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Application of LiDAR technology to derive cross-country movement map for the 
ZalaZONEautonomous vehicle proving ground



Authors.

YELLOWSCAN.COM  | 2

Bàlint Vanek
Deputy Director, Systems and 
Control Lab Hun-Ren Sztaki

Bence Hrutka
Budapest University of 

Technology and 
Economics



ÅEstablished in 1964, as Research Institute of the Hungarian Academy of 
Sciences (MTA)

ÅStaff of 300, +90 have PhD or higher degree

ÅBridge the gap between Theoretical Results and Industry Needs 

ÅMembership in the European Res. Cons. For Informatics and Mathematics 
(ERCIM), 1994

ÅEU CoEin IT, Computer Science and Control, 2001

ÅVirtual Inst. on Production and Business Management, PBM, 2002

ÅFraunhofer Project C. for Production Management and Informatics PMI, 2010

ÅEU CoEin Production Informatics and Control, EPIC), 2017

ÅCommon legal entity with Fraunhofer, EPIC InnoLabs Ltd, 2018

Å45 FP7 projects, 22 H2020 projects, ERC advanced grant

ÅEötvösLorándResearch Network (ELKH), 2019

ÅAutonomous Systems National Laboratory, 2020

ÅArtificial Intelligence National Laboratory, 2020

ÅHUN-REN Hungarian Research Network, 2023

About HUN-REN SZTAKI.
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Cooperative Technologies Nat. Lab
ÅMotivation and funding: dual-use technology for autonomous offroad vehicles 



AGV - CPR Husky A200
ǒ Medium sized AGV
ƺ 75 kg payload
ƺ 3-4 hour uptime

ǒ Uniqueequipment
ƺ 3D LiDAR
ƴ 300 m range

ƺ 2x 3-band RTK-s GPS
ƴ Location(<cm)
ƴ Orientation(<0.2̄ )

ƺ Stereocamera
ƺ Companion Computer

ǒ Futureplan: Hydrogenpower
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ÅMilitary approach

ÅIn a traditional sense:
ÅStatic approach

ÅIn case of automation:
ÅRealistic approach Ą
ÅDynamic approach

ÅTo model it needs some
criteria

Cross Country Movement(CCM) models



ÅSlope of terrain relief
ÅVegetation
ÅHydrology
ÅSoil Conditions
ÅClimate conditions
ÅUrban areas
ÅRoads
ÅNatural and man-made 

objects 

Criteria for route planning

CCM levels:

Å GO terrain

Å SLOW GO terrain

Å NO GO terrain

Source: NATO Documents& Huaet al. 2022.  



Principle of route planning
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Route Planning

ÅV(km/h)=F1xF2xF3xF4D/WxF5
ÅF1 is slope factor as it determines the extent that any 
slope will deteriorate the vehicleƝs speed without 
consideration for any other physical factor; 

ÅF2 is slope-intercept-frequency (SIF) factor. SIF is the 
number of times the ground surface changes between 
positive and negative slopes over a 1km distance; 

ÅF3 is vegetation factor that determine impact of the 
vegetation density and distributing pattern on the 
mobility of vehicleƝs movement; 

ÅF4 is soil factor that informs impact of the soil 
characteristics on vehicleƝs mobility. The analysis is 
normally separated into wet (W) and dry (D) conditions; 
and 

ÅF5 is surface roughness factor that depends on the 
surface materials. 

W. PIMPA, et al.:  TERRAIN ANALYSIS OF CROSS COUNTRY MOVEMENT FOR PATHFINDING OF COMBAT MOBILITY IN MILITARY 
OPERATIONS, 33rd Asian Conference on Remote Sensing 



ZalaZONE
ÅAVL ZalaZONE is a 

brand-new, 250-hectar 
vehicle proving ground 
in Hungary.
ÅAVLZalaZONEoffers 

complete test solutions 
with engineering 
services, technical 
equipment, workshops 
and offices.
ÅMember of the 
Szèchènyi University



Fighter Fixed Wing Platform

ÅCustom LIDAR payload bay



YellowScan CloudStation

Å3.9 km2: 609 million pt, 150 pt/m2

Å34 lines @90-100 m AGL

Å4.4 cm error after line matching

ÅOffroad area on the South side

ÅFixed wing flight post processing is 
more demanding than multicopter



YellowScan CloudStation



Post Processing for CCM

ÅRaster DTM

ÅPixel size and interpolation 
methods do matter

ÅCentral part of off- road track 



Transformation of vector layers into raster layers 

ÅM. Rybansky et al.: 
Environ Earth Sci 
(2015) 74:7049ς7058 

ÅGather all the data

ÅTransform them to 
raster layers

ÅGenerate non-vehicle 
specific base maps 



ÅSlopes
Å Horn method

GIS layers of off- road capability
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Source: BadoraȓWawer 2022.



ÅAspect
Å Direction of slopes

GIS layers of off- road capability



ÅDirectionality of Slopes
Å 8 (4?) directions
Å From neighboring points

Å Longitudinal and lateral 
aspects

GIS layers of off- road capability



Å Roughness
Å Degree of irregularity
Å Fromelevation
Å Surroundingcells
Å Largest difference

GIS layers of off- road capability



Å Hydrology and weather conditions
Å Water surfaces

Å Land coverage 
Å Weather conditions

Å Possible catchment areas 
Å Topographic Wetness Index

GIS layers of off- road capability



Å Vector data
Å Roads
Å Powerlines
Å Buildings
Å Water

Å Land coverage
Å Data from other 

sources
Å National GIS Map 

(NTA)

GIS layers of off- road capability

Source: https://nta.lechnerkozpont.hu

https://nta.lechnerkozpont.hu/


Å Land coverage
Å From orthophoto

Å Orthophoto
Å Multispectral data
Å Machine Learning

GIS layers of off- road capability


