Point Cloud to Raster
LAStools to ArcGIS

J Ramodn Arrowsmith

School of Earth and Space Exploration
Arizona State University

Department of
U GEOLOGY & GEOPHYSICS
Chr‘lstopher J. Crosby . THE UNIVERSITY OF UTAH

UNAVCO

Tutorial notes

Applications of High Resolution Topography to Geologic Hazards in Utah
September, 2017, Salt Lake City, Utah

~& OpenTopography

High-Resolution Topography Data and Tools
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1. Coordinates & Classification

Horizontal Coordinates: UTM Zone 12N, NAD83 (2011) [EPSG: 26912]
Vertical Coordinates: NAVD88 (GEOID12A) [EPSG: 5703]

Data Selection Coordinates: [/ Manually enter selection coordinates (in the horizontal coordinate system listed above) FO r n OW d O n’t Se I ect a nyt h i n g e I Se
V4

Xmax = 414794.803033  Ymax= 4581560.78751

Xmin= 414200.283785 Ymin = Job Description

4580776.748503

These options allow users to describe and keep track of their jobs. Information entered below is |
archive accessed via myOpenTopo (available only to registered OpenTopography users).

The selection area contains approximately 15,254,000 points.

Job title (up to 100 characters) UGS Pearsons Canyon demo
© Choose Return Classification ¥ Ground @ Unclassified Jobldescriptioniltebootl e St Job description
Enter your e-mail address ramon.arrowsmith@asu.edu

for notification upon completion of

2. Point Cloud Data Download

processing

@ [ Point cloud data in LAS format © ¥ Point cloud data in LAZ forma @ [ Point cloud datain ASCII format




‘» OpenTopography HOME  ABOUT - DATA-  TOOLS-  LEARN -  COMMUNITY -

High-Resolution Topography Data and Tools

Point Cloud Job Report

Modify and resubmit this job Download Job Metadata
Full job metadata report View Job Configuration Q

pcl1505615743550 UGS_Wasatch UGS Pearsons Canyon demo 2017-09-16 19:35:44 2017-09-16 19:36:04 20 secs 14,014,140 Done +

Download Job Results

Point Cloud Results e Download point cloud data in LAZ formaf_points.laz (63.3 MB) Ren ame |t SO you canremem ber

Share These Job Results



LAStools

Open source and commercial tools for processing and
analyzing lidar point cloud data in LAS/LAZ format

https://rapidlasso.com/lastools/

Native GUI, command line, ArcGIS, QGIS & ERDAS Imagine
toolboxes. © o e N

rapidlasso GmbH

fast tools to catch reality

Products LAStools BLAST LASzip PulseWaves Blog Events Support Contact

LAStools

Our flagship product is the LAStools software suite, which is an easy download (28 MB) and is available for licensing (see pricing). It is a collection of highly efficient
batch-scriptable, multicore command line tools. We have tools to classify, tile, convert, filter, raster, triangulate, contour, clip, and polygonize LIDAR data (to name just
a few functions). All of the tools can also be run via a native GUI and are available as a LIDAR processing toolboxes for ArcGIS versions 9.3, 10.0, 10.1, 10.2, or 10.3
for QGIS versions 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, or 2.10, and for ERDAS IMAGINE versions 14.0 and 15.1

LAStools are the fastest and most memory efficient solution for batch-scripted multi-core LIDAR processing and can turn billions of LIDAR points into useful products
at blazing speeds and with low memory requirements. For seamless processing of large amounts of LIDAR we further offer the BLAST extension of LAStools

Share this:

W Twitte [Ed Facebook €D

Blog at WordPress.com



B Ylasview - just a little LAS viewer

FearsonDemopoints.laz

browse ... — |

b

42017 OT short course
sBorahPeak

sLastools

SO0dTalks to build fram
WFapers
FearsonDemaopoints.laz

\ Al

wildcard: | laz

W las [ laz ¥ .hin
[ asc [ kil [ .dim

directory: |E‘u 4o |

C ASCI files ... +

C filter ... + [
C transfarm .. +
C projection ... + [
C overlays ... +

LAS version: 1.2
source |D: 0O created: 258/2017

‘Lastools (c) by rapidlasso GmbH’

laselas (version 140403) + OT”
# of points: 14014140
point type: 3 point size: 34

L Ad AmAm A A4 ATmE A .

BiRUN

- O X

lagview -i "ChlserswramoniGoogle Drivet+S_Active_ltems\2017UGS_OTwWPearsonDemopoints.laz"

START

COPY

CAMNCEL

i selected file only
= process all files

[~ verbose

C render anly +p
C color by +
C window size +p

sample points:| 5000000

[~ files are flightlines
[ apply file source ID
concavity: |50

README | <Q=UIT |




X |BYjust a little LAS and LAZ viewer
|

zoom |

Space bar
to change
mouse
mode

Right click rende

r only... ground

7 e e



ASPRS LAS(er) Format

e Binary public format for exchange of 3D point cloud
data. Owned & maintained by ASPRS.

e Airborne lidar-oriented. v. 1.0 (2003) —v 1.4 (2011)

ASPRS Standard LIDAR Point Classes
Classification Value (bits | Meaning
0:4)

Created, never classified
Undclassified’

Ground

Low Vegetation

Medium Vegetation

High Vegetation

Building

Low Point (noise)

Model Key-point (mass point)
Water

WO (NN [E[WIN - O

 .LAZ = LASzip — open source library for lossless
compression of LAS lidar data. Developed by Martin

Isenburg of LAStools.
L
! IMAGING & GEOSPATIAL
dSh rs INFORMATION SOCIETY




Overview

Starting with an LAS/LAZ file, let’s explore the contents of the file,
do some manipulation and filtering, and then maybe reproject the
file. Next we’ll make elevation and other rasters using Lastools and
visualize and examine them in Google Earth and ArcGIS.

Outline

LASinfo to see what’s in the file (attributes etc)

LAS2txt to look at contents in human readable form
LASboundary to make an outline of the file and plot it on a map
LASground to classify ground vs vegetation points

LAS2LAS for filtering on attributes and reprojection

Lasgrid point density

Lecture burst on generating DEMs from points

Neighborhood approach for DSM and DTM (Lasgrid DEM)

. Tinning approach with tiling for DSM and DRM (lastile and blast2dem)
10.ArcGIS DEM visualization, manipulation, and simple raster math

© 0NV AWNE



LASinfo — reports contents of LAS file

B lasinfo - prints out a quick overview of the LiDAR content of a LAS/LAZ/BIN/ASCII file

PearsonDemopoints.laz

hrowse ..

4,

b

W2017 OT shaort course
“BorahPeak

SLAaStools

WOldTalks to huild from
WPapers

PearsonDemopoints.laz

wildcard: I *laz add I
directory: I Eh qo I

5

v las [ laz ¥ .hin
[ asc [ hil [T .dim
C ASCI files .. +
C filter ... +
C transfarm ... + [
C projection ... +
C overlays .. + [

LAS version: 1.2
source ID: O created: 258/20

17

‘LAStools (c) by rapidlasso GmbH?

‘lasZlas (version 140403) + OT”
# of points: 14014140
point type: 3 point size: 34

A4 ASoo an A4 ADod o

B7RUN

laginfo -i "CAUsersiramomGoogle Drivei+S_Active_ltems\2017UGS_OTWPearsonDemopoints.laz" - o<t

START
COPY

CAMNCEL |

oices

- a X

C1jobondcores +[

¢~ selected file only
= process all files
[~ merge files into one

ST i+
[~ verbose

YIEW I

sample nints:l S000000
" output nptiuni =

¢ none
¢ stderr
¢ stdout
¢ *_info.txt
o et

0

\WWDH

[~ no VLRs report
[T no minfmax report
[ outside bb report

[~ do not parse points
[ compute point density

C progress +
C histogram + [

[ repair counters
[ repair hounding box

C file source id + 1

C creation date + [

C system identifier 4+
C generating software + |
C bounding box +

WARMING (may corrupt)

C global encoding + [

W



LASinfo — reports contents of LAS file

_ | PearsonDemopoints - Notepad

File Edit Format View Help

keporting all LAS header entries:

file signature:

file source ID:
global_encoding:

project ID GUID data 1-4:
version major.minor:
system identifier:
generating software:

file creation day/year:
header size:

offset to point data:

number var. length records:

point data format:
point data record length:
number of point records:

number of points by return:

scale factor x y z:
offset x y z:

'LASF'
(4]
1

00000000-0000-0000-5455-484100000000

1.2

'LAStools (c) by rapidlasso GmbH'
'las2las (version 140403) + OT'

258/2017

227

1487

3

3

34

14014140

13428282 578830 6177 846 5
0.01 0.01 0.01

000

414200.29 4580776.75 1355.91
414794.80 4581560.78 1599.66

'LASF_Projection’

min x y z:
max x y z:
variable length header record 1 of 3:
reserved 43707
user ID
record ID 34735

length after header 96

> Header summary

Georeferencing information

descript

key
key
key
key
key
key
key
key
key
key

ion

1024
1025
1026
2049
2054
3072
3076
4096
4097
4098

'GeoTIFF GeoKeyDirectoryTag'
GeoKeyDirectoryTag version 1.1.0 number of keys 11

tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location
tiff_tag_location

0@ count 1 value_offset 1 - GTModelTypeGeoKey: ModelTypeProjected
@ count 1 value_offset 1 - GTRasterTypeGeoKey: RasterPixelIsArea

34737 count 31 value_offset
34737 count 6 value_offset 3
0 count 1 value_offset 9102
0 count 1 value_offset 26912
0 count 1 value_offset 9001
@ count 1 value_offset 5703
34737 count 14 value_offset
0@ count 1 value_offset 5103

~ e

T 41220029

AARAA

41479480
Y 458077675 458156078
z 135591 159966
intensity ] 255
return_number 1 5
number_of_returns 1 5
edge_of_flight_line © 0
scan_direction_flag © 1
classification 1 7
scan_angle_rank  -16 20
user_data ] ]
point_source_ID 6165 12218

gps_time 67454341.779927 68227738.997013

Color R 7424 61440
G 8192 61696
B 10752 59648
number of first returns:
number of intermediate returns:
number of last returns:
number of single returns:

13428282
7035

13428388
12849565

Ioveraa

aAan .

I e

overview over number of returns of given pulse: 12849565 114517

histogram of classification of
10625129 unclassified

3388321 ground (2)

690 noise (7)

points:

(1)

Summary of file contents -
— Min/max & histogram —

from scan of file

16008 3368 22 0 0



LAS2TXT — points in ascii

B Ylas2txt - turns LiDAR into human-readable, easy-to-parse ASCII

FearsonDemopoints.laz

L«

wildcard:l".laz add |
directnry:IE:‘u o |

W las [ laz ¥ .kin
[T asc [ kil [T .dim

C ASCI files ... +
C filter ... +
C transfarm ... +
C projection ... +
C overlays ... +

Las version: 1.2

source |D: 0O created: 256/2017
‘Lastools (c) by rapidlasso GmbH?
‘lasZlas (version 140403) + OT”

# of points: 14014140

point type: 3 point size: 34

dd d-no Ao dd4 4204 0

Parse string
& delimiter

— O X

C 1jobondcores  +p

" selected file only
+ process all files
[~ merge files into one

C output ... +
[~ verbose

WVIE'W |
sampl ints:| anooooo

M i)

M )

M (@)

v (iintensity
v (fieturn number
v (nmumhber of returns
v (cilassification

¥ scan (ajngle

v (uiser data

v (pioint source D
W GPS (fime

[ (Keypoint flag

[ with{hyold flag

[ (ojverlap flag

[ scanner channe(l)
v (RGE) color

[T (wjave packeti

C affributes ... + [

parse string:lxyzirncaupt
separatur:| comma j

[T include header

cnmmentlpnund E

[ add extra string

exira) string:l

RLIN |




W )
LAS2TXT — points in ascii > 0
v {iintensity

414248.13,4580776.87,1363.64,134,1,1,1,5,0,6165,67454341.779927,22528,23¥ (et nurber

¥ {njumher of returns

414248.04,4580776.97,1363.51,148,1,1,1,5,0,6165,67454341.782320,23040,23% (@)assifcaion
414246.79 4580776.96,1363.12,192,1,1,1,5,0,6165,67454341.800585,27904, 28 teer tata
414247.00,4580777.40,1363.19,185,1,1,1,5,0,6165,67454341.800597,29184, 25 fart saurce I
414246.90,4580777.54,1363.31,162,1,1,1,5,0,6165,67454341.803013,29440, 26 Kevroirt iag

=™ with{hiold flag

414246.68,4580777.08,1363.20,170,1,1,1,5,0,6165,67454341.803025,31488, 32r (o)verlap flag

scanner r:hanne(l}

F (w}awe pau:ket index

414245.62,4580777.35,1363.11,221,1,1,2,5,0,6165,67454341.821243,33024, 33 Mo s
414245 84,4580777.80,1363.14,230,1,1,2,5,0,6165,67454341.821255,31488, 31 =
414246.05,4580778.24,1363.22,205,1,1,1,5,0,6165,67454341.821266,33792,

414245.98,4580778.42,1363.16,233,1,1,2,5,0,6165,67454341.823683,35072,
414245.74,4580777.94,1363.15,236,1,1,1,5,0,6165,67454341.823695,31488,30720,25088
414245.51,4580777.45,1363.18,231,1,1,1,5,0,6165,67454341.823707,32512,32512,26624
414245.27,4580776.96,1363.20,206,1,1,1,5,0,6165,67454341.823718,28416,28160,22272
414244.14,4580777.17,1363.16,235,1,1,1,5,0,6165,67454341.841924,26624,24576,23040
414244.36,4580777.63,1363.17,202,1,1,2,5,0,6165,67454341.841936,27904,26368,23296
414244.58,4580778.09,1363.19,236,1,1,1,5,0,6165,67454341.841948,28672,27392,23040
414244.80,4580778.53,1363.25,213,1,1,1,5,0,6165,67454341.841960,28928,27648,23040
414245.01,4580778.98,1363.24,236,1,1,1,5,0,6165,67454341.841971,29440,27648,23296
414245.23,4580779.44,1363.22,237,1,1,1,5,0,6165,67454341.841983,29184,27648,23552
414244.97,4580779.17,1363.20,237,1,1,1,5,0,6165,67454341.844376,28672,27136,22784
414244.73,4580778.69,1363.22,215,1,1,1,5,0,6165,67454341.844388,29184,27648,23296

separator:




LASboundary — generate outline of point data

B Ylasboundary - computes the exact boundary polygon for massive amounts of LiDAR points

FearsonDemopoints.laz

C hrowse ... + [
I

[ filter .. =
by coordinates:

| [

by classification or return:

| A

by various criteria:

| [

ADD | TS

keep_random_fraction €5

= I ...
C projection ... + [
Coaverlays .. + [

LAS version: 1.2

source |ID: 0 created: 258/2017
‘LaStools (c) by rapidlasso GmbH?
‘lasZlas (version 140403) + OT”

# of points: 14014140

point type: 3 point size: 34

A 414200.23 4147348

L ArAATSA TE ArAdEAA TA

- O X
C1jobondcores +[
"~ selected file only
= process all files
[~ merge files into ane
C output ... +
[ verhose

VIEW |
sample puints:l a000000

= use points

= use hounding hox

¢~ use tile bounding box
 use LAX information

Filter to \cnncavity:|1un|
o, [~ holes
(ZSA (0) [ disjoint
[~ convex hull

sssss

N‘HM—J
L

[~ overview
I5

AEADME | <Q=UIT |




LAS2LAS - filtering, clipping, coordinate transformation

7| las2las - extracts first/last returns, clips, reprojects, subsamples, translates, etc ... LIDAR in LAS/LAZ/BIN/ASCII format

D17_SJER_AOI_points.laz -

El
[ browse ... — |
N =
Y

|1 7_SJER_AOI_points.la
WLaStools
wyfaults

v
wildcard: | *laz add |
directory: | Ch go |

V las [v laz [v .hin
C_ASCIl files ... N
C filter ... +[
L' transform ... +p
L/ projection ... +f
C EOVeHays i+
AS version: 1.3
sotvge ID: 751 created: 26348016
LAStools enburg’

‘lasZlas (version 120628)°
# of points: 8455153
point type: 3 point size: 34
%: 255529.29 256108.99

y: 4110595.88 4113028.47

2. 20C 72 CA1 7€

Lots of options for
filtering (attribute,
coordinates, other...). Can

also transform

coordinates & rescale

values

Reprojection: set a
target. File MUST

have CRS set in

header to define

new output CRS. If

not set, use

“projection” option

at left to define —
input projection.

las2las -i "C:\geospatial\D17_SJER_AOI_points.laz"
-keep_classification 2 -target_sp83 CA_IV -

| & ]
C 1jobondcores +f
¢ selected file only
¢ process all files
[~ merge files into one
C output ... +[
[~ verhose

viEw |
sample points:[ 5000000

[~ files are flightlines
[~ apply file source ID

options:
! ]
number/value:l 0

ADD

C target projection .. +J

format:l laz :l

RUN

README | <Q=uIT |

olaz

lower: [eft x:lEl upper right >::|0 Uge souare tile I

lower: [eft y:IU upper right y:llJ tile size:lwﬁtl

LICENSE clip input
LAStools (c) 2016 b S “ pick
et license = | | disable
y hartin Isenburg R t Rotat M >
{version 160606) ese LLELS B oo

selected file: ChgeospatiahD17_SJER_AOI_points.laz




Lecture burst:
Point cloud classification

-~ OpenTopography



Lidar ground classification

...Simplified...

Three assumptions:

1. Ground is smooth
— Assumption: high curvature is not a point on the ground

2. Ground is continuous (single-valued)

3. Ground is lowest surface in vicinity

Modified from: R. Hagerud, USGS



Start with mixed ground and canopy
returns (e.g. last-return data), build TIN

R. Hagerud, USGS



Flag points that define spikes
(strong convexities)

/,\\ ) : / /'r\ 7/\ \
J/ \L/ \./rﬁ \1_._ﬁ‘/ Y

R. Hagerud, USGS



Rebuild TIN

R. Hagerud, USGS



Flag points that define spikes
(strong convexities)

= ¥ / ‘ |
¥y 252 TG 2

R. Hagerud, USGS



Rebuild TIN

R. Hagerud, USGS



Flag points that define spikes
(strong convexities)

R. Hagerud, USGS



Rebuild TIN

N

R. Hagerud, USGS



Despike algorithm

Benefits:

e |t works

* It's automatic
— Cheap
— All assumptions explicit

* |t can preserve breaklines

|t appears to retain more ground points than other

algorithms
R. Hagerud, USGS



Despike algorithm

Cy@ o-0o—0—90
@/@,@/@/6 o Cross-section of
highway cut
Problems:

« Removes some corners
« Sensitive to negative blunders
« Computationally intensive
« Makes rough surfaces
— Real? Measurement error? Misclassified vegetation?

R. Hagerud, USGS



Point cloud classification

« LAStools LASground

. \(1
« Other software: - Y

— Terrascan TIN facet
— QT Modeler

— ENVI lidar

— Global Mapper
— MCClidar

— CANUPO (CloudCompare)

« Still an area of active research

« Based on algorithm in Axellson
(2000)*, with some modifications

Modlfied from T. Goulden, NEON



LASground — identify bare-earth (ground) points
=1 lasground - extracts the bare-earth from LiDAR by‘classifyinﬂ;rm poins‘m [FEREE

— C 1jobon8cores  +J
¢ selected file only

¢+ process all files

[~ merge files into one

output

appendix: | _he|
filename: I

[~ verbose

VIEW I
sample points:| 5000000

= |«

browse ... —

Input: Unclassified
point cloud file

Pearson _WOrl
‘testing " no bulge

= [~ no stddey

— . . [~ in horizontal feet
wildcard: [~ laz add | Ground CIaSS|f| Cat| OnN [~ in vertical feet

directory:[CA— go_ | SettlngS Output I= by flightiine

Vv las v laz [V .hin ¢ wilderness

e bl flename, landcove Crawe
: : d own of flats
C ASCII files ... ool  city or warehouses
type, processing level 2
C filter ... + ¢ custom
C transfarm .. +p G| seftinns £
C' projection ... +J C default
¢ fine
C overlays .. +p 7 exira
LAS version: 1.2 SLLE
source ID: 0 created: 256/2017 I I o +
’LAStools (c) by rapidlasso GmhH’ [~ compute height
‘las2las (version 170528) [V replace z

# of points: 14014140 output:llaz :l
point type: 3 point size: 34 \ RUN

x: 414200.29 4147948

v A5RN77A 75 4531560 76

N P 4
LICENSE | clip input

LAStools (c) 2017 (0 * ‘\ pick lower: [eft x:l 0 Upper: right x:l 0 use sguare tile |
== unlicensed == \'-\}- N\ disable | lower left y:ll:l upper right y:ll:l file size:|1l:ll:lD

hy Martin Isenburg
selected file: C:AOTdata\1 7Utah\PearsonDemopoints_unclass.laz

(version 170528) | heset Rotate  Move  Zoom




LASground — identify bare-earth (ground) points

Reclassified point cloud

X 41420029 41479480

Y 458077675 458156078 X 41420027 41479482

z 135591 159966 Y 458077673 458156080

intensity 0 255 z . 135590 159964

return_number 1 5 intensity 0 0

i 1 reurnneer L

edge_of_flight line @ © edge of_flight_line 0 0

scan_direction flag © 1 scan_diFect?on_ﬂag 0 1

classification 1 ’ classification 1 2

scan_angle_rank  -16 20 scan_angle_rank -16 20

user_data o 9 user_data 0 0

point_source_ID 6165 12218 pO'i nt_source_ID 0 0

gps_time 67454341.779927 68227738.997013 gps_time 0.000000 0.000000

Color R 7424 61440 Color R 7424 61440

G 8192 61696 G 8192 61696

n A1 I H H WARNING I 1fi I
" Qriginal point cloud classification wenne: After point cloud (re)classification
Nuiue! U1 1a50 i cluiiis. 10420500 number of intermediate returns: 7035
number of single returns: 12849565 number 3 S ma 3428388
overvi umber of returns o se: 12849565 1145177 16008 3368 22 0 0 N single returns: 5

verview over number of returns of givefNulse: 12849565 1145177 16008 3368
histogram of classification of points:
5315758 wunclassified (1)

8698382 ground (2)

s Tmmmmn wlhhaen bhaadae e o [N a%e TaVaVaV¥al

ogram of classification of points:
10625129 unclassified (1)
3388321 ground (2)

\690 noise (7)




point density

B Y lasgrid - rasters huge LiDAR collections into elevation/intensity/density;... grids

FearsonDemopoints.laz

hrowse ..

b

2017 OT short course
S“BorahPeak

SLaStools

WOldTalks to build from
WFapers
FearsonDemopaints.laz

\ -]

wildcard: | laz

W las | laz [v .hin

directory: |E\ 4o |

[ asc [ kil [T .dim
L ASCH files ... +
C filter ... +
C transfarm ... +
C projection .. +
C overlays ... + |

LAS version: 1.2
source ID: 0 created: 258/20

17

‘Lastools (c) by rapidlasso GmhH’

‘lagelas (version 140403) + OT”
# of points: 14014140
pnmt type: 3 pnmt 3|ze 34

BRUN

lasgrid -i "ChlsersvramoniGoogle Driveds5_aActive_ltems\201 7UGS_OTPearsonDemopoints.laz" -point_density - otif

START
COPY
CANCEL

— O X

C1jobondcores  +J

¢ selected file only
= process all files
[~ merge files into one

C output ... +
[~ verbose

WIEW |
sample pnints:l 5000000

1m?2 pixelsstep size:[ 1

itern| point_density B

opflowest  -|

fill n pixels:l a

C color options  +

C subsample  +J

C large rasters  + [

[ use bounding hox
[~ use tile bounding box
[ specify size of raster

ncols: |91

I—
FIFOS: | aillé

[ specify lower left

2
2
furmat:l tif j

RUM

README | <@=UIT |




point density

Profile Graph Title

Pointsim™2

o i

T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500 550 GO0 GBSO YOO TS0 800
Distance (m)

Load .tif into ArcMap, change
color map, use 3D Analyst to
profile density

Slash of no data is telling us that we have exceeded
the license limit
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* 1 meter grid

e LiDAR returns from
EarthScope data
collection

* Example from flat area
with little or no
vegetation so ground is
sampled approx. 5+ times

per square meter

e How do we best fit a
continuous surface to
these points?

1 meter

e Ultimately wish to
represent irregularly
sampled data on a
regularized grid.




raster DEM

Isenburg, et al., 2006

interpolating

o ¥

resampling

c————————

Generating DEMs from LIDAR

LIDAR points

temporary TIN

triangulating



Interpolation Methods
Inverse Distance Weighting (IDW)

Natural Neighbors $ i
Krlg | ng o o . - K o
: o K O A
Splines |? . e R T
e o o
TIN |
: o o o o o ~
linear o
) )
quintic | o ° o . |°
o o o °
o o o
o o ° ° ° N o

Isenburg, et al., 2006



DEM Generation via TIN Streaming

C
Q90
8 ©
© N
O =
£ 3
Ew
nd

output final DEM

to disk
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£
=
®©
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-
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Y
@
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(mlululalafafafal=]=lTala]"|—u]
O000000000MO0 e
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OoOo0oO000EEEEEEE
OoOoooOONEEEEEEND
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OoOOONEEEEEEEOO0
OoOOCOEEEEEEEEOO0
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\

<
TI
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EmQoEO
mEOmODO

store elevation rasters

to temporary files

Isenburg, et al., 2006

(grouped by rows)



Example Result

500,141,313 Points 50,394 x 30,500 DEM
11 GB 3 GB
(binary, xyz, doubles) (binary, BIL, 16 bit, 20 ft)

|

3

o 0on a household laptop with two harddlsks 2
o In 67 minutes =

o 64 MB of main memory =

0 270 MB temporary disk space

Isenburg et al., 2006



Measure fault slip at the appropriate scale
B4 LiDAR topography 0.25 m DEM

(&3]

4 - ? 25}

7 '3 5
: g g 2t

e R i 5 b £ wS -
of the DEM. A common method for determining the cell size of a 151

DEM has been defined by Hu (2003). The grid size of a DEM can be
estimated by: Langridge, et al. 2014

A
5= \/% Sgrt(1m?/4)= 0.5 m/pix (1) :

where s is the estimated cell size (typically in m), n is the number of
sample points and A is the area containing the sample points. The

3 4 5
Points per sg. meter

Mean ~4 shots/sq. m



LASGRID is neighborhood approach for DEM computation

B Ylasgrid - rasters huge LiDAR collections into elevation/intensity/density/... grids

PearsonDemopoints.laz

T hrowse ..

Y

M.

w2017 OT short course
“BorahPeak

WLAaStools

WOldTalks to huild from
“Papers

FearsonDemopoints.laz

wildcard: | *laz add |
directory: | E: 0o |

g

W las | laz ¥ .hin
[ asc [ kil [T .dim
C ASCH files ... +
C filter ... +h
C transfarm ... +p
C projection ... +
C overlays ... +p

LAS version: 1.2
source D

0 created: 258/2017

‘Lastools (c) by rapidlasso GmbH’
laselas (version 140403) + OT”

# of points: 14014140
noint tvoe: 3 ooint size: 34

Digital surface model—all points

lasgrid -i "C:\Users\ramon\Google Drive\
+S_Active_ltems\2017UGS_OT
\PearsonDemopoints.laz" -elevation -average -
odix " _DSM" -otif

— O X

C1jobondcores  +[
" selected file only

+ process all files

[~ merge files into ane

=

appendix: | _|

filename:

,I_ verbose

WIEW |
sample puints:l s000000

pixelistep size:|1

item| elevation

op:| average /-
fill n pixels:

color opti

C subsample i

C_large rasters  +

[~ use hounding hox
[ use tile bounding box
[~ specify size of raster

fzols: I &l 2
FIFE: I 91E

[ specify lower left

13 I
[ I
furmat:l tif |

RUM




Q Untitled - ArcMap @& Untitled - ArcMap
DR Ea B x|o | d-1emw VFErDeds B x|
® & R
File Edit View Bookmarks Insert Selection Geoprocessing Customize Winc Fle Edt View Bookmarks Insent
o x
Table Of Contents o x i
= & K | = 3] @ Server Tools A
e & = B3 Spatial Analyst Tools
= E’//, I_aye[s 2] %1 Conditional
= PearsonDemopoints_DSM.tif [ &y Density
Value [ &y Distance
High : 1598.11 [ & Extraction
[+ &y Generalization
Low: 0 & & Groundwater

[ & Hydrology
[ & Interpolation
& & Local

[+ & Map Algebra
& &y Math

<
£
=
H
[=1)
=
&
-+
m

E3]
”

[ & Neighborhood

& &y Overlay

[ & Raster Creation

[+ &‘ Reclass

[ &y Solar Radiation

= & Surface

"'-r-,{\, Aspect

#., Contour

"rv.\\ Contour List

#., Contour with Barriers

1 #

F

"r-v.\\ Curvature
#, CutFill
#.. Hillshade

Open lasgrid produced 1 m pixel Digital Surface Model
and compute hillshade using Spatial Analyst toolbox

#, Hillshade

Input raster

=l

| PearsonDemopoints_DSM.tif
Output raster

I C:\Users\ramon\Google Drive\+5_Active_Items\2017UGS_OT' \DearsonDemopoinm_DSI*l E’?

Azimuth (optional)

| 315 |
Altitude {optional)
45 |
[] Model shadows {optional)
|2 factor {optional) |
1




LASGRID is neighborhood approach for DEM computation

B Ylasgrid - rasters huge LiDAR collections into elevation/intensity/density/... grids

PearsonDemapoints.laz =

L

C hrowse ...

| filter ... =
hy coordinates:

! A

by classification or return:

| [

by various criteria:
| [
Humker ar value:l @

ADD |

+
=T =T

keep_classification 2

C transfarm ... + [
C projection ... +
C overlays ... +

LAS version: 1.2

source |ID: 0 created: 256/2017
‘Lastools (c) by rapidlasso GmbH’
lasZlas (version 140403 + QT

# of points: 14014140

point type: 3 point size: 34

A 414200.29 4147348

Digital terrain model—ground points

lasgrid -i "C:\Users\ramon\Google Drive\
+S_Active_ltems\2017UGS_OT
\PearsonDemopoints.laz" -keep_classification
2 -elevation -average -odix "' _DTM" -otif

Under filter, select —
keep_classification and
number or value 2;
ADD

- g X

C1jobondcores +[

= selected file only
&+ process all files
[~ merge files into one

output ... —

| i
appendix:l_DTM
ﬂlename:l

[ verbose

WIEW |
sample pnints:l 2000000

pixelistep size:|1

itern| elevation |
op:faverage |

fill n pixels:l 0

C color options  + [

C subsample  +[

C large rasters  + [

[ use bounding hox
[~ use tile bounding box
[ specify size of raster

ncols: | 9le

e
—

rrmss: | 512
[ specify lower left

2
2
format[ti

RUM




Q Untitled - ArcMap
O s B o |- (16362 v 3l 5 B &
Y HHR

Digital terrain model—ground points

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help |
Table Of Contents ax

= = Layers
= PearsonDemopoints_DTM_sh

Value
High : 254

—
W,

Low:0

| PearsonDemopoints_DTM.tif
| (1 PearsonDemopoints_DSM_sh
| [0 PearsonDemopoints_DSM.tif

H EH H

Open lasgrid produced 1 m pixel
Digital Terrain Model and view as

. hillshade. No ground returns
@l ArcToo.. | Bl Table... | @i | o n < under the trees!

£
‘ Results




BLAST2DEM is TIN approach for DEM computation

B Y blast2dem - rasters billions of LiDAR points via a streaming TIN to elevation, intensity. slope, or RGB grids

T hrowse ..

FearsonDemopoints.|az

i
!

“BorahPeak
WLAStools

\Papers

*ém 7 OT short course

WOldTalks to build from

FearsonDemopaints.laz ﬂ
wildcard:l".laz add |
directury:lE:\ 4o |

W las [ laz [+ .hin
[ asc [ kil [T .dim
C ASCI files ... +
C filter ... +
C transfarm ... + [
C projection ... + [
C overlays ... +

LAS version: 1.2

source ID: 0 created: 258/2017
‘Lastools (c) by rapidlasso GmhH’
lasZlas (version 140403) + OT’

# of points: 14014140

point type: 3 point size: 34

Digital surface model—all points (13.4M)

blast2dem -i "C:\Users\ramon\Google Drive\
+S_Active_Iltems\2017UGS_OT
\PearsonDemopoints.laz" -elevation -odix
"blastDSM" -otif

- O X

C1jobondcores  +J

¢ selected file only
= process all files
[~ merge files into one

C output ... +p
[~ verbose

YIEW |
sample pnints:l a000000

step: |1
kill triangles }I 100
item:l elevation |+

¢ actual values
" hillside shading
~ gray ramp
i false colors
[~ setmin max

Imi: I 1]
1f=r I 1]

[ linvert ramp:
[~ use tile bounding box
[~ specify size of raster

oS I al2
FIFES: | aillé

[ specify lower left

il
2
fnrmatzm

RUMN

README | <Q=UIT |




Q Untitled - ArcMap

DaEa -

File Edit
ArcToolbox

=

View Bookmarks

) | - |[1:6.362

Vi EaEEE

R QEN@ 25153 & |-

23] % Server Tools
= & Spatial Analyst Tools
& Conditional
& Density
& Distance
& Extraction
& Generalization
& Groundwater
& Hydrology
& Interpolation
& Local
& Map Algebra
& Math
& Multivariate
& Neighborhood
& Overlay
#: Raster Creation
[+ B Reclass
& Solar Radiation
= & Surface
.r_,\__\b Aspect
#,, Contour
#,, Contour List

.r_,\__\b Curvature
#, CutFill
#, Hillshade

"‘Z% Contour with Barriers

) = | ':'\' 1:1) ::J ::::\
Insert Selection Geoprocessing Customize  Windows  Help
nx
A
v

@ Results -.

‘ArcToo... | Table ... I

Looks good but what is that
white slash?

We exceeded the unlicensed
limit for blast2dem of 5M



We need to tile the data — be sure to make a folder to capture the tiles

B Y lastile - tiles huge amounts of LIDAR points from LAS/LAZ/BIN/ASCII format into square tiles

- O X

FearsonDemapoints.laz
" hrowse ... I
\ Al
N
'2017 OT short course
“BaorahPeak
WLAStools
S00dTalks to huild from
WFapers
FearsonDemaopoints.laz j
wildcard:|*.laz add |
directnry:IE:‘u go I
W las [+ laz [+ .hin
[ asc [ kil [T .dim
C ASCI files ... +
C Afilter ... + [
C transform ... + [
C projection ... +
C overlays .. + 1

Las version: 1.2

source |D: 0O created: 258/2017
‘Lastools () by rapidlasso GmbH’
laselas (version 140403 + OT’

# of points: 14014140

point type: 3 point size: 34

— lastile -i "C:\Users\ramon\Google Drive\

+S_Active_Items\2017UGS_OT
\PearsonDemopoints.laz" -o "tile.laz" -tile_size
250 -buffer 10 -faf -cores 3 -odir "C:\Users
\ramon\Google Drive\+S_Active_Items
\2017UGS_0OT\250m_tiles" -olaz

" 3johs ond cores  — ||
 run 1 job

¢ run & johs

¢~ run 4 johs

¢ run § jobs

¢ run 16 jobs

~ run 32 jobs

¢~ run on all cores
+ run on all-1 caores

i selected file anly
= process all files
[ merge files into one

output ...

. dir: [ C:\Jser
appendix:l
ﬁlename:l

[~ werbose

YIE'W |
sample pnints:| a000000

= create tiling
= remove huffer points
" reverse tiling

—————| " refine existing tiles

v show tiling

hase name:ltile.laz
tile size: | zal
huffer: | 10

[ flag as withheld
Il_: I 1]
ll_y: [0

v files are flightlines

I annlu file ennrea 10




Now let’s blast again

B Y blast2dem - rasters billions of LiDAR points via a streaming TIN to elevation, intensity. slope, or RGB grids

ile_414000_4580750.1az

tile_414000_4531000.1az
tile_414000_4581250.1az
tile_414000_4581500.1az
tile_414250_4530750.1az
tile_414250_4531000.1az
tile_414250_4581250.1az

hrowse ..

tile_414000_4530750.1az
tile_414000_4531000.1az
tile_414000_4581250.1az
tile_414000_4531500.1az
tile_414250_4530750.1az
tile_414250_4531000.1az

_j

wildcard: | laz |
directory: | Eh o |

W las ¥ laz | .bin
[ asc [ kil [T .dim

_I

C ASCH files ... + [
C filter ... +
C transform ... +
C projection ... +
C overlays .. +p

LAS version: 1.2

source ID: 0 created: 258/2017
‘Lastools (c) by rapidlasso GmhH’

‘lastile (170915) unlicensed’
# of points: 254569
point type: 3 point size: 34

Digital surface model—all points

blast2dem -lof file_list.8852.txt -cores 3 -
elevation -odir "C:\Users\ramon\Google Drive\
+S_Active_ltems\2017UGS_OT\250m_DSM" -

otif

- a X

C 3jobs on4 cores +[

¢~ selected file only
= process all files
[T merge files into ane

Cfautit i+ |
[ verhose

VIEW |
sample puints:lSUDUUDU

step: |1
kill triangles :-I 100
item:l elevation j

v actual values
¢~ hillside shading
" gray ramp
- false colors
[ et min mas

i I 1]
r2: I 1]

[ invert rampa:
[T use tile bounding box
[~ specify size of raster

neols: I alé
FIFOWS: I alé

[ specify lower left
[ I
[k I
form at:| tif :I

RUMN

README | <Q=UIT |




Mosaic the tiles (with their buffers) into a seamless DSM in ArcGIS

A[ctoolbox

B Q Data Management Tools
& Archiving
& Attachments
&« Data Comparison
&« Distributed Geodatabase
&« Domains
&« Feature Class
& Features
&- Fields
& File Geodatabase
& General
& Generalization
& Geodatabase Administration
& Geomnetric Network
& Graph
& Indexes
& Joins
& LAS Dataset
&« Layers and Table Views
& Package
&« Photos

= & Raster
& Mosaic Dataset
& Raster Catalog
=] & Raster Dataset
‘-% Copy Raster

#, Create Raster Dataset
#, Download Rasters
#, Mosaic

"Q Mosaic To New Raster

& Projections and Transformations

#, Create Random Raster

#, Mosaic To New Raster

Input Rasters

N <]
C:\Wsersyramon'Google Drivel\+5_Active_Items\2017UGS_OT\250m_DSMitle_4 ~
C:\Usersramon'Google Drive\+5_Active_Items\2017UGS_OT\250m_DsMitile_4
C:\Usersramon'Google Drive\+5_Active_Items\2017UGS5_OT\250m_DsMitile_4
C:\Usersramon'Google Drive\+5_Active_Ttems'\2017UGS5_OT\250m_DsMitile_4
C:\Usersramon'Google Drive\+5_Active_Ttems'\2017UG5_OT\250m_DsMitile_4
C:\Usersramon'Google Drive\+5_Active_Items'\2017UG5_OT\250m_DsMitle_4
C:\Wsersramon'Google Drive\+5_Active_Items\2017UGS_OT\250m_DsMitile_4
C:\Wsers\ramon'Google Drive\+5_Active_Items\2017UGS_OT\250m_DsMitile_4 e

4= (= (x| |4 B

>

dutput Location
| /C:Wsers\ramon\Google Drive\+5_Active_Items\2017UGS5_OT\250m_DSM

aster Dataset Name with Extension
250m_DSM_mosaic. tif \

Spatial Reference for Raster (optional)

| Ny

Pixel Type (optional)
| 32_BIT_FLOAT v

Cellsize (optional)

Mumber of Bands

Muosaic Operator (optional)

| LasT v

Maosaic Colormap Mode (optional)

| FIRST v
QK Cancel Environments... << Hide Help

Mosaic To New Raster

Mosaics multiple raster datas

Load all the tiles
with a shift-

select

These do
matter

Tool Help



Visualize the seamless DSM in ArcGIS as a hillshade

@ Untitled - ArcMap
OBES LR x| 9 > b |[168 Vi EEEEE
RQA M@kl |KE- L
Pl ol S | R R e

File Edit View Bookmarks Insert Selection Geoprocessing Customize  Windows  Help

ArcToolbox 1 x
= & Spatial Analyst Tools A
& Conditional
& Density

& Distance
& Extraction
& Generalization
& Groundwater
& Hydrology
& Interpolation
& Local
& Map Algebra
& Math
& Multivariate
& Neighborhood
& Overlay
& Raster Creation
& Reclass
& Solar Radiation
= & Surface
#, Aspect
“‘;\“ Contour
ﬁ% Contour List
‘g% Contour with Barriers
#,, Curvature
#, CutFill
#, Hillshade
‘g% Observer Points W

@Results(ﬁmﬂoo... '|'Table... | B| & un ¢




Now let’s blast again

B " blast2dem - rasters billions of LIDAR points via a streaming TIN to elevation, intensity. slope, or RGB grids

ile_414000_4580750 1az ﬂ
file_414000_4551000.1az
file_414000_4581250.1az
file_414000_4581500.laz
file_414250_4580750.1az
file_414250_4581000.1az

tile_414250_45812a50.1az J
hrowse ... —i
—
M.

tile_414000_4580750.1az
tile_414000_4581000.1az

tile_414000_4531250.1az

tile_414000_4551500.1az
tile_414250_4550750.1az
tile_414250_4551000.1az ﬂ

wildcard: | *laz add |
directory: | E* 4o |

v las [ laz [ .hin

[ asc [ kil [ .dtm
C ASCIH files . +

© filter .. —i
hy coordinates:

! [

by classification or return:

I [
hy various criteria:
| [
numkber ar yalue: | 2
£DD |

keep_classification 2

Digital terrain model—ground points

blast2dem -lof file_list.3140.txt -cores 3 -
keep_classification 2 -elevation -odir "C:\Users
\ramon\Google Drive\+S_Active_Items
\2017UGS_OT\250m_DTMv2" -otif

Under filter, select —keep_classification
and number or value 2; ADD

— O X

C 3jobs on4cores +|

= selected file anly
= process all files
[~ merge files into one

C CButit i+ |
[~ verhose

VIEW |
sample puints:l a000000

step:|1
kill triangles :=-| 100
item:leleuatinn j

f+ actual values
= hillside shading
" gray ramp
- false colors
[~ setmin mas
tit: | 0

fas: | 0
[T inwert ramp:
[T use tile hounding hox
[ specify size of raster
ncols: | 51E

1

'E

mrowvs: | 512

[ specify lower left
[
”!5.1'1

furmat:l tif j

RUM

|1

README | <Q=UIT |




Visualize the seamless DTM in ArcGIS as a hillshade
°Untitled - ArcMap

DEES L EHR x|9 | d-|[18%8 V] EEE S
®a @@« - (mosaic as we did for the DSM)
P Sl R | RS e

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Arcloobox __ ik
& Hydrology ~
& Interpolation
& Local
& Map Algebra
& Math
& Multivariate
& Neighborhood
& Overlay
& Raster Creation
& Reclass
& Solar Radiation
= & Surface

«% Aspect
#, Contour
#,, Contour List
#,, Contour with Barriers
& Curvature
#, CutFill
#., Hillshade
#., Observer Points
«% Slope
#, Viewshed
#,, Visibility
& Zonal
&9 Spatial Statistics Tools
‘ Tracking Analyst Tools >
<
@ Results l i ArcToo... l Table ... J




DEMs in ArcMap and ArcScene

Basic visualization and colorization

Point and profile measurements

Raster Math (difference and conditional)
Canopy

3D viewing in ArcScene



Raster math!

> . “
= &P Spatial Analyst Tools \ Raster Calculator
% Condltlonal Map Algebra expression
% DEﬂSlt}r’ Layers and variables A Conditional "
& Distance < 250m_DTM_mosaic_SHD.TIF I Con
& Extraction <> 250m_DTM_mosaic. TIF LA |l | el S | A
o < 250m_DSM_mosaic_shd. tif al[s[se|[=][5[5=] ]| et
% Generalization <> 250m_DSM_mosaic. if Math
% Groundwater <> PearsonDemopointsblastDSM_shd. tif 12 (3 - <= = || abs
0PearsonDemopointsblasﬂ)SM.ﬁf Exp
% H}*d rology <> PearsonDemopoints_DTM_shd. tif e 0 ' | R " ceman v
% InterpOIatlon "250m_D5SM_mosaic, tif™ - "250m_DTM_mosaic, TIF"
& Local
E] % Map A'QEbra Qutput raster
K Raster Calculator | C:\Usersiramon'Google Drive\+5_Active_Items\2017UGS5_OT heightmodel _1m. tif | @
) NEW _ OLD _
NEW DEM ( DEM ~DEM = 0°P
Note that is the beginning of other sorts
of topographic differencing
OLD DEM

e.g., Morphological sediment budgeting

http://www.joewheaton.org/



Simple Canopy Height Map
Q Untitled - ArcMap
NDEE& L08R x| 9 | b-[[16386 v|[3]|§]E
RN @Il e«= (K-

K

H1 =0 SR ) | [EE R | ]
IAMDER BB SR

File Edit View Bookmarks |Insert Selection Geoprocessing Customize  Windows Help l:..
Table Of Contents I x
0S8

= = layers

= heightmodel_1m.tif

Value
High: 43.75

Low : -2.59009

230m_DTM_mosaic_SHD.TIF
O 2530m_DTM_mosaic.TIF

[ 2530m_D5M_mosaic_shd.tif
O 250m_DSM_mosaic.tif

[0 PearsonDemopointsblastDSM
[0 PearsonDemopointsblastDSM
[0 PearsonDemopoints_DTM_sh
[ PearsonDemopoints_DTM.tif
[0 PearsonDemopoints_D5SM_sh
[ PearsonDemopoints_DSM.tif

< >
| & Results | [@] ArcToo... | =] Table ... |] B| & o ¢




'f\ Raster Calculator

Canopy higher than 1 m

Map Algebra expression

Con: Performs a conditional if/

Layers and variables
< heightmodel_im. tif

< 250m_DTM_mosaic. TIF
<> 250m_DSM_mosaic_shd. tif
<> 250m_DSM_mosaic, tif
<> PearsonDemopointsblastDsM_shd. tif
<> PearsonDemopointsblastDsM, tif

Really powerful

else evaluation on each of the®
O 2smom_messic_sio e iNPUt cells of an input raster. L | |

Conditional L

Con
Pick

Sethull

Math

Abs

Exp

Cuemdi

Con("heightmodel_1m. tif™ == 1, heightmodel_1m.tif")

Layer Properties X

General Source Key Metadata Extent Display Symbology
Show:

tretch values along a color ramp
Unique Values rS ‘ & ‘ |
Classified
"
Discrete Color
Color Value  Label | Labeling
I 4375
T [Low:1 |
Calr e | e
[[pisplay Background Value: 0 as |-
[use hillshade effect Zi 1 Display NoData as ]|+
Stretch
Type: Standard Deviations v Histograms
n [Jinvert
gy I
About symbaloay [ Apply Gamma Stretch: 1 v

Properties-> Symbology ->
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