
IN
T

R
O

D
U

C
T

IO
N

 &
 M

O
T

IV
A

T
IO

N
I.

L
iD

A
R

 / A
L

S
M

 generates m
assive data volum

es - billions of returns are not 
uncom

m
on in these data sets.

P
rocessing and analysis of these data requires significant com

puting resources 
not available to m

ost geoscientists.

G
eoscience users typically w

ork w
ith digital elevation m

odels (D
E

M
s)

generated from
 the L

iD
A

R
 point cloud data.  H

ow
ever, D

E
M

 generation from
these data challenges typical G

IS
 / interpolation softw

are.
 

 
- our tests indicate that A

rcG
IS

, M
atlab and sim

ilar softw
are packages 

 
 

  struggle to interpolate even a sm
all portion of these data.

L
iD

A
R

 data are often acquired as a com
m

unity resource (e.g. G
eoE

arthscope).
B

ecause of the large size of these datasets, a novel approach is necessary to 
facilitate com

m
unity access to both the data as w

ell as processing resources. 

A
cquired "to obtain pre-earthquake im

agery necessary to determ
ine near-field ground 

deform
ation after a future large event (hence the nam

e B
4), and to support tectonic 

and paleoseism
ic research" (B

evis et al. 2005).

V
ery high-res. dataset supporting D

E
M

 generation at 25-50 cm
.  A

s a result of return 
density and geographic extent the dataset is m

assive, containing ~15 billion returns.

L
arge dem

and from
 user com

m
unity for access to B

4 D
E

M
s at various resolutions.

C
O

N
C

E
P

T
U

A
L

 G
E

O
N

 L
iD

A
R

 W
O

R
K

F
L

O
W

W
e propose utilizing the 

cyberinfrastructure developed by G
E

O
N

to offer online data distribution, D
E

M
 

generation, and terrain analysis for large 
L

iD
A

R
 point cloud datasets.

B
y using distributed com

puting resources,
user is able to quickly run m

ultiple jobs
and com

pare results.  W
e leave the 

com
putationally intensive data processing

to resources available through G
E

O
N

 and 
offer user dow

nloadable products in 
com

m
on file form

ats. 

W
e have developed a com

pletely
internet-based w

orkflow
 that runs 

on the G
E

O
N

 grid and utilizes
m

odular w
eb services to com

plete a
variety of processing and analysis 
tasks.

G
oal: C

reate an interactive 
processing environm

ent for iteration
and exploration of various 
interpolation and processing options.
O

ptim
ize landscape representation 

based upon application of the data.

II.

N
O

T
E

: P
rocess w

ill be 
w

ra
p

p
e

d 
in 

a
n 

a
u

th
e

n
tific

a
tio

n 
p

ro
to

co
l 

th
a

t 
h

a
s 

a
lre

a
d

y 
b

e
e

n 
d

e
ve

lo
p

e
d 

b
y 

G
E

O
N

.  
A

t login, site visitor is 
id

e
n

tifie
d 

a
s 

G
u

e
st, 

U
ser, or O

w
ner of data 

a
n

d th
e

ir p
e

rm
issio

n
s 

a
re 

se
t 

a
cco

rd
in

g
ly.

P
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E
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D
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JP
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G
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R
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S
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f t
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t
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eoT
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F

ed
a h

sll
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H
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ct
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ep
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 s
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. c
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M

E
D

D
ow
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S
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G
R

A
S

S
 G
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K

riging
ID

W
block m

ean / 
m

in / m
ax

T
IN

INTERPOLATION
& ANALYSIS

DISTRIBUTION AND DOWNLOAD

=
 w

orkflow
 pathw

ays currently im
plem

ented

S
patially enabled

database

LiD
A

R
 point cloud

raster data

Interactive w
eb-based Interface:

S
patial and attribute based queries

B
inary G

R
ID

W
eb

B
row

ser

3D

V
isualize

VISUALIZATION

T
he B

4 P
roject (an exem

plary com
m

unity dataset): 
L

iD
A

R
 coverage of the Southern San A

ndreas and San Jacinto 
fault zones

D
E

M
 G

eneration via L
ocal B

inning A
lgorithm

M
ethod

D
E

M
 G

eneration via Spline Interpolation A
lgorithm

D
E

M
 and

A
lgorithm

A
lgorithm

G
E

O
N

 W
O

R
K

F
L

O
W

 IM
P

L
E

M
E

N
T

A
T

IO
N

III.

O
V

E
R

V
IE

W
:

U
sing G

E
O

N
 cyberinfrastructure w

e have developed an internet-based L
iD

A
R

 distribution and processing (D
E

M
 and derived product

generation).

 
Features: 

 
 

Spatial and attribute based queries on raw
 L

iD
A

R
 point cloud data.

 
 

L
ocal binning or Spline interpolation to D

igital E
levation M

odel (D
E

M
).

 
 

U
ser control over interpolation param

eters.
   

 
Slope, aspect and profile curvature (pcurv) derived products.

 
 

D
ow

nload of of products in T
IFF (w

ith w
orld file), A

SC
II and E

SR
I A

rc A
SC

II (A
rc G

R
ID

) form
ats.

 
 

V
isualization of data products via w

eb brow
ser w

indow
 or in 3D

 via Flederm
aus free view

er iV
iew

3D
 (under developm

ent) and 
 

 
our ow

n O
penG

L
-based tool "LV

IZ
".

 
 

Job m
onitoring and archiving - including user-defined job nam

e and description

IM
PL

E
M

E
N

TA
T

IO
N

:
T

he G
E

O
N

 L
iD

A
R

 w
orkflow

 utilizes the K
epler System

 (kepler-project.org) to integrate heterogeneous local and rem
ote tools in a

single interface:
 

 
 

 
W

eb and G
rid services

  
 

 
 

G
IS services (G

R
A

SS O
pen Source G

IS) and
 

 
 

L
ocal B

inning A
lgorithm

.

R
em

ote tools via SSH
, SC

P and G
ridFT

P
R

elational and spatial databases (D
atastar Terascale M

achine at 
San D

iego Supercom
puter C

enter)

D
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R
IB

U
T

E
D

 R
E

SO
U

R
C

E
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O
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FIG
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T
IO
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X
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L
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rocessing
P

aram
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P
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A
S

U
 P

oP
 N

O
D

E

W
eb S

ervice
M

anager P
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A
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R
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G
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O
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node 
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six 
2.8 

G
hz 

Intel 
X

eon 
processors 

w
/ 

2 
G

B
 

R
A

M
 

per 
C

P
U

. 
 

R
unning 

L
inux 

("R
ocks" based on R

ed H
at 7.3).  2.5 T

B
 of storage.  A

ll 
G

E
O

N
 participating institutions have sim

ilar resources that 
are 

m
ade 

available 
via 

the 
G

E
O

N
 

G
rid
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E
O

N
-B

A
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D
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G
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D
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e d
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A
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R
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L
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H
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D
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E
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A
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grid area = 1 and search area = 1.5708 and search radius =0.70711

W
e have recently im

plem
ented a 

new
 local binning algorithm

 for 
D

E
M

 generation in the G
LW

.

T
he algorithm

 utilizes the 
elevation inform

ation from
  the 

points inside of a circular search 
area w

ith user specified radius. 
From

 the local points, five values 
are com

puted for each node in a 
grid: 1) the m

inim
um

, 2) 
m

axim
um

, 3) m
ean, and 4) inverse 

distance w
eighted m

ean of the 
local points, and 5) the num

ber of 
points (density in the search area). 
If the num

ber of points in the 
search radius is 0, the node is 
assigned a null value.

point cloud size
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T
he G

R
A

SS spline algorithm
 im

plem
ented in the G

L
W

 is com
pute-intensive w

ith large (m
illions of points) 

datasets taking tens of m
inutes to hours to com

plete.  T
he local binning algorithm

 offers approxim
ately 100 tim

es 
better perform

ance than the spline.  For large grids that exceed m
ain m

em
ory on the com

pute node, an out of-core 
version of the code utilizes secondary storage to process the data in segm

ents.  A
 parallel version of the out of-core 

code is under developm
ent and should be available via the G

L
W

 in the near future.

R
IG

H
T :  Figure show

ing the num
ber of L

iD
A

R
 returns per 

search area for a portion of the B
4 dataset in the C

arizo Plain 
near the D

ragon's B
ack.  For this 1 m

 D
E

M
, a search radius of 

.70711 m
 w

as used, giving a search area of 1.5708 m
2.  N

ote 
the heterogeneous L

iD
A

R
 return distribution due to sw

ath 
overlaps and changes in plane orientation.  L

iD
A

R
 return 

concentraions vary from
 1 to 20 per search area.  T

his grid w
as 

produced from
 ~4.7 m

illion L
iD

A
R

 points.

B
E

LO
W

:  Four hillshaded 1m
 D

E
M

s for the sam
e area as 

show
n at right.  A

ll four D
E

M
s are produced by the local 

binning algorithm
 im

plem
ented in the G

LW
.  T

he local binning 
approach w

orks w
ell w

hen the D
E

M
 resolution is greater than 

the L
iD

A
R

 return spacing.  W
hen the D

E
M

 resolution 
approachs the shot spacing, a large search radius or an 
interpolation algorithm

 (e.g. spline) m
ust be used to avoid 

num
erous null values. 

m
ax

m
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ST
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IO
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R
E

 IN
FO

R
M

A
T

IO
N

:
http://w

w
w

.geongrid.org/science/lidar.htm
l

http://lidar.asu.edu

T
he G

LW
 can be directly accessed by logging into the G

E
O

N
 Portal @

 http://w
w

w
.geongrid.org

(users m
ust register for a free account), then selecting the "G

E
O

N
 Tools" tab and then "L

iD
A

R
".

C
urrently, the southern San A

ndreas portion (segm
ents SA

F1-11) of the B
4 dataset 

is available via the G
L

W
, w

ith the B
anning and San Jacinto segm

ent to follow
 

shortly.
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 D
EM

 B
4 A

LSM

P
roblem

: slip along the S
an A

ndreas F
ault in 1857 

earthquake and earlier

Im
portant inform

ation about paleoearthquakes is recorded in the m
eter-scale 

tectonic geom
orphology of  fault zones. S

uch inform
ation is available from

 both the 
records of offset and from

 paleoseism
ic sites w

hich are better understood w
ith 

enhanced know
ledge of geom

orphic context. T
he B

4 airborne laser sw
ath m

apping 
dataset of the topography along the S

an A
ndreas F

ault (S
A

F
) zone has enabled a 

spectacular new
 look at the 10s-of-m

eter scale tectonic geom
orphology and is a 

pow
erful com

plem
ent to field survey.  

O
ffset stream

 channel along S
A

F
 in C

arrizo P
lain depicted in 4 cm

 resolution georectified aerial 
photo from

 rem
ote control balloon system

 draped over 25 cm
 from

 B
4 survey and G

E
O

n Lidar 
w

orkfow
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O
ne basic idea of determ

ining 
offsets is to assum

e that the 
channel w

as sim
ilar in profile on 

each side of the fault, so offset 
determ

ination com
es from

 
sim

ply m
atching parallel profiles. 

In this exam
ple, I took a 25 cm

 
D

E
M

 from
 the G

LW
 at channel 

62 (see above) and extracted a 
profile 5 m

 on each side of the 
A

F
 trace. T

he profiles correlate 
best w

ith an offset of 15 m
 w

hich 
is sim

ilar to the 15-17 m
 offsets 

determ
ined above.

T
he problem

 is that this 
approach rem

oves the 
geom

orphological intuition that is 
typically em

ployed as the 
observer ponders the subtle 
history of the channel: W

as the 
channel perpendicular to the 
fault trace prior to offset?  H

as it 
been offset m

ore than once? 
(S

hould have been in this case.) 
W

here is the evidence for 
channel developm

ent betw
een 

the first and second offset?

N
ote also the A

LS
M

 scanner 
parallel grooving ("corduroy") 
from

 superposition of m
islocated 

sw
aths. It has an am

plitude and 
w

avelength of 20-50 cm
.

A
nother w

ay to have the 
D

E
M

s help the tectonic 
geom

orphologist is to 
produce hydrologically correct 
D

E
M

s (fill pits) and then 
com

pute drainage netw
ork 

param
eters, such as 

contributing area (A
). S

uch 
inform

ation should help to 
guide the observer in 
sem

i-autom
atically 

delineating the channel 
netw

ork, and thus the offsets.  

In this case, I show
 exam

ples 
from

 channels 62 and 63.1 on 
25 cm

 D
E

M
s from

 the G
LW

C
hannel 62 com

m
ents:

1) N
ote that the netw

ork 
delineation is disrupted by the 
vegetation in the 
channel--indicating the need 
for vegetation filtering.
2) I m

easured an offset of 
about 13 m

, w
hich is about 2 

m
 less than the other 

approaches.

C
hannel 63 com

m
ents:

1) T
he channel is w

ell defined 
in the hillshade and in the 
contributing area 
com

putation. 
2) I m

easured an offset of 19 
m

 w
hich is in the m

iddle of 
the 15-21 m

 m
easurem

ents 
from

 the other m
ethods. 

C
hannel 62

C
hannel 62

C
hannel 63.1

 O
ffsets along the S

an A
ndreas F

ault in S
outhern C

alifornia (S
ieh, 1978). T

he sm
allest offsets in this 

group are attributed to the 1857 earthquake. O
ffsets along the northw

estern portion of the C
holam

e 
segm

ent w
ere also studied by Lienkaem

per. T
he south central S

A
F

 preserves num
erous offset 

landform
s that w

ill be uniform
ly charaterized in detail w

ith high resolution A
LS

M
. T

he entire S
A

F
 show

n 
in this m

ap has been im
aged w

ith A
LS

M
. A

ctive faults in yellow
 from

 U
S

G
S

 and V
edder and W

allace, 
1970. 

120°0'0"W
119°0'0"W

118°0'0"W

35°0'0"N

36°0'0"N

rating (after S
ieh, 1978)

excellent

excellent/good

good

fair/good

fair

poor/fair

poor

not reported

offset (after S
ieh, 1978)

40m

A
ctive F

aults (after U
S

G
S

 and 
V

edder&
W

allace, 1970) 

H
ighw

ays

0
20

40
10

K
ilom

eters

E
xplanation

C
holam

e segm
ent

S
tudy area

A
cknow

ledgem
ents

O
laf Z

ielke, K
elin W

hipple, K
evin E

agar, D
avid S

chw
artz, N

athan Toke, S
inan A

kciz
B

4 Team
, N

C
A

LM
G

LW
 team

A
b

stra
ct

LiD
A

R
 (Light D

istance A
nd R

anging a.k.a. A
irborne Laser S

w
ath M

apping—
if airborne and Terrestrial Laser 

S
canning—

if ground-based) is an em
erging technology for acquiring high-resolution digital terrain m

odels. Typical 
airborne LID

A
R

 surveys sam
ple the ground surface and vegetative cover m

ultiple tim
es per m

2 w
hile ground-based 

LiD
A

R
 sam

ples at centim
eter densities. T

hese data and the associated panchrom
atic, color, or hyperspectral im

ag
-

ery that m
ay be collected sim

ultaneously provide unprecedented representations of the earth's surface (topography 
and vegetation) enabling the study of natural processes at resolutions not previously possible yet essential for their 
appropriate representation. C

om
m

unity-oriented LiD
A

R
 acquisition efforts (e.g., G

eoE
arthscope and N

E
O

N
) w

ill 
produce datasets w

ith billions of LiD
A

R
 returns and terabytes of im

agery data. M
anaging, archiving, distributing, 

and processing such data represent a significant com
putational challenge that can lim

it the utility of these datasets 
for scientific users. B

ased on a prototype system
 developed in G

E
O

N
, w

e propose a national cyberinfrastructure 
fram

ew
ork for com

m
unity LiD

A
R

 datasets that w
ould significantly ease access to these datasets by providing 

internet-based data distribution and processing tools. T
he architecture w

e propose capitalizes on a distributed net-
w

ork of data servers and processing resources that are accessed via a w
eb portal. T

his distributed netw
ork utilizes 

m
odular w

eb services and is seam
lessly linked to allow

 users to interactively access and process regardless of 
w

here the data or processing tools are physically located. T
his fram

ew
ork allow

s users to select a subset of data, 
generate terrain m

odels as w
ell as derived products w

ith processing param
eters they define and to dow

nload 
and/or visualize their results depending on user specification. T

he national cyberinfrastructure fram
ew

ork for LiD
A

R
 

presented here both significantly enhances the utility of these data for scientific users as w
ell as provides a clear ex-

am
ple for distributing and processing com

putationally challenging com
m

unity earth science datasets. T
he G

E
O

N
 

prototype (the G
E

O
N

 LiD
A

R
 W

orkflow
) is currently available for use via the G

E
O

N
 P

ortal (portal.geongrid.org).
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