL

4.4 cm error after line matching
Offroad area on the South side

Fixed wing flight post processing is
more demanding than multicopter




YellowScanCloudStation




Post Processing for CCM

22m

270m

260m

Raster DTM

250m

Pixel size and interpolation
methods do matter

230m

Central part of offroad track

220m

210m

204m




Transformation of vector layers into raster layers

FEATURE CLASS
z - other factors
Gather all the data “ v vl
/ | # settler';1en(s (built-up
Transform them to o - draiage

raster layers

Generate nonvehicle /’:—/

specific base maps

- weather conditions

- soils

- vegetation

- relief

- synthetic layer of cross-
country movement

M. Rybanskt al.:
Environ Earth Sci /;

(2015) 74:70467058
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> GIS layers of offroad capab
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> GIS layers of offroad capability
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> GIS layers of offroad capability

/. Directionality of Slopes
/8 (4?) directions
/A From neighboring points
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> GIS layers of offroad capability
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> GIS layers of offroad capability

/A Hydrology and weather conditions

A Water surfaces
/A Land coverage
/A Weather conditions

A Possible catchment areas _ e R
/A Topographic Wetness Index Ko e | Tore. wetnes
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> GIS layers of offroad capability

ZALAEGERSZEG =

/A Vector data e W /]
/' Roads T —
A Powerlines |
A Buildings
A Water

/A Land coverage
A Data from other AT
sources

/A National GIS Map
(NTA)
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Source https://nta.lechnerkozpont.hu



https://nta.lechnerkozpont.hu/

GIS layers of offroad capabillity

Land coverage

From orthophoto
Orthophoto
Multispectral data
Machine Learning



