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2003	NSAF	6’	TIN	DEM	



2013	Sonoma	6’	TIN	DEM	



LAStools:	hSps://rapidlasso.com/lastools/	
	
Combina=on	of	open	source	and	commercial	soVware.	
	
Stand	alone	GUIs,	command	line	tools,	ArcGIS,	QGIS,	ERDAS	Image	toolboxes	



Point	clouds	and	DEMs	

1.  Download	2013points.laz	
2.  Lasview	(right	click	to	change	func=ons)	
3.  Lasinfo	(lasinfo	-i	"C:\Users\ramon\Desktop\Tahoepoints.las"	-odir	"C:\Users\ramon\Desktop"	-o	

"tahoe.txt“)	

4.  Lasboundary	(output	file	format	kml)	
5.  Las2txt		
6.  LAS2LAS	-	filtering	(-keep_class);	projec=ons	
7.  LASground	



LASview	–	simple	point	cloud	viewing	





LASinfo	–	what’s	in	my	LAS/LAZ	file?	



repor=ng	all	LAS	header	entries:	
		file	signature:													'LASF'	
		file	source	ID:													0	
		global_encoding:												1	
		project	ID	GUID	data	1-4:			00000000-0000-0000-4F53-4F4E0000414D	
		version	major.minor:								1.2	
		system	iden=fier:										'LAStools	(c)	by	Mar=n	Isenburg'	
		genera=ng	soVware:								'las2las	(version	120628)'	
		file	crea=on	day/year:					120/2016	
		header	size:																227	
		offset	to	point	data:							1300	
		number	var.	length	records:	3	
		point	data	format:										3	
		point	data	record	length:			34	
		number	of	point	records:				4735481	
		number	of	points	by	return:	4288133	389741	54520	3087	0	
		scale	factor	x	y	z:									0.01	0.01	0.01	
		offset	x	y	z:															0	0	0	
		min	x	y	z:																		6211604.43	1946923.89	81.56	
		max	x	y	z:																		6213674.87	1949335.93	871.26	
variable	length	header	record	1	of	3:	
		reserved													43707	
		user	ID														'LASF_Projec=on'	
		record	ID												34735	
		length	aVer	header		64	
		descrip=on										'GeoTIFF	GeoKeyDirectoryTag'	
				GeoKeyDirectoryTag	version	1.1.0	number	of	keys	7	
						key	1024	=ff_tag_loca=on	0	count	1	value_offset	1	-	GTModelTypeGeoKey:	ModelTypeProjected	
						key	1025	=ff_tag_loca=on	0	count	1	value_offset	1	-	GTRasterTypeGeoKey:	RasterPixelIsArea	
						key	1026	=ff_tag_loca=on	34737	count	39	value_offset	0	-	GTCita=onGeoKey:	NAD83(HARN)	/	California	
zone	2	(VUS)	
						key	2049	=ff_tag_loca=on	34737	count	12	value_offset	39	-	GeogCita=onGeoKey:	NAD83(HARN)	
						key	2054	=ff_tag_loca=on	0	count	1	value_offset	9102	-	GeogAngularUnitsGeoKey:	Angular_Degree	
						key	3072	=ff_tag_loca=on	0	count	1	value_offset	2871	-	ProjectedCSTypeGeoKey:	NAD83(HARN)	/	California	
zone	2	(VUS)	
						key	3076	=ff_tag_loca=on	0	count	1	value_offset	9003	-	ProjLinearUnitsGeoKey:	Linear_Foot_US_Survey	

variable	length	header	record	2	of	3:	
		reserved													43707	
		user	ID														'LASF_Projec=on'	
		record	ID												34737	
		length	aVer	header		51	
		descrip=on										'GeoTIFF	GeoAsciiParamsTag'	
				GeoAsciiParamsTag	(number	of	characters	51)	
						NAD83(HARN)	/	California	zone	2	(VUS)|NAD83(HARN)|	
variable	length	header	record	3	of	3:	
		reserved													43707	
		user	ID														'liblas'	
		record	ID												2112	
		length	aVer	header		796	
		descrip=on										'OGR	variant	of	OpenGIS	WKT	SRS'	
LASzip	compression	(version	2.1r0	c2	50000):	POINT10	2	GPSTIME11	2	RGB12	2	
repor=ng	minimum	and	maximum	for	all	LAS	point	record	entries	...	
		X											621160443		621367487	
		Y											194692389		194933593	
		Z																8156						87126	
		intensity											0								238	
		return_number							1										4	
		number_of_returns			1										4	
		edge_of_flight_line	0										0	
		scan_direc=on_flag	0										1	
		classifica=on						1										7	
		scan_angle_rank			-17									16	
		user_data									117								134	
		point_source_ID		5333							5340	
		gps_=me	67452811.791205	67455847.866464	
		Color	R	1024	65280	
								G	2048	65280	
								B	1280	65280	
number	of	first	returns:								4288133	
number	of	intermediate	returns:	57649	
number	of	last	returns:									4287713	
number	of	single	returns:							3898014	
overview	over	number	of	returns	of	given	pulse:		
3898014	670700	154429	12338	0	0	0	
histogram	of	classifica=on	of	points:	
									1427491		unclassified	(1)	
									1722512		ground	(2)	
									1355413		high	vegeta=on	(5)	
												2265		building	(6)	
										227800		noise	(7)	

LASinfo	–	header	and	content	report	



hSp://www.asprs.org/a/society/commiSees/standards/asprs_las_format_v12.pdf	



LASvalidate	–	Do	my	LAS	files	conform	to	the	specifica@on?	

FAIL!	=	2003	dataset	delivered	as	ascii,	converted	to	LAS		



6212037.34 1946924.39 113.81 83 1 2 2 21760 22016 17152 
6212037.83 1946924.65 114.11 41 1 2 2 22016 22528 17408 
6212038.91 1946925.17 114.63 11 1 2 2 22528 22528 17408 
6212037.93 1946924.06 122.15 15 5 2 2 25344 26368 20736 
6212038.88 1946924.68 120.34 6 5 2 2 21504 21504 16640 
6212040.52 1946925.53 120.41 2 5 2 2 31744 33024 25600	

E 	 	N 	H	
Intensity	

Class	
Return	#	

#	of	returns	

R	 	G 	B	

LAS2txt	–	points	in	ascii	



LAS2txt	–	generate	
outline	of	file	(or	group	
of	files)	



Point	clouds	and	DEMs	

Datum	and	projec=on	
hSp://geology.isu.edu/wapi/geostac/
Field_Exercise/topomaps/ref_datum.htm	
hSp://geology.isu.edu/wapi/geostac/
Field_Exercise/topomaps/utm.htm	
hSp://geology.isu.edu/wapi/geostac/
Field_Exercise/topomaps/state_plane.htm		





ORIGINAL	FILE:		
						key	1024	=ff_tag_loca=on	0	count	1	value_offset	1	-	GTModelTypeGeoKey:	ModelTypeProjected	
						key	1025	=ff_tag_loca=on	0	count	1	value_offset	1	-	GTRasterTypeGeoKey:	RasterPixelIsArea	
						key	1026	=ff_tag_loca=on	34737	count	39	value_offset	0	-	GTCita=onGeoKey:	NAD83(HARN)	/	California	zone	2	(FUS)	
						key	2049	=ff_tag_loca=on	34737	count	12	value_offset	39	-	GeogCita=onGeoKey:	NAD83(HARN)	
						key	2054	=ff_tag_loca=on	0	count	1	value_offset	9102	-	GeogAngularUnitsGeoKey:	Angular_Degree	
						key	3072	=ff_tag_loca=on	0	count	1	value_offset	2871	-	ProjectedCSTypeGeoKey:	NAD83(HARN)	/	California	zone	2	(VUS)	
						key	3076	=ff_tag_loca=on	0	count	1	value_offset	9003	-	ProjLinearUnitsGeoKey:	Linear_Foot_US_Survey	
	
AFTER	LAS2LAS:	
						key	1024	=ff_tag_loca=on	0	count	1	value_offset	1	-	GTModelTypeGeoKey:	ModelTypeProjected	
						key	3072	=ff_tag_loca=on	0	count	1	value_offset	26910	-	ProjectedCSTypeGeoKey:	NAD83	/	UTM	10N	
						key	3076	=ff_tag_loca=on	0	count	1	value_offset	9001	-	ProjLinearUnitsGeoKey:	Linear_Meter	
						key	4099	=ff_tag_loca=on	0	count	1	value_offset	9001	-	Ver=calUnitsGeoKey:	Linear_Meter	

LAS2LAS	–	projec@ons,	
filtering,	clipping	



Vendor	classificaPon:	
histogram	of	classifica=on	of	
points:	
1427491		unclassified	(1)	
1722512		ground	(2)	
1355413		high	vegeta=on	(5)	
2265		building	(6)	
227800		noise	(7)	
	
LASground	classificaPon:	
histogram	of	classifica=on	of	
points:	
2959272		unclassified	(1)	
1776209		ground	(2)	

Similar	results	–	a	few	%	more	points	in	ground	class	w/	LASground.	But	by	default	
LASground	over-writes	other	classes.	Need	to	use	other	LAStools	(LASheight,	LAScanopy)	
for	full	classifica=on.	

LASground	–	
classifica@on	of	
ground	returns	



Point	clouds	and	DEMs	

8.	Lecture	burst	on	genera=ng	DEMs	from	points	
9.	Lasgrid	point	density		
10.	Lasgrid	DEM		
11.	blast2dem		



Digital	Eleva=on	Models	
•  Digital	representa=on	of	

topography	/	terrain	
–  “Raster”	format	–	a	grid	of	
squares	or	“pixels”	

–  Con=nuous	surface	where	Z	
(eleva=on)	is	es=mated	on	a	
regular	X,Y	grid	

–  “2.5D”	

•  Grid	resolu=on	is	defined	by	the	size	in	the	horizontal	
dimension	of	the	pixel	
–  1	meter	DEM	has	pixels	1	m	x	1m	assigned	a	single	
eleva=on	value.	

	

Source:	hHp://www.ncgia.ucsb.edu/giscc/extra/e001/e001.html	



• 	1	meter	grid	

• 	LiDAR	returns	from	
EarthScope	data	
collec=on	

• 	Example	from	flat	area	
with	liSle	or	no	
vegeta=on	so	ground	is	
sampled	approx.	5+	=mes	
per	square	meter	

• 	How	do	we	best	fit	a	
con=nuous	surface	to	
these	points?	

• 		Ul=mately	wish	to	
represent	irregularly	
sampled	data	on	a	
regularized	grid.	

1	meter	
1	
m
et
er
	



Generating DEMs from LIDAR 

 LIDAR points raster DEM 

resampling 

interpolating triangulating 

temporary TIN 

i 

j 

Isenburg,	et	al.,	2006	



•  Inverse Distance Weighting (IDW) 
• Natural Neighbors 
•  Kriging 
•  Splines 
•  TIN 

–  linear 
–  quintic 

• … 

Interpolation Methods 

Isenburg,	et	al.,	2006	



Streaming 
TIN 

output 

 output final DEM 
to disk 

DEM Generation via TIN Streaming 

small buffer 
in main memory 

Streaming 
Computation 
of Delaunay 
Triangulation 

 read points 
from disk Immediate 

Rasterization 
of Streaming 

TIN  

 store elevation rasters 
to temporary files 
(grouped by rows) 

 Isenburg,	et	al.,	2006	



Example Result 
500,141,313 Points 

11 GB 
(binary, xyz, doubles) 

ú on a household laptop with two harddisks ú 

50,394 × 30,500 DEM 
3 GB 

(binary, BIL, 16 bit, 20 ft) 

raster DEM  LIDAR points 

ú in 67 minutes ú 
ú 64 MB of main memory ú 

ú 270 MB temporary disk space ú Isenburg,	et	al.,	2006	



LASgrid	–	genera@ng	
raster	deriva@ves	from	
points	
	
Calculate	point	density	



Mode	is	at	20	points	

Sqrt(25V2/20)=	5.6	V/pix	~	6	V/pix	



Mean	~4	shots/sq.	m	

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

Sqrt(1m2/4)=	0.5	m/pix	

Langridge,	et	al.	2014	



LASgrid	–	genera@ng	
raster	deriva@ves	from	
points	
	
Calculate	grid	eleva@on	
for	all	points	=	DSM	







LASgrid	–	genera@ng	
raster	deriva@ves	from	
points	
	
Calculate	grid	eleva@on	
for	ground	points	=	
DTM	(bare	earth)	



Blue	means	empty	



Blue	means	empty	



blast2DEM	–	
genera@ng	raster	
deriva@ves	from	points	
using	triangula@on	
	
Calculate	grid	eleva@on	
for	all	points	=	DSM	







blast2DEM	–	
genera@ng	raster	
deriva@ves	from	points	
using	triangula@on	
	
Calculate	grid	eleva@on	
for	ground	points	=	
DTM	







blast2DEM	–	
genera@ng	raster	
deriva@ves	from	points	
using	triangula@on	
	
Calculate	grid	eleva@on	
for	all	points	=	DSM	
	
2003	NSAF	dataset	



2003	6’	dsm	



2013	6’	dsm	

DeLong, S.B., Prentice, C., Hilley, G.E., Ebert, Y.; 2012, Multitemporal ALSM change 
detection, sediment delivery, and process mapping at an active earthflow. Earth 
Surface Processes and Landforms DOI: 10.1002/esp.2234 



DEMs	in	ArcMap	

Basic	visualiza=on	and	coloriza=on	
Point	and	profile	measurements	
Raster	Math	(difference	and	condi=onal)	
3D	viewing	in	ArcScene	
	



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

hSp://www.joewheaton.org/	









Give	no	color	
to	the	end	
classes	





Con:	Performs	a	condi=onal	if/else	evalua=on	
on	each	of	the	input	cells	of	an	input	raster.	
Really	powerful!!!	












