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Outline  

• Brief	motivation		
•  Technical	introduction	to	differencing	
• Processing	Choices		

• Window	size		
•  Grid	spacing	
•  Coordinate	system	origin		
•  Point-to-point	vs.	Point-to-plane	error	penalty		

• Matlab	demo		
• How	do	I	perform	topographic	differencing	on	my	own	datasets?	
• PLEASE	ASK	QUESTIONS!!		



Topographic differencing  

• Calculate	3D	on-	and	off-
fault	deformation	
• Resolves	deformation	along	
the	fault	where	other	
geodetic	datasets	
commonly	lack	resolution		
• Method	assumes	a	rigid	
deformation.	Other	
methods	(e.g.,	PIV)	work	
better	when	assumption	is	
invalid.		



Iterative Closest Point  

Pre-earthquake:	Compare		 Post-earthquake:	Reference		



Calculate 3D displacements at core points  

Pre-earthquake:	Compare		 Post-earthquake:	Reference		



Select windowed subsets 

Pre-earthquake:	Compare	
Width	50	m			

Post-earthquake:	Reference	
Contains	an	extra	10	m	buffer		





3D rigid deformation  

ICP	references:	Besl	and	McKay	(1992);	Nissen	et	al.,	(2012;	2014);	Scott	et	al.,	(2018)	



Processing Choices  

• Window	Size		
• Grid	Spacing			
• Coordinate	system	origin		
• Point-to-point	vs.	Point-to-plane	error	penalty		



Window Size   
•  Large	enough	that	there	is	
sufficient	topographic	relief	to	
produce	an	accurate	alignment		
•  Smaller	windows	have	better	
resolution	and	a	lower	violation	
of	the	rigid	body	assumption				
•  In	my	experience,	30-50	m	
window	size	are	best	with	1-4	
shots/m2	lidar	imagery	

Canal	and	field	boundaries	
provide	topographic	relief		



Window size of reference dataset  
Add	buffer	to	the	reference	point	cloud	so	that	the	deformed	
reference	point	cloud	fits	entirely	into	the	compare	point	cloud.		

Pre-earthquake:	Compare	
Width	50	m			

Post-earthquake:	Reference	
Contains	an	extra	10	m	buffer		



Grid spacing   

Commonly	equal	to	full	or	
half	of	the	window	size		
	
For	efficiency,	grid	spacing	
can	be	much	larger.	This	is	
the	case	for	today’s	demo.		



Coordinate system origin  

When	the	origin	is	offset	from	the	
point	cloud	window,	the	rotation	
and	translation	trade-off.		



Coordinate system origin  

When	the	origin	is	offset	from	the	
point	cloud	window,	the	rotation	
and	translation	trade-off.		

	
Shift	the	coordinate	system	
origin	(0,0,0)	to	the	window	
center.		



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point Cloud Alignment and ICP Error  

Pre-earthquake/	
Compare		
	
	
	
Post-earthquake/	
Reference	



Point cloud alignment error metrics  

𝑬=√�∑𝒊=𝟏↑𝒑𝒐𝒊𝒏𝒕𝒔 𝒊𝒏 the REF 𝒄𝒍𝒐𝒖𝒅▒​|(𝝋​COMPARE↓𝒊   − ​REF↓𝒊 )|↑𝟐   	

𝝋:	Rigid	deformation		

Point-to-Point	Error	



Point cloud alignment error metrics  

𝑬=√�∑𝒊=𝟏↑𝒑𝒐𝒊𝒏𝒕𝒔 𝒊𝒏 the REF 𝒄𝒍𝒐𝒖𝒅▒​|(𝝋​COMPARE↓𝒊   − ​REF↓𝒊 )|↑𝟐   	

​𝒏↓𝒊 :	Vector	normal	to	surface	

𝑬=√�∑𝒊=𝟏↑𝒑𝒐𝒊𝒏𝒕𝒔 𝒊𝒏 the REF 𝒄𝒍𝒐𝒖𝒅▒​|𝝋​COMPARE↓𝒊   − ​REF↓𝒊 )∙ ​𝒏↓𝒊 |↑𝟐   	

𝝋:	Rigid	deformation		

Point-to-plane	works	better	for	geological	applications	

Point-to-Point	Error	

Point-to-Plane	Error	



Correlation Error  

Scott	et	al.,	(2018)	



Compare Different Error Measurements  

Standard	deviation	of		
Topography	

ICP	point-to-plane	error	 Horizontal	correlation	error	

Scott	et	al.,	(2018)	



ICP	point-to-plane	error	and	ICP	horizontal	correlation	error	are	anti-correlated.		

Scott	et	al.,	(2018)	



ICP Differencing Demo 

• Requirements	
•  Matlab		
•  ICP	script	for	exercise	
•  Matlab	ICP	File	Exchange	(Jacob	Wilm):	https://www.mathworks.com/
matlabcentral/fileexchange/27804-iterative-closest-point	
•  	Matlab	Las	file	reader	(Teemu	Kumpumäki):	https://www.mathworks.com/
matlabcentral/fileexchange/48073-lasdata	











Repeat	for	the	post-earthquake	data	



DEMO 



How do I perform topographic differencing on my 
own datasets? 

 • Datasets		
•  “Before”	or	“compare”	
•  “After”	or	“reference”	

• Datasets	must	be	in	the	same	reference	frame	
•  See	lecture	by	Craig	Glennie			

• Datasets	are	big	
•  Use	lastile	(lastools)	to	tile	the	big	dataset	into	many	smaller	data	files.	Add	a	
for	for	loop	to	loop	through	the	smaller	data	files.			

• Datasets	available	on	OpenTopography	
•  2010	El	Mayor	Cucapah	earthquake		
•  2016	Kumamoto	earthquake		
•  ~12	OT	datasets	already	in	the	same	reference	frame		



Software options  

• Windowed	ICP	
•  LIBICP	(http://www.cvlibs.net/software/libicp/):	C++	code	with	Matlab	
wrappers	
•  Matlab	ICP	File	Exchange	(Jacob	Wilm):	https://www.mathworks.com/
matlabcentral/fileexchange/27804-iterative-closest-point	
•  PDAL:	https://pdal.io	(Point	Data	Abstraction	Library)		

• Global	ICP		
•  Point	Cloud	Tools	File	Exchange:	https://www.mathworks.com/matlabcentral/
fileexchange/54412-point-cloud-tools-for-matlab	
•  2018	Matlab	built	in	functions:	https://www.mathworks.com/help/vision/ref/
pcregrigid.html	



Thank you!  



3D coseismic displacement: Iterative closest point (ICP) 

Windowed	subset	 	Uncertainty	
3D	rigid-body	
deformation	

ICP	references:	Besl	and	McKay	(1992);	Nissen	et	al.,	(2012;	2014);	Scott	et	al.,	(2018)	


