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Landslides

e A persistent problem that results
from downward sliding of earth
mass causing:

Loss of life, home, & property
Infrastructure instability
Significant annual economic costs

Earthquake? Rainfall?

45°N-
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Landslide susceptibility
classification
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Landslide Monitoring Techniques

http://www.itm-soil.com.au/content/in-
place-inclinometer-0

* Methods of monitoring
landslide techniques
» Total station markers

Inclinometers

» Subsurface detail, limited
spatially

e GPS

« Surface detail, limited spatially

Interferometer Synthetic
Aperture Radar (InSAR)

» Surface detall, limited
temporally and by forest

LIDAR

IIVERSITY




LIDAR Applications for Landslides

Detection and characterization of mass movements
Hazard assessment and susceptibility mapping
Modeling (Dunning, Himalaya)

B w N e

Monitoring

SO e



Erosion Monitoring (e.g. Collins, Lim, Rosser, Olsen, Young)

e Displacement mapping
 Volume determination
o Cliff failure & stability

-0.25m 0.00m 0.25m 0.5m

Oregon State

UNIVERSITY




Study Area
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Highly active coastal landslide with rigid natural features on top of bluff.




Bluff face change Apr12 to Nov12

(d) Legend
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Landslide movement (2007 to 2011)
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Research Overview

 Change detection is a topic

of intense interest in many
fields

e Current workflows for TLS
require post-processing

e Monitoring infrastructure is
critical to public safety and
economic operation.

iy



Typical Change Analysis Approach

1. Laser scan and control data (GPS, total station, etc.) are
collected in the field

2. Data processing is performed in the office
e Time intensive process (hours, days, weeks)
e Labor and equipment intensive
* Must process all data collected

3. Analysis of the data is performed in the office
* Analyses delayed until after data are processed
e Delays discovery and usefulness of “interest” areas

UNIVERSITY

Oregon State




Presented Methodology

Laser scan and GPS data are collected in the field

Data processing is split between office and field

e Introduce automation of some features
* Geo-referencing (GPS, inclination, digital compass)
e Visual quality control of new scans (e.g. GPS & registration)

Change analysis possible immediately in the field
e Surface comparison for change detection
e Evaluate coarse scan and rapid GPS -> re-scan specific areas as needed

More efficient use of data for post-processing

e Collect detailed, higher resolution scans where needed

e Reduces redundant data collection

e Data already geo-referenced ~ Oregon State

UNIVERSITY




liscan Workflow vi.1 10222012

Baseline Creation Process In Situ Analysis

Field Acquisition Field Acquisition
Fast (coarse) scan Fast (coarse) scan
Inclination sensor readings Inclination sensor readings
GNSS coordinates GNSS coordinates

Digital compass orientation Digital compass orientation
I

* ¥
Transfer Convert
I Range Filter

I

Geo-reference & apply

Geo-reference

! azimuth correction
Edit, clean, & filter l
: » Generate hash table
3D triangulation Convert T
Change detection
Typically Completed in Office algorithm (Figure 2)

Determine re-
scan extents

'

Obtain high resolution scan(s) Oregon State
Make field observations

Significant
change

Minimal Change

3

Move to next location

UNIVERSITY




Liscan v1.0

“ | UDARn Situ Change ANalysis Program Vi.0x
Info  Advanced

User Contrals 8 x Model Display

|
< Load Base Object Data Viewer oo =]

= Launch Scanner Controls

Background Color M Black Foint Size

Change Analysis Coloring Start Color

< Retrieve Scan Data Below Threshold Cyan | Mid Calor

Above Threshold M Magenta | EndCor

Display Out of Bounds Points Show Axis
- Load New Scan

Translation (GPS)

X 0.000 =
A 0.000 3
z 0.000 =

Rotation (Deg)

Roll 0.0000 :
Pitch 0.0000 :
Yaw 0.0000 :

< Georeference

Min Threshold(m) 0.0050
Max Threshald(m)  0.1000

Cube Size (m) 0.2000

< Auto-Correct Yaw

< Change Analysis




Scanner Controls GUI and Output

20100927 _proj (debug)

it Format View Help

|UsB/Internal (auto)

High Speed

Atmospheric Conditions: Temp: 12=C E Pressure: mnﬂmbar@ Rel. Humidity: &0 E

Scan Pattern settings.

@ Use preset, [ﬁl Smin Overview

d

1 Manually enter,

Vertical From; |30.UUU E| To:

Res: [0.03000 |+

Horizontal From: |[J,0[J[J %| To:

[0.03000 5]

Real-Time Analysis
Begin Scan

Project list download successful!

Attempting connection to 59997386...

An error has occurred: Mo such host is known
Scan will take approximately 320 seconds.
Scan will take approximately 115 seconds.
Scan will take approximately 7 seconds.

Connected to tcp://59997386:20002

RIEGLLMS; vZ-400; 59997386;

Instrument: RIEGLLMS;VZ- 400 59997386;

<C,P1

Execute MEAS_ABORT()

MEAS_ABORT()

#MEAS_ABORT()

<C,P1

Execute MEAS_BUSY(1)

MEAS_BUSY (1)

*MEAS_BUSY (1)=0

<C,P1

Get property INST_IDENT

INST_IDENT

#*INST_IDENT="vZ-400"

<C,Pl

set property STOR_MEDL UTO USB/INT"
STOR_MEDIA="AUTO USB/INT"

#STOR_MEDIA="AUTO USB/INT"

<C,Pl

Execute MEAS_SET_PROG("HIGH SPEED")

MEAS_SET_PROG("HIGH SPEED")

*MEAS_SET_PROG("HIGH SPEED")

<C,Pl

Exécute SCN_SET_RECT_FOV(30, 130, 0.199, 0, 3260, 10)

SCN_SET_RECT_| Fov(3{) 130, 0.199, 0, 260, 10)

%, meas_prog

input_changed

th_socs_start

th_socs_stop = 130.000000

th_socs_incr = 0.098750

ph_socs_start = {) 000000

ph_socs_stop 60. 000000

ph_socs_incr D 499443

num_scans

range = 100.

Tline_angle_start = 172527, 940526, 1708527

line_angle_stop = 492645, 1260645, 2028645

Tine_angle_incr = 316

frame_angle_start = 1373032

frame_angle stop = 2758634

frame_angle_incr = 1918

Tine_mode = AuTO

frame_mode = AuTO

scan_duration_= 5.993316

num_meas_per_line = 1012

num_Tines = 720

num_meas = 728640

line_speed = 14416.059570

lines_per_sec = 12{) 133827

frame_speed =

30{)00000

T

AAAAAANANAAAAAAANANANAAAAAAANAY A AV A AN ih AV A AN oA A Y e A e A

60. 000000
*SCN_SET_RECT_FOV(30,130,0.199,0,360,10)=30. 000,130. 000, 0. 099, 0. 000, 360. 000,0.499, 5. 993,728640,1,0
< <C,P1

gon State

UNIVERSITY




Geo-referencing 3ol

GPS coordinate (from
ORGN) at each scan
e i (8 location (trans X,Y,Z)
~GPSRécéiver oL 0 Dual Axis Tilt/Level
| Compensator (rotation X,Y)

Laser Scanner \ L

Digital compass reading or
back-sight
( ~ rotation Z)

Software alignment to
correct for backsight error
(rotation Z)

Olsen, M., Johnstone, E., Kuester, F., Driscoll, N., and Ashford, S. (2011). "New
Automated Point-Cloud Alignment for Ground-Based Light Detection and Ranging
Data of Long Coastal Sections.” J. Surv. Eng., 137(1), 14-25.



More points to evaluate?
Reset parameters

Change Detection Algorithm

More points to evaluate?

_,| Find next point from baseline |

Next point from new scan

l

Determine cube index

|

F

scan in current cube

Label point as out of
bounds

F

Mo match
found & all
neighbors
searched

Mo

Yes
Calculate current distance
between match points

= minimum
distance

Compare distance
to minimum

< minimum
distance
= Mmininum,

Update current cube
to next neighbor cube

threshold

Update minimum distance

< minimum
threshold

Store minimum

Neighbor cubes
closer than current
minimum distance?

punoy SayIEW ou pue payaless sioqyBieu |eguziod |y

Determine which
neighbors to search

All potential
neighbors searched
or farther than
minimum distance
and at least one
match found

distance found

&
1m
&
&
&
Im
27

Oregon State

UNIVERSITY




Research Sites - Johnson Creek Landslide
Examples of point clouds and their respective 3D triangulated meshes.

Olsen, M.J., Johnstone E., & Kuester F. (2013). “Hinged, pseudo-
grid triangulation method for long, near linear cliff analysis,” Journal Oregon State

of Surveying Engineering, ASCE, 139(2), 105-109.




LISCAN (In-Situ Change)

LIDAR CHange ENgine v1.0x
Info Advanced

er Controls Maodel Display

+ Load Bas Data Viewer

21 FPS for 1107956P0iNts
Last Click: % = 272,044 ¥ = 623.064 Z = 12,3293

< Launch DriveVZ400
an Data

- Load New Scan

g s [
N R
b &

-l

ol quwﬁw“ )

< Georel

Min Th

< Auto-Correct Yaw

< Change Analysis




Cloud Compare

@ File Edit Tools Display Plugins 3D Views Help _|=]x
PEB GERPEHX 3 PSSR E STt E o e A0S

DB Tree

4 [7] & ICptsBaselineTest.txt (F/RTCcom..
(0] [7] & ICptsBaselineTest - Cloud

9 jCreskrangeFiltered_Georefiet (Fi.
) jCreekrangeFiltered_Georef - ...

U= i

[] camera Link.

Properties
Property State/Value o
MNumber 1
Current C2C distances[<1] ¥
Color ramp Blue>Red -
Color ramp steps 256 z
Positive
SF Scale

0.00076850 |~ | displayed 1.00000000 +

]

0.00076830 '+ colorsat. 1.00000000 =

]
[] log scale

7] release boundaries

I

NaN in grey
Display color sc...

Consale

[15:54:43] [ASCIFilterzloadFile] Cloud has been recentered! Translation: (-416000.00,-4954000.00,0.00)
[15:55:46] [ComputeApproxDistances] Time: 1.03 5.

[15:56:05] [ComputeDistances] Time: 4.4 5.
:05] [ComputeDistances] Mean distance = 0669728 / std deviation = 0419169
o )
HOT ™




Time (seconds)

1000 —+

~(c) Landslide - Full Scan
[ Max Dimension = 548 m
100 === == : T .
¥ : TR
i B
] J'”
10 —: ’/r
I // iTypicaI range of
i / | ichange of interest
1 10.05<A, .. <2.5m
- :
’( : — +Min 0.00 m (CR = 0.000%)
g | - = Min 0.05 m (CR = 0.009%)
I L e Min 0.10 m (CR = 0.018%)
I I — (ctree
T e S e A

0.0% 02% 04% 0.6% 08% 1.0% 12% 14% 1.6%  1.8%
H 1]
Change Ratio (A __, /Max Length, %)

2.0%



Time (seconds)

1000

(d) Landslide with Range Filter
i Max Dimension = 200 m
100 =
10 > Ml
Lo
1+
V4 — -Min 0.00 m (CR = 0.000%)
- ~ = Min 0.05 m (CR = 0.025%)
------ Min 0.10 m (CR = 0.050%)
—(ctree
0.1 s |
0.0% 1.0% 2.0% 3.0% 4.0% 5.0%
Change Ratio (A ., /Max Length, %)



JCL - Post-processed results

Advance

R 2 M Tm Om -Tm -2m
 (f) Legend

Change analysis between LIDAR surveys showing advance and
retreat of the cliff face at the North Section (Northing 4,954,580 m to
4,954,650m).

3 :
L A




usu Part 1l - Quantification of
OregonState Landslide Movement in a
Fo.red Environment -

Conner, J., & Olsen, M.J., (2014). “Automated guantification
of distributed landslide movement using circular tree trunks
extracted from terrestrial laser scan data,” Computers and
Geosciences, 67, 31-39. doi:10.1016/j.cage0.2014.02.007



http://dx.doi.org/10.1016/j.cageo.2014.02.007

Methodology

1. Perform Surveys (Field Collection)
e Terrestrial laser scanning
e Total station & GPS control network

R

e RTK GPS\ORGN
e H:2.0cm, V: 5.0 cm
 PDOP: 1.3t0 3.5

e TPS1200+ total station
e H: 2.5¢cm, V: 5.0 cm

e Riegl VZ-400 TLS
e 4 cm RMS

e ~700 mil pts / survey
o ~27.5 mil pts / scan

X

® & ¥ >

'@l station

0

L
" .
==
-

Scan position with GPS
Scan positions without GPS
GPS control point and scan pad

Total station and scan positi

BN N B Veters
0 20 40 80 120 160



Methodology

e PointReg —least sq.

1. Perform Surveys (Field Collection) .
 Terrestrial laser scanning adeStment of Yaw
e Total station & GPS control network
T e X,Y, & Z from scan

1
1 2. Georeference Scans
1

origins
L. UsingQisenetal @011) » Roll and pitch from

Inclination sensors

UNIVERSITY

= <0regon State




Methodology

1. Perform Surveys (Field Collection)
e Terrestrial laser scanning ?

* Total station & GPS control network

2. Georeference Scans
e Using Olsen et al. (2011)

..................................................................................................................................

3. If needed, divide the dataset into tiles
:  for workability

00 %% ) OF o0 o0 o0
N °.'.°.{. o - {. s“ “ {: ;.-.. . ;0.':-8:'. .: :..g o “.;.'. Ry “.;.‘. :‘. ...;..o
o .3.'. o z’..o:. H o 88 Co% %0 86% (O, o'o \0 S .. \J ..o. ..o.
o: 0.5‘0 o Ad 3‘ .o' o. 003 ;o.“.‘.‘ 5... 0% o. 0.';: O
0 ...o..o’ . 3.. o ‘ ‘ ? ] ‘.'. 3. . .
000 ° 00%fey L0, o o0 ...oo ..o." . & S
. :.. o.. :r ; ;o:.:.. s ;;.. ° o.:. .. 0. ..::.:::0:..2:‘.0 oo...':..o,.\:. .::.:..&.
00"0:\ " o0 o0, 0 %070 00 . ol © ) °
RS R OR SRR e e
L] o, L]
.o‘..‘ ...c. - . ....‘ 0.0. .0. ..‘..o .....:.0 o......" ... o :0..."..:.




Methodology

1. Perform Surveys (Field Collection)
e Terrestrial laser scanning ?

* Total station & GPS control network

2. Georeference Scans
e Using Olsen et al. (2011)

..................................................................................................................................

i 4. Generate Digital Terrain Model (DTMs) for l]
| __cachtileandmerge
«Statistically filter 2m X 2m grids to
minimum value for each tile.

*Merge tiles together for DTM of entire
test area.

I+G

IL

-G

Min

http://www.lidarnews.com/content/view
/8378/136/




Methodology

1. Perform Surveys (Field Collection) ? *h —Ah< (h(i) = z(i) = z(DTM) ) <h + Ah

e Terrestrial laser scanning cAbove Vegetation, below canopy
» Total station & GPS control network

2. Georeference Scans
e Using Olsen et al. (2011)

..................................................................................................................................

4. Generate Digital Terrain Model (DTMs) for
each tile and merge

Slice, t

.................................................................................................

5. Extract slice of point cloud
: above DTM

Jreqgan State

INIVERS S




Methodology ]

1. Perform Surveys (Field Collection) ? y

e Terrestrial laser scanning
e Total station & GPS control network

S — X ]
| S:Zi((xi _Xc)z + (y| _yC)Z_r2)2

2. Georeference Scans
3 ..... |fneeded,d|v|dethedatasetmtotnes .......................... « Minimize the summation of resi duals, S

e Using Olsen et al. (2011)
» Partial derivative and set =to 0

4. Generate Digital Terrain Model (DTMs) for
each tile and merge Sxx Sxy X, 0'5(Sxxx + Sxyy)

\ gy S, S, /)y 0.5(S,,, +Sy0)

: 5. Extract slice of point cloud Xy yy

above DTM
. I—— Voo ~+ Determines circle parameters Xc,
i 6. Find trees in datasets Ycandr
e Least-Squares Fit Circles to Points « Calculates RMS for circle fit

on Individual Trees

Oregon State

UNIVERSITY



Methodology .

1. Perform Surveys (Field Collection)
e Terrestrial laser scanning ?

* Total station & GPS control network

1 2. Georeference Scans .
i e Using Olsen et al. (2011)
________________________________________________________________ T o, o
3. If needed, divide the dataset into tiles 5 ',
for workability L@
................................................................................................................................... o ‘o
. 2
1 4. Generate Digital Terrain Model (DTMs) for
i each tile and merge

.................................................................................................

5. Extract slice of point cloud
: above DTM

: 6. Find trees in datasets o Usesr = 2 x RMS for outlier
e Least-Squares Fit Circles to Points detection

on Individual Trees _
................................................................................................................................... oregon Sote
UNIVERSITY



Meth Od O I Ogy » Removes outliers

1. Perform Surveys (Field Collection) ? e Refits circle

e Terrestrial laser scanning « Recalculates RMS

e Total station & GPS control network : : : :
* Circle is only used if Xc, Yc are in

———————————————————————————————— the center grid

2. Georeference Scans
e Using Olsen et al. (2011)

..................................................................................................................................

4. Generate Digital Terrain Model (DTMs) for
each tile and merge

.................................................................................................

5. Extract slice of point cloud
: above DTM

i 6. Find trees in datasets
 Least-Squares Fit Circles to Points

on Individual Trees

L Oregon State

() p UNIVERSITY




Methodology

1. Perform Surveys (Field Collection)
e Terrestrial laser scanning ?

Total station & GPS control network

2. Georeference Scans
e Using Olsen et al. (2011)

..................................................................................................................................

: Generate Digital Terrain Model (DTMs) for ‘
: each tile and merge |

.................................................................................................

5. Extract slice of point cloud
above DTM

6. Find trees in datasets N
e Least-Squares Fit Circles to Points

on Individual Trees

..................................................................................................................................
0
> . H

: 7. Compare tree locations between T
surveys to extract movement ey )
Frnnnannno000000an00000000000000000600000000000A0PO0000aEAANNONDROaCEANNONCNCaCANNNNCOCCANKDDEOOCAIINDN0C00GaY Serdo00d




Results

e 71 trees detected, 93% 1. f‘gf]"’(‘jie”g;
have expected results if: ) 1 :
e 0>dx>-0.14
e 0>dy>-0.1
e dxy<0.15

e Reliability is:
* #trees with expected results | pispiacement vectors (om)
/ total # trees  002-004 B 0.13-0.14
- B 015-0.16
- P 017-0.18
10.09-0.10 P 0.19-0.20
0.11-042 P 0.21-0.28
b3

V
1112 ) andslide Mass Extent |

S

|
[ ——] Meters

120 180 240 &

45




Comparison to Conventional Methods

46

Conventional survey Closest tree Absolute Difference
Point|Dx (m)[Dy (m)|Dxy (m)|Dx (m)|Dy (m) [ Dxy (m)] Dx (m)|Dy (m)|Dxy (m)
14| -0.067| -0.036| 0.076] -0.082| -0.028| 0.087] 0.015| 0.008| 0.011
15| -0.056( -0.042| 0.070] -0.053| -0.025( 0.059] 0.003| 0.017{ 0.011
16| -0.081| -0.036] 0.089] -0.083| -0.039| 0.092] 0.002| 0.003| 0.004
18| -0.082( -0.050| 0.096] -0.045| -0.039| 0.060] 0.037| 0.011] 0.036
19| -0.107| -0.038| 0.114] -0.091| -0.053( 0.105] 0.016] 0.015| 0.009
20( -0.129| -0.034( 0.133| -0.098| -0.065| 0.117] 0.031| 0.031| 0.016
22| -0.082| -0.037( 0.090| -0.085| -0.007| 0.085] 0.003| 0.030; 0.005
23| -0.082| -0.021f 0.085| -0.118| -0.025| 0.121} 0.036/ 0.005| 0.036
24( -0.105| -0.024( 0.108| -0.105| -0.039| 0.112] 0.000{ 0.015| 0.004
25( -0.122]| -0.059( 0.135| -0.146| -0.015| 0.147] 0.024| 0.044| 0.012
Max 0.037| 0.044 0.036
Su mim ary > Min 0.000| 0.003| 0.004
Tab|e Average| 0.017| 0.018| 0.014
Stddev | 0.015| 0.013
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Parameter Analysis

e As circle fit RMS increases usable points are farther from circle
* Ar difference in tree radii between surveys
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Contour Connection Method for airborne LIDAR landslide
mapping

Leshchinsky, B., Olsen, M.J., & Tanyu, B. (2015). “Contour Connectio
Method for Automated Identification and Classification of Landslide
Deposits,” Computers and Geosciences, 74, 27-38.
doi:10.1016/j.cage0.2014.10.007
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Satellite Image: Pre-Landslide, Oso, WA

© 2013 Google Images
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LIDAR Bare Earth Map: Landslide Inventory
Credit: 2014 USGS, R. Haugerud
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1 |th a bare earth map from LrDAR "‘the dangerous topography
pecomes more obvious, especially with the eye of a trained geologist.

But what about finding these hazards over large landscapes?




Automated Landslide Detection Algorithm - Current Research

Highlighted Scarps in Red, Deposits in Blue
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he whole valley is littered with landslides.




Pittsburg Quadrangle — Geologist Inventory

55 Square Miles, over 750 manually inventoried landslides

B




Pittsburg Quadrangle — Geologist CCM

One processor, 20 minutes of analysis, 91% agreement (pixel-pixel)




Signatures
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Analysis
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* An “index” property
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Signatures — Earth Flow

« Little change in convexity/concavity
e Erratic nature implies roughness, i.e. “young” feature
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Sighatures — Complex

e Initial concave behavior, outward flow at base
e Again erratic nature implies “young” feature

Connection Density
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Signatures — Slide

Initial concavity followed by convexity suggests outward flow,
typically associate with slides

Smooth nature suggests an older feature
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Conclusions

* In-situ change analysis leads to a more effective and
efficient filed investigation

e Slow-moving landslides in forested terrain can be
analyzed by evaluating tree movement

 The CCM algorithm effectively delineates landslides in
airborne lidar data
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