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Point clouds and DEMs

1. Download tahoe.las
2. Openin CloudCompare

— Increase point size, color by different scalar fields,
select ground returns

— Tools-Projection-Rasterize

Lasview (right click to change functions)

| 2SINTO (asinfo - "causers\ramon\pesktop\Tahoepoints.ias" -odir "CA\Users\ramori\Desktop o “tahoe.xt’)
Lasboundary (output file format kml)

| as2txt

A A e




Cloud Compare

@ CloudCompare v2.6.0 [64 bits] - [3D View 1] - X
© File Edit Tools Display Plugins 3D Views Help o
X 8 = » p ¥ & B P | L I %= F O W + & 9 o M e & Remove filter  Blur (shader) =

w B 4

DB Tree )

v[] iy Tahoepoints.las (C:/Users/ramon/Desk...

- He Tahoepoints - Cloud
pe )
+
[ Camera Link

E
+' Properties s
a Property State/Value ()
~  Colors Scalar field
N X: 177.01
[ Boxdim..Y: 116.61
3 Z: 43.47
= X: 177.725
" Box cen... Y: 39,825

Z:1958.8
H Info Object I1D: 13 - Children: 0

Current ... 3D View 1

B Points 189,884
Global s... (-756000.00;-4312400.00;0.00)
© Global s... 1.000000

Point size 4
Count 9
Active Classification
Console & x
|06:14:28] [1/0] File 'C:/Users/ramon/Desktop/Tahoepoints.las’ loaded successfully A

[06:14:28] [VBQ] VBO(s) (relinitialized for cloud 'Tahoepoints - Cloud' {2.72 Mb = 100.00% of points could be loaded) v



ASPRS Standard LIDAR Point Classes

Classification Value (bits | Meaning

0:4)

0 Created, never classified

1 Unclassified®

2 Ground

3 Low Vegetation

4 Medium Vegetation

5 High Vegetation

6 Building

7 Low Point (noise)

8 Model Key-point (mass point)
9 Water

10 Reserved for ASPRS Definition
11 Reserved for ASPRS Definition
12 Overlap Points?

13-31 Reserved for ASPRS Definition

http://www.asprs.org/a/society/committees/standards/asprs_las_format_v12.pdf




4 CloudCompare v2.6.0 [64 bits] - [3D View 1]

- File Edit Tools Display Plugins 3D Views Help

o ! % o 3 - '8 =z N 3 - + © C M e & Remove filter  Blur (shader) g‘l’: e * 5 w
SEies g Segmentation [ON] (polygonal selection)
v | Tahoepoints.las (C:/Users/ramon/Desk.. Left click: add contour points / Right click: close
= ' Tahoepoints - Cloud.remaining
Ll
+
L
+"
aQ
(1]
[ Properties s
Property State/Value =
Mame Tahoepoints - Cloud.remaining
@ Visible
B Show n... []
Colors Scalar field
X 177.01
Box dim... ¥: 116.61
Z:4347
X 177.725 PO SN 2L e PSS SAR SR P R L ey

Use the scissor tool for segmentation



B lasview - just a little LAS viewer

hrowse ...

L]

h,
h.
SLAStools

ahoepoints. las

wildcard:l*.laz add
directnry:lE:‘u o |

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

Las version: 1.2

source ID: O created: 260/2013
‘Lastonls (c) by Martin lsenburg®

Terrascan + OT°
# of points: 133534

point type: 1 point size: 28

— O X
¢ selected file anly
+ process all files
[~ verbose
C render only + [
C calar by + [
T window size + [

WIEW |

sample points:[ 5000000

[ files are flightlines

[~ apply file saurce 1D

cnncauity:lﬁ[l

README | <Q=UIT |




| B just a little LAS and LAZ viewer —

Pan

= 5

S

L e N :
P i :r;‘ o %}-m. P
e S R e




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

ahoepoints.las -

" hrowse . -
I3 =]
h.
wLAStools

ahoepoints.las

-

wildcard:l*.laz ardd
directnry:lE:‘a ]! |

W las [ .laz [ .hin
[ asc [ kil [T .dtm

L ASCH files ... + |
C filter .. + |
C transfarm ... + |
T projection . + 7
C overlays .. +

LAS version: 1.2

source 1D: 0 created: 26042013
LAStonls (c) by Marin Isenburg’
Terrascan + 0T

# of points: 1835654

point type: 1 point size: 23

- O X

C 1jobondcores  +J

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

C YRR i+ p
[~ verbose

VIEW |
sample points: [ 5000000

C output options +

[~ do not parse points
[T compute paint density

C progress +
C histogram +

[" repair counters
[ repair hounding hox

C file source id +p

C creation date +

C system identiier  +]

C generating software + |
C bounding box +

WaRMIMG (may corrupt)
C global encoding + |

C wersion +F

L header size +

C scale factar + |

T offset + 7
R




! lasboundary - computes the exact boundary polygon for massive amounts of LiDAR points

ahoepoints.las
" hrowse ... — |
i =
.
WLaStools
ahoepoints.las
wildcard:l*.laz add
directnry:lE:‘n o |
W las [+ laz |+ .hin
[ .asc [ kil [ .dtm
C ASCIH files ... + |
C filter .. +
C transform ... +
C projection .. +
C overlays .. +
LAS version: 1.2
source ID: 0 created: 260/2013
‘Lastools (o) by Martin [senburg’
TerraScan + OT'
# of points: 153564
point type: 1 point size: 26

- O X

C1jobondcores +[
i~ selected file only

v process all files

[~ merge files into one

C aoutput .. +
[~ verbose

VIE'W |
sample pnints:IEDEIEIEIEIEI

¥ uze points

" use bounding hox

= use tile bounding hox
¢ use LAX infarmatian

cuncauity:lﬁ[l
[~ holes
[ disjoint
[T conves hull

outp ut:l kil 5

RUM

README | <Q=UIT |




B! las2txt - turns LiDAR into human-readable, easy-to-parse ASCI| - O X

C 1jobondcores +[
" selected file anly

v process all files

[T merge files into one

ahoepoints.las

output ... =
= .| dir[chuser
— appendix:l
_browse =7 filename: [tahoept] |
:. = [ verhose
HL.ﬁ.Stnnls

WIEW |
sample pnints:IEDDDDDD

W ()

W ()

W (z)

[ (ntensity

[ (neturn number
[ (mumber of returns
[ scan (diirection
[ (eddge of flight line
[ (cilassification

[ scan (aingle

ahoepoints.las

-

wildcard:l*.laz add
directnry:lE:‘u ]| |

W las [# laz | .hin
[ .asc [ kil [T .dim

d
ASC files .. +f I (ujser data
C fiter £ [ (pioint source [n]
[T GPS (fime

C transform .. + | [~ (RGB) color
L projection ... + [ (wiave packet index
] [ (W)iave packet

overlays .. +J [ wai’e farm

LAS version: 1.2 C affributes .. + |

source |D: 0 created: 26052013 parse string:lxyz

‘LAaStools (c) by Marin [senburg’
TerraScan + OT separatnr:l space |

# of points: 1895384 [ include header

nnint tune: 1 Anint cize- 28 ratammantl nannd = |




Point clouds and DEMs

7. las2las
Datum and projection

http://geology.isu.edu/wapi/geostac/Field Exer
cise/topomaps/ref datum.htm

http://geology.isu.edu/wapi/geostac/Field Exer
cise/topomaps/utm.htm

http://geology.isu.edu/wapi/geostac/Field Exer
cise/topomaps/state plane.htm



http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/ref_datum.htm
http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/ref_datum.htm
http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/utm.htm
http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/utm.htm
http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/state_plane.htm
http://geology.isu.edu/wapi/geostac/Field_Exercise/topomaps/state_plane.htm

California State Plane
Coordinate System

: / Lake Tahoe




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

Tahoepoints.las

L browse ... +J
C filter .. +J
T fransform .. +f
" projection ... —|i
[ state plane NADB3 E

zone f name: |CA_|| .i

¥ northern hemisphere

false easting: [0
false northing: [
units: | meter ,l

cemter g [0_

rat origin lat

IU
lstietd paraliel: [0
end st parallel: [0
scalefator: [0

datur: [~ ]

elevation units: [meter ]
verical datum: Iﬁ

- X

C 1jobondcores +|

¢ selected file only
& process all files
[ merge files into one

C output ... +J
™ verbose

YIEW I
sample pOil‘IB:]SEIUIJUUEI

[~ files are flightlines
[" apply file source D

options:
1 ]
numberfualue:lﬁ
I

ADD

C_target projection ... +F
fnrmai:l las _'I

RUN

README | <QsUIT |

LICENSE |
LAStools (c) 2016
= 0pen license =

Reset  Rotate

by hartin Isenburg
{version 1603283)

pick loyver |eft x;IO uppet right x:ll.’l uze souare tile |

dizable | lower lef y;lO uppet right y:l 1] tile size;lmtln

S clip input
v \,\/ {
Move Zoom

selected file: C:AUsersiramomiDeskiop\Tahoepoints.las

GeoKeyDirectoryTag version 1.1.0 number of keys 4
key 1024 tiff tag location O count 1 value_offset 1 - GTModelTypeGeoKey: ModelTypeProjected
key 3072 tiff_tag location O count 1 value_offset 26942 - ProjectedCSTypeGeoKey: NAD83 / California

zone 2

key 3076 tiff_tag_location O count 1 value_offset 9001 - ProjLinearUnitsGeoKey: Linear_Meter

key 4099 tiff _tag_location O count 1 value_offset 9001 - VerticalUnitsGeoKey: Linear_Meter



Point clouds and DEMs

8. Lecture burst on generating DEMs from points

9. Lasgrid point density (view .tif in ArcMap)
10. Lasgrid DEM

11. blast2dem

Discuss tiling workaround






* 1 meter grid

* LiDAR returns from
EarthScope data
collection

e Example from flat area
with little or no
vegetation so ground is
sampled approx. 5+ times
per square meter

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

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

1 meter

L



Generating DEMs from LIDAR

resampling
i 3 i— I
o Ib; : |:
| e 5
v«.f“%ﬁ.u‘; SHRUAR S - - e ik = :;
LIDAR points j SiEEEn SRR raster DEM
I ll__ H E
triangulating ' i'ﬁ T interpolating
temporary TIN

Isenburg, et al., 2006



Interpolation Methods

Inverse Distance Weighting (IDW)
Natural Neighbors : o
Kriging o o F I o

© o
Splines |? ° 1
TIN

liInear °

quintic ° o

o o (4

—

° © ® o - 0
| Isenbu'rg, et al., 2006




DEM Generation via TIN Streaming

Immediate
Rasterization output final DEM
of Streaming to disk
TIN ———

OoO00o00000000000000000O0000O.
DDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDDD
EEEEREROOOO0O0O0O0O0O0O0OO0OOOO0O0
DDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDDDDDDDDDDD
IIIIIIIIIIIIIIIIIIIIIIIII

llllllllllllllllllllllll
OOoOO0OEEEEEEEEN li:l!&ﬁﬂﬂﬂﬂ
OOOOOCOEEEEEEEEENEEENOOOCOO
00000000000 NEEEENEER =ll
00000000000 NS EEEEEEEEED
OO0000000000000NEEEEEOR0O0

™ — —

store elevation rasters
to temporary files

(grouped by rOWS) Isenburg, et al., 2006



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)
2 1\
LIDAR points - | raster DEM

o on a household laptop with two harddisks =
o In 67 minutes o
o 64 MB of main memory «©
0 270 MB temporary disk space «©

Isenburg, et al., 2006



B lasgrid - rasters huge LIDAR collections into elevation/intensity/density/... grids

ahoepoints.las

" hrowse .. -
. =
h.
SLAStools
ahoepoints. las
wildcard: I " laz add

diren:tn:ury:IE:‘u go |
v las | laz [ .hin
[ .asc [ .hil [ .dim

C ASCIH files .. +p
C filter .. +p
C transfarm ... + |
C projection . +
C overlays .. +

LAS wersion: 1.2

source 1D: 0 created: 26052013
Lastools (c) by karin [senburg”
Terrazcan + OT°

# of points: 189654

point type: 1 point size: 28

— O X

C 1jobondcores +[

¢ selected file anly
= process all files
[ merge files into ane

L output +
[~ verbose

WIEW |
sample pDintE:lEDEIEIEIEIEI

pixel/step size:|1

item| point_density 7

opflowest -]

fill n pixels:lﬂ

C color options  +

C subsample + 7

C large rasters 4+

[ use bounding hox
[ use tile hounding hox

[ specify size of raster
nculs:lT
nrnws:lT

[ specify lower left

2
EE—

[k

form at:l if j

RUM

README | <@=UIT |




Q Untitled - ArcMap

File  Edit ‘iew Insert

)

yers

Bl Tahoepoints.tif

Value

High : 42

Low: 1




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

- of the DElV[ A common method for determlmﬁg the cell size of a
DEM has been defined by Hu (2003). The grid size of a DEM can be
estimated by: Langridge, et al. 2014

A
S = \[ﬁ 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

Frequency

ha
(&3]

]

_—
m

3 4 &
Foints per sq. meter

Mean ~4 shots/sq. m



| E} lasgrid - rasters huge LiDAR collections into elevation/intensity/density/... grids

ahoepoints.las =
" hrowse .. -

5 =

b

WA Stools

ahoepoints.las

wildcard:l*.laz add

direc:tnry:IE:‘a go |

W las [ laz [« .bin

[ asc [ kil [ .dim

C ASCIH files .. + [

C Ailter .. +
C transform ... +
T projection ... +
T overlays .. + 7

Las wersion: 1.2

source |D: 0O created: 260/2013
Lastoals (c) by Marin lsenburg’
Terrascan + OT

# of points: 153554

maint Bl 1 maint cisa rl=]

LASGRID is neighborhood approach

- O X

C1jobaon4cares 4+

i selected file only
i+ process all files
[~ merge files into ane

output ..

| dir:IC:‘\Llser
appendix:l
ﬂlename:ltahnegrim

[ verbose

WIEW |
sample points:[ 5000000

pixelfstep size:|1

item|e|evatinn 5

np:l average |
fill pixels:lﬂ

C colar options 4+ [

C sybsample  +J

C large rasters  + [0

[ use bounding box

[ use tile bounding box

[ specify size of raster
ncnls:|512
nrnws:|512

[ specify lower left

{13

[ I
fn:nrmat:l tif j

RUM

)









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

— O X

ahoepoints.las =
hrowse ... — |
", B
.

WLAStools

ahoepoints.las

wildcard:l*.laz ad
directnry:lE:‘u

W las [ laz [+ .hin

[~ .asc [ kil [ .dim
C ASCIH files .. + |

A

© filter —
by coordinates:

| [

by classification or return:

| [

by warious criteria:

| H
number o value:IZ

ADD

P::.EEe 1 clagsification 2

C1jobondcores  +[

" selected file only
e process all files
[T merge files inta one

output ..

| dir:IC:‘uLlser
appendix:l
ﬂlename:ltahnegrim

[~ werbose

WIEW |
sample points:[ 5000000

pi=elfstep size:|1

itern| elevation -
opf average -

fill n pixels:l[l

C color options  + 2
C subsample  +[f

C large rasters  + [0

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

nealE | 5le

e
o

Hrmss: | 512
[ specify lower left

s
2
format{ir 5|

RUM










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

ahoepaints.las -

" hrowse .. -
h, =
b
WLaStools

ahoepoints las

wildcard:lrﬂl
drectory:[Ex go |
v las [ laz ¥ .hin
[ asc [T kil [T .dim

C ASCI files .. + [
C filter . +p
C transform .. +
C projection .. + 7
C overlays .. +

Las version: 1.2

source |D: O created: 260/2013
‘Lastools (o) by karin [senburg’
Terrascan + OT°

# of points: 153354

point type: 1 point size: 24

BLAST2DEM is TIN approach

— O X

C 1jobaondcares  +[

" selected file only
v process all files
[T merge files into ane

output ..

| dir:IC:\Llser
appendix:l
filename: Itahne1 mbla,

[~ verbose

VIEW |
sample pnints:IEDDEIEIEIEI

step:|1
kill triangles :-|1IZIIZI
item:leleuatinn j

fv actual values
i hillside shading
 gray ramp
(" false colors
[ | set min mas

min:IEI
max:l[l
[T inpert ramp:
[ use tile hounding box

[ specify size of raster

ncols: | alé
IO S: | alé

[ specify lower left

2
2
fnrmat:lm










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

ahoepoints.las st
" hrowse . -

h I~

.

WA Stools

ahoepoints.las

wildcard:l*.laz ad
directnry:lE:\

W las [ laz |V .hin

[ asc [ .hil [ .dim
L ASCI files .. +

ERN

C filter . — |
by coordinates:

| [

by classification or return:

| [

by various criteria:

| E
Aumber or value:l &

DD |

- d X

C1jobondcores +[

 zelactad file anly
= process all files
[T merge files into one

output ...

| dir:IC:‘uLlser
appendix;l
filename: Itahne1 mhla,

[~ werbose

VIEW |
sample points:[ 5000000

step:|1
kill triangles :-|1EIEI
item:leleuatinn j

v actual values
¢ hillside shading
£ gray ramp
 false colors
[T set min mas

min:IIZI
max:llil
[ linvert ramp:
[ use tile bounding box

[ specify size of raster

fcols: I ale
FIF s E: I ale

[T specify lower |eft

2
A
format{tir |










DEMSs in ArcMap

Basic visualization and colorization

Point and profile measurements

Raster Math (difference and conditional)
Canopy

3D viewing in ArcScene



,r‘% Raster Calculator

Map Algebra expression

Layers and variables

Conditional ~
Ctahoeblastlm. tif Con
< tahoeblastlmshd. tif 7 81 9 I === & ||Pick
Ctahoeblastlmclass?. tif SetNull
Ctahoeblastimclass2shd. tif 4 5 6 * > 2= | Math
1 ll2 |3 || -] <|l=| ~|"
Exp
Exp10
0 . + -
( ) Fxn2? v
"tahoeblastim.tif" - "tahoeblastlmclass2. tif"
Qutput raster
C:\Users\ramon\Desktop\canopy.tif =)

NEW DEM ( rF DEM ~ DEM

Note that is the beginning of other
sorts of topographic differencing
e.g., Morphological sediment
budgeting

Y |

‘éﬁﬂ""‘ ng Fluvial Geomorphology & Ecohydraulics

http://www.joewheaton.org/

Y




) . Raster Calculator

Map Algebra expression

Layers and variables Conditional
<canopy. tif Con
Ctahoeblastim. tif 7 8 9 / == 1 l= & Pick
<tahoeblastimshd.tif SetNull
Ctahoeblastimclass2.tif 4 5 6 * > S | Math
Ctahoeblastimclass2shd. tif Abs

1 2 3 - < <= A
Exp
0 . . ( ) . | EBExpl0
Fxn?

Con("canopy.tif* == 1,"canopy.tif")

Qutput raster

C:\Users\ramon\Desktop\canopygel.tif

Con: Performs a conditional if/else evaluation on each of the input cells of an
Input raster.

Really powerful!!!




&) Untitled - ArcScene
File Edit View Bookmarks Selection Geoprocessing Customize Windows Help

DBE6 +LiEx| 0 ¢ EEERI0 ¢~ ae QANQE- U k @H N ZT @y
[ tahoeblastimclass2tif v | 2 45 &
Tabl itents. rx

’ " -
88
=7 Scene layers
=] tahoeblastimclass2.tf
Yalue

I High : 193698

“Low: 1937.09

ArcScene Properties tabs:

Symbology—change colormap

Rendering
General Source  Estent Display  Symbology Base Heightz  Rendering
Elevation from surfaces

Shade areal features
High quality enhancement
() Mo elevation walues from a surface
(®) Floating on & custom surface:

| CUsersiramaniDeskiopitahoeblast imclassz2 ki




o Untitled - ArcScene

File Edit View Bookmarks Selection Geoprocessing Custornize  Windows Help

DRBES +AEx 90| EEFE0 R @~¢ae QQ Q-

:E;’ tahoeblastimclass2.uf Ll y@: S |
Table of Contents ax

| Al

NOEMIZITIS

)

%8 &

=4 Scene layers

= cahopygel.tif

Walue
I High : 35,3193

Lo

= @ tahoeblastlmclass2.tif

Yalue
I High : 1956.98

"Low: 1937.09

ArcScene Properties tabs:
Symbology—change colormap

General Sowce Estent Display Symbology Base Heights  Rendering

Elevation fram surfaces

() Mo elevation values From a surface

(®) Floating on a custom surface:

CUsersiramontDeskiopitahosblast 1m.kif

Rendering
Shade areal features
High quality enhancement
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