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Classify Ground Points by Terrain Following

A major application of LIDAR point clouds is the accurate delineation of the terrain surface. However, LIDAR data may also
include point returns from vegetation and man-made objects such as buildings, towers, and wires. Creating a bare-earth terrain
surface requires that these above-ground returns be excluded. The Lidar Classification process in TNTmips (see the Technical
Guide entitled LIDAR: Automatically Classify LAS Point Clouds) includes several classifiers that you can use to automatically
identify likely ground points. The Ground - Terrain Following method uses afast, slope-based approach to identify ground points.

Terrain Following Strategy
The Terrain Following
classifier begins by con-
sidering only points that
are single returns or the
last of multiplereturns, as
earlier returns are almost
certainly from vegetation.
Somelast returnsareaso
rejected aslikely vegeta-
tionif their elevationsare
significantly higher than
nearby last-of-multiple
returns. A squaregrid of
designated cell sizeisthen
used to select an initia
sampling of potential
ground points, with each
grid cell represented by
the lowest point near the
center of the cell.

The point grid is subdi-
vided into square seed
areas, which should be
largeenoughtoincludeat
least severa actual gound
points. Within each seed
area, thelowest grid point
isidentified asground and
is used to begin an
upslope search for addi-
tional ground pointsusing $Ioe
three slope constraints. == SR e e

These constraints are based on the concept that the edges of point clusters

representing trees, bushes, and buildings are marked by abrupt increases in
point-to-point slope from ground to off-ground points. For each identified
ground point, sample points in the eight neighboring grid cells are also clas-
sified asground if the slopeto that point islessthan aninitial slopevalue. In
addition, neighboring points are classified as ground if the slope from the
existing ground point to the neighbor is less than a maximum slope threshold
and the changein slopeisalso less than the designated slope increment value.
Using these criteria, ground points are progressively added to the identified
set in the seed area, typically moving in one or more upsiope directions.

The upslope search for ground points in a seed area may be blocked locally
by vegetation or steep ground slopes, so that viable ground points behind
(over)

Virtual Terrain Display using Ground Points
from Terrain Following method

Result from ground classification by the Terrain
Following method for an area with moderate relief
and a mix of forest and open areas. A Bing Maps
image of the area is shown to the left; the scale bar
length is 200 meters. Above, color shaded-relief
virtual terrain displays of Lidar points covering the
area with nominal point spacing of 0.56 meter. Blue
color indicates lower elevations and red the higher
elevations; total relief in the scene is about 250
meters. The virtual terrain on the left uses all point
classes, so the surface includes trees and scattered
houses. The virtual terrain on the right is based only
on ground points classified (from all input points) by
the Terrain Following method in the Lidar Classifica-
tion process in TNTmips. Trees and houses were
effectively excluded from the ground class, yet the
classification produced a sufficient density of ground
points to produce a detail terrain visualization even in
the forested areas. The black box in the terrain
illustrations ( red in the image illustration) outlines the
location of the point profile shown below. The
vertical and horizontal scales in the profile are equal,
so it shows the true slope of the terrain.
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these barriers may not be iden-
tified initially. Therefore the
ground points identified in the
upslope search are used to ini-
tiate a downslope search for
additional ground points using
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File | Points [Spacing[Density [Reference Systen | Hest-East Range | South-Horth Range [~Elevation Rang|[3
dat08041702004a.las 11,303,325 0,69 n  2.1/n* GDA9 / Hap Grid of Australia zone 56 250508.22 - 254547.68 7421385.35 - 7425947.25 86.34 - 579,11
dat0B041702003a, las 29,063,086 0,57 n  3,1/n® GDA9 / Hap Grid of Australia zone 56 250020,4d - 256140,40 7418378.48 - 7425665.26 81,65 - 579,53
dat08041702002a, las 24,215,044 0,66 n  2,3/n? GDA9 / Hap Grid of Australia zone 56 24950826 - 256188.64 7417433,51 - 7425115,17 69,58 - 568,94
dat08041702005a. las 13,013,453 0.66 n  2.3/n* GDAY / Hap Grid of Australia zone 56 250741.44 - 254936.80 7421806.37 - 7426616.93 69.52 - 611.08
dat08041702001a, las 35,916,914 0,55 n  3,3/n’ GDA9A / Hap Grid of Australia zone 56 249376.08 - 25639054 7416031,99 - 7424483,16 60,82 - 552,71 [~
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surface defined by the ground

pointsidentified in the gridded
sample.

Forested Area with Steep Terrain

Virtual Terrain Display from All Points

Result from ground classification by theTerrain Following method for an area of
coniferous forest in steep terrain. A Bing Maps image of the area is on the left; the
length of the scale bar is 100 meters. Center and right, color shaded-relief virtual
terrain displays of Lidar points covering the area with nominal point spacing of 0.3
meter. Blue color indicates lower elevations and red the higher elevations; total
relief in the scene is about 370 meters. The virtual terrain in the center uses all
point classes, so much of the surface is dominated by trees. The virtual terrain on
the right is based only on ground points classified (from all input points) by the ]
Terrain Following method in the Lidar Classification process in TNTmips. The red 0n

Terrain Following ground classifier set to process six unclassified LAS files as a group. Classifier
settings can be modified in the Parameters panel as described in the text.

Virtual Terrain Display using Ground
Points from Terrain Following method
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box in the image illustration (black in the terrain illustrations) outlines the location of the point profile shown above. The vertical and

horizontal scales in the profile are equal, so true ground slopes are shown. Most trees were excluded from the ground point class by the
Terrain Following classifier, but the ground virtual terrain shows scattered “bumps” where some tree returns were misclassified as ground.
In order to classify points on bare patches on steep slopes (e.g., center of area illustrated) as ground, a Maximum Slope setting of 50
degrees was used, but in areas with lower slopes this setting failed to exclude all vegetation points from the ground class. Such isolated

points can be reclassified manually (see the TechGuide entitled LIDAR: Interactive Editing of Point Classes).

Parameters for Terrain Following

Controls for setting the parameters that guide the Terrain Fol-
lowing ground classifier are on the Parameters pane of the
Lidar Classification window. The Grid Interval value sets the
cell size of the sampling grid; thisvalue should beasmall (2 to
5) multiple of the typical point spacing (shown in the Spacing
columnintheinput filelist for each LASfile). The Seed Inter-
val value sets the size of the square seed areas. As discussed
previously, the seed area size should be large enough to ensure
that at least severa valid ground points are present in each seed
area. In practice, this means that seed areas should be larger
than typical tree crowns in forested areas and larger than the
largest buildings (otherwise the lowest point in the seed area
may bein vegetation or on abuilding roof). On the other hand,

if seed areas are too large, they may include too many terrain
irregularities and vegetation barriers, so that the upslope and
downslope ground point searches may be blocked from reach-
ing all parts of the seed area. Thus seed areas should be no
larger than necessary to ensure identification of true ground
seed points.

Thelnitial Slope, Slope Increment, and Maximum Slopevalues
are explained in the previous discussion. Setting suitable val-
ues for the Slope Increment and Maximum Slope parameters
requires consideration of the terrain slopes and amount of local
topographic relief in the data area. In areas with steep terrain
slopeshigher valuesfor thelatter parameterswill berequiredin
order to avoid excluding valid ground points on steeper slopes
and aress of rough ground.
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