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INtroduction

Digital terrain modeling

\fector based



ntroduction
Digital terrain moadeling

— Digital surface model
— Digital elevation model

— Normalized digital surface model
 Digital building model
» Canopy height model

DEM i




Ntroduction
DAR

— Active remote sensing technology

— Precise 3-dmensional point-based information
— Topographic/bathymetric LDAR

— One or more returns

X.Y.Z Position (from GPS) Multiple Return Explanation
Pitch (from IMU) Roll (from IMU)
Heading (from IMU) R
W :
//k/‘

Ist Return

Height (m)




INtroduction
1he AHNZ data set

— Actueel hoogtebestand Nederland 2
— Topographic LIDAR
— ~0640 bilion points
* 0-10 points/m2
— Collection of ground information




INtroduction
1he AHNZ data set

— Avallable as open data
— LAZ-lle
— Meta data
« XY/ coordinates for each point

— Downloadable in tiles
e 1372 tles
e 5x625km




State of the art

—xisting raster-pased neignt maps

PDOK — INnverse distance welghting
e (OHN — Hling 'holes’ within the PDOK height maps



State of the art
PDOK

« DEM
« DSM
o Spatial resolution = 0.5 meter



State of the art
PDOK - DEM
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State of the art

~DOK - DEM
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State of the art

~DOK - DEM
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State of the art

~DOK - DEM
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State of the art
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~DOK - D




State of the art
PDOK - DEM



State of the art
PDOK — DEM

* |nverse distance weighting
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State of the art
PDOK - DE

Acridl photograpt e NEt-filed DEM P Filed DEM
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State of the
PDOK - DEM

‘\aﬁ .
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e of the art
< - DSM
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Sta

e of the art

~DOK - DSM
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e of the art
< - DSM
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State of the art
PDOK — DSV

* |nverse distance weighting
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State of the art
PDOK - DSV

Notfilled BSM




State of the art

g Acral @@t@graph Not-flled DSM



State of the art
OHN (Kramer et al, 2074

o (Object Hoogte Nederlana
o Filing holes within raster-based height maps of PDOK
e [External 2D geodata sets

— TOPTONL - water bodies
— BAG - puildings
— Aerial photography - vegetation

e Filing of remaining holes using iNnverse distance weighting

25



State of the art
OHN (Kramer et al, 2074

periarpotographs; - £ TOPTONL .,,N‘@t fled DSiEe * OFN DS
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State of the art

—valuation

PDOK

e 'Holes' within height data (no-data values)
e Height Is often wrongly determined

o Presence of dynamic objects

OHN (Kramer et al, 2014)

o Hling of Incomplete height data (holes’)
— Modification of ‘correct’ height data

27



Research guestion

VWhat quantitative degree of guality can be achieved
for raster-based height maps

generated from AHNZ point cloud data
oy the application of an automated process?

28



Methodology




Methodology




Methodology







Methodology

Proposed Workiow

e Ploelining

e Filtering

« Spatial interpolation
» Post processing

« \isualization

33



Methodology
Poelining




Methodology

Poelining

Divide-and-conquer strategy

Tile size

Controls granularity of pipeline
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Methodology
Poelining

Divide-and-conquer strategy
e llesize

— Controls granularity of pipeline
» Buffer size
— Results of decomposition similar to non-tiled data

I
I
Filled pixel |
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Methodology
—lltering



Methodology
—lltering

e Hitering ground points from non-ground points

e Hltering of features from non ground points
— Buildings
— Vegetation

No filtering procedure exists that can guarantee a 100%
correct classffication of LIDAR points

38



Methodology
—lltering

e Hitering ground points from non-ground points
— |Insignificant number of points are filtered as being non-ground
— Above-ground points are classified as ground

Additional filtering of ground points does not provide a
Detter classification

39



Methodology

—lltering
e Filtering of features from non ground points
— Contour/segmentation based ocbject-oriented classification

algorithm [Hug et al. ,2004]
— Standard deviation points can have for the planar region they

segments

real-world object

primitive (p) and complex (c)
objects

tower 1 tower 2
o () - (ﬁrﬁﬁz)
child, p

]

building (c1) 1 .
— =
ground {root/parent, c2)
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Methodology

Spatial interpolation



Methodology

Spatial interpolation

 DeEM

— Interpolation based on a 1IN
— SNk filing
— Filing of remaining holes

¢ DBM

— Edge-constrain interpolation

« CHM

— Partial canopy height model generation

Raster resolution = 0.25 meter
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Methodology
Spatial Interpolat

- DEM

O
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Methodology
Spatial interpolation - DEM




Methodology
Spatial interpolation - DEM




Methodology
Spatial interpolation - DEM

o (CUtoff thresholo

— Longest edge of a triangle

46



Methodology
Spatial interpolation - DEM

e Remalining holes
— Water bodies
— Bullding footprints
— Local deviations



Methodology
Spatial interpolation - DEM

e Remaining holes
— Water bodies

SARON
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Methodology

Spatial interpolation -

e Remalining holes

— Water bodies
« Slope
o« B-REP
» Breadth-first search

DEM
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Methodology
Spatial interpolation - DEM

e Remalining holes

— Water bodies
« Slope
o« B-REP
» Breadth-first search




Methodology
Spatial interpolation - DEM

e Remaining holes
— Water bodies
— Building footprints
— Local deviations

. .- 'I
. ]

-

DVV interpolation
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Methodology
Spatial interpolation - DEM

~Remaining holes
— Water bodies
— Building footprints
— Local deviations

i
g |
»

Sramer et al., 2014) B\ interpolation
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Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation

e Extracting bullding boundaries

— From classified LIDAR data
» Concavity

53



Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation

e Extracting bullding boundaries

— From classified LIDAR data

» Concavity
e Holes
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Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation

e Extracting bullding boundaries

— From classified LIDAR data

» Concavity
e Holes

— From the BAG data set
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Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation

e Extracting bullding boundaries

— From classified LIDAR data

» Concavity
e Holes

— From the BAG data set
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Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation

e Extracting bullding boundaries

— From classified LIDAR data

» Concavity
e Holes

— From the BAG data set
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Methodology
Spatial interpolation - DBM

e dge-constrained interpolation

e Xxtracting bulding boundaries

— From classified LIDAR data
» Concavity
» Holes

— From the BAG data set
» [emporal accuracy. 1 year
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Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation

e Extracting bullding boundaries

— From classified LIDAR data
» Concavity
» Holes

— From the BAG data set
» [emporal accuracy. 1 year
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Methodology
Spatial interpolation - DBM

e Edge-constrained interpolation
e Extracting bullding boundaries

« Point cloud manipulation
— [hickening
— Thinning
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Methodology
Spatial interpolation - DBM

e dge-constrained interpolation
Based ona TN

e Xxtracting bulding boundaries
e Point cloud manipulation
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Methodology
Spatial interpolation - CHM

e \egetation
* |nterpolation based ona [N
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Methodology
Spatial interpolation - CHM

e \egetation
* |nterpolation based ona [N
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Methodology
Spatial interpolation - CHM

e \egetation
* |nterpolation based ona [N
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Methodology
Spatial interpolation - CHM

e \egetation
* |nterpolation based ona [N
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Methodology
Spatial interpolation - CHM

e \egetation
* |nterpolation based ona [N
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Methodology

oSt processing




Methodology

POst processing

e Raster resampling
— Direct interpolation
— Indirect interpolation

Directinterpolationt + Indirectinterpolation
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Methodology

POst processing

e Raster resampling
— Direct interpolation
— Indirect interpolation

e Raster smoothing

Blineamfesamplng™ Cubics@ine resampling
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Methodology

oSt processing

e Raster resampling
— Direct interpolation
— Indirect interpolation

. Raster Smoothmg

W ! "
& Height difference -
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Methodology

oSt processing

e Raster resampling

* \Virtual raster generation
— Composition of tled data
— Removal of buffers
— (eoreferencing
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Methodology

Raster visualization




Methodology

Raster visualization

e Hypsometric tinting
* Hil shading

* Image overview generation
— Multi-scale visualization
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Methodology

mplementation




Methodology

mplementation — test gata sets
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Methodology

implementation — DM

Federdores  's-Cravenhage
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Methodology

mplementation — DM

Height
m (w.rt. NAP)

Height 2 Height
m (w.rt. NAP) X m (w.rt. NAP)
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Methodology

mplementation — DM

78



Conclusion

VWhat quantitative degree of guality can be achieved
for raster-based height maps

generated from AHNZ point cloud data
oy the application of an automated process?
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Conclusion
Quality

« No ground truth heignt cata availaple

« With respect to raster-pased neignt maps
— Not-flled DEM and DSM (PDOK)
— Filled DEM (PDOK)
— DEM and DSM (OHN)
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Conclusion
Quality

o [SO1915/7: Geographic Information Quality principles
— Completeness
— Logical consistency
— Positional accuracy
— Temporal accuracy
— Thematic accuracy



Conclusion
Quality

o [SO1915/7: Geographic Information Quality principles

— Completeness
— Positional accuracy

— Thematic accuracy
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Conclusion
Quality — completeness

DEV

Dronten Kerkrade Leiderdorp ‘s-Gravenhage

C(%) O(%) | C(Ww) O(%) | C(™) O(%) | C(%) O(%)

Not-filled DEM 8100 1900 | 7900 2100 | 6305 36.94 | 88.24 1176
Filled DEM 8287 17.13 8032 1962 64.64  35.35 88.63 11.37
OHN DEM 100.00 0.00 | 100.00 0.00 | 100.00 0.00 | 100.00 0.00
My DEM 100.00 0.00 | 100.00 0.00 | 100.00 0.00 | 100.00 0.00

DSM

Dronten Kerkrade Lejderdnrp ’S—Gravem"tage
C() O | C(%) O | C(M) O | CO) O(%)
Not-filled DsSM 98.31 1.60 | 94.49 5.51 0681 3.19 02.72 7.28

OHN DsM
My DSM

100,00 0.00

100, 00 0.0

100,00 000

100,00 0,00

100,00 .00

100,00 0,00

100,00 0,00

100,00 0,00
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Conclusion
Quality — positional accuracy

DEV

Dronten Kerkrade Leiderdorp ‘s-Gravenhage
FuY  — EMSE SD | AHpax FMSE S| AHpax RM SE S| AH gy FAMSE S0
MNot-filled DEM 0.00  0.0000 0. 0000 0.0 Q0000 0.0000 0.00 00000  0.0000 0.00  0.0000  0.0000
OHN DEM 2.36 00568 0.3121 5.50 00850 04812 2,25 00330 01981 .63 00500 0.4543
My DEM 1.08 00054 0.0224 5.71 0.0185  0.1186 1.04 00154 00445 6.68 00301 0.2292
My DEM 287  o0.0bbh 0.3139 5.72 0.2188 08078 248 oa126 053098 10,19 0.4951  1.8893%
{wr.t., OHN DEM)
Dronten Kerkrade Leiderdorp 's-Gravenhage
LY i RMSE S| AH g RMSE S0 | Ay RMSE S0 | A RMSE S0
OHN DsmM 40,05  3.5546 7.5510 2122 0.14bg 11118 7H25  0.3035 47111 36,58 01622 L6135
My D5M 39.81 30822 Baiig4y | 40246 47380 7.9163 BLBE L3701 633422 | 13340 44689 135727
My DsM 39.81 30853 Boa116g4 | gqo246 47520 79275 BLEE  1.3367 s8172 | 13271 46733 139945
{w.r.t OHN DsM)
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Conclusion
Quality — thematic accuracy

DEV

Dronten Kerkrade Leiderdorp

‘s-Gravenhage

Ground 97.67% 99.33% 99.69% 99.48%
Water 85.71% 83.72% 56.00% 76.92%
DSV

Dronten Kerkrade Leiderdorp ’s-Gravenhage
Ground 97.67% 99.33% 99.69% 99.48%
Water 85.71% 83.72% 56.00% 76.92%
Buildings 100.00% 100.00% 94.74% 91.09%
Vegetation 98.00% 100.00% 100.00% 100.00%
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Conclusion

VWhat quantitative degree of guality can be achieved
for raster-based height maps

generated from AHNZ point cloud data
oy the application of an automated process?
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Conclusion

VWhat quantitative degree of guality can be achieved
for raster-based height maps

generated from AHNZ point cloud data

oy the application of an automated process’?

Ihe presented methodology can generate raster-based
nelgnt maps having a high completeness, positional accuracy
and a high thematic accuracy™, detecting more object classes
WIth respect to currently existing raster-based height maps.

*Except water
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—uUture Work



—uUture Work
DEM

e Improve Sink filling
— Adjacent tiles
— Combine slope-based data with external geodata sets
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—uUture Work
DBV

— Optimize bulding footorints (Alnarthy, et al,, 2002)
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—uUture Work
CHV

e |mprove point classification
o Statistical filtering of raster-based data
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