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Motivation

 Long, isolated highways
e Safety & Mobility concerns

h roactive Risk Assessment—
Performance-based Asset Management

. Identlfy priority Iocales for remedlatlon detalled
~_monitoring | L e

S ermted personnel
* Less money

e More liability, political
pressure
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Seismic Rockfalls\Landslides



http://research.engr.oregonstate.edu/lidar/pointcloud/TheEnd_NZ_2/Index.html

Traditional Assessment

e E.g. Rockfall Hazard e Detailed

Rating System Assessments
— Costly — Very Costly
— Coarse — Subjective
— Subjective — Unsafe
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e Can we make this mo




Site Locations
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Collect Geo-reference/Register. ..

‘ Filter\Clean

The

Analyze Model '




Data Acquisition
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Source: www.dji.com Source: www.sony.com

DJI Phantom Professional 3 Sony DSC-RXM2 Camera




Site GG239







Area-normalized frequency (#/1000 m?)

Magnitude Frequency Relationships
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Rockfall Activity Index (RAI)

>11° & <18°

<150° >150°

L

Shallow Cantilevered
Overhang (Og) Overhang (O;)

>18°

{EU REE-

>6° & <11°

>35° l

!

Closely Spaced
Discontin. (L)

Widely Spaced
Di=contin. [DU‘.I,I"]

Talus (T

Fragmented

> Discontin. (Dy)

k4 =120 Rs

Intact (I}

Dunham, L., Wartman, J., Olsen, M.J., O’Banion, M.S*, & Cunningham, K. (2017). “Rockfall
Activity Index (RAI): A Lidar-derived, morphology-based hazard assessment system,”
Engineering Geology, 221, 184-192. https://doi.org/10.1016/j.enggeo0.2017.03.009



https://doi.org/10.1016/j.enggeo.2017.03.009

Surface Morphology
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3D Surface'Model Comparisons
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How good is tlbe pixy dust?
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O’Banion;:M.S.* OISén, MJ, R'a_ult,‘ C., Wap’eﬁ'{an,:,J'.',"and Gnningham, K. (In Press).
“Suitability of Structure from Motioyﬂ/ﬁocksl()pe Aséessment” submitted to the

Photogrammetric Record.




Background

Goal: Assess and monitor unstable rock slopes along the Parks Highway (Glitter

Gulch) and Glenn Highway (Long Lake) in Alaska
*  Summer 2012: Mobile lidar data
e Summer 2013 & 2014: Terrestrial lidar data (TLS)
e Summer 2015: TLS, unmanned aircraft system (UAS) imagery
e Summer 2017: TLS, unmanned aircraft system (UAS) imagery
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Introduction

5cm TLS Surface

11| Is the accuracy and quality of SfM derived 3D data
comparable to TLS?

V]

5cm SfM Surface
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Introduction

Suitability of SfM for rock-slope assessment
Accuracy Assessment (Total Accuracy)

Quality Evaluation
« Completeness
* Point Density
» Surficial Properties
* Rock-slope Morphology Classification
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Accuracy Assessment

Two Independent References
1. TLS-derived 5 cm Surface Models
2. Total Station Cliff Points
Structure From Motion (SfM) Image Reconstructions
« Combo: Both UAS and ground-based images
« UAS: Only UAS-based images
« Ground: Only ground-based images

27



CoLLEGE 0F ENGIEERING

TLS and SfM Surface Comparison - Results

RS1 RS2 RS3
TLS vs. Ground SfM TLS vs. Ground SfM TLS vs. Ground SfM

TLS vs. UAS SfM _ TLS vs. UAS SiM TLS vs. UAS SfM

TLS vs. Combo SfM TLS vs. Combo SfM

‘m‘ Distance from TLS Surface imi Tt —
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TLS and SfM Surface Comparison - Results

I\/?cf)g/lel Type Meaérr:])D it o (m) RMSE (m) 95% ECrcr)?]; (m) % of SfM in Front of TLS
Ground SfM -0.003 +0.029 +0.029 +0.047 55.4
RS1 UAS SftM -0.051 + 0.046 +0.069 +0.112 94.1
Combo SfM -0.006 +0.029 +0.030 +0.048 60.5
Ground SfM -0.002 +0.027 +0.027 +0.044 58.3
RS2 UAS SfM -0.010 +0.028 +0.030 +0.048 65.3
Combo SftM -0.010 +0.023 + 0.025 +0.041 72.9
Ground SfM 0.000 +0.030 +0.030 +0.048 56.9
RS3 UAS SfM 0.020 +0.036 +0.041 + 0.066 23.0
Combo SfM 0.003 + 0.026 +0.027 +0.043 43.8
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Total Station Cliff Point Comparison

. Mean Diff. Error % of Surface in Front of TS

Site Type (m) o (m) RMSE (m) 95% Conf. (m) Points
Ground SfM -0.001 +0.015 +0.015 +0.025 57.14

RS1 UAS SfM -0.032 +0.041 + 0.052 +0.084 82.69
Combo SfM -0.006 +0.020 +0.021 +0.033 56.19

TLS 0.002 +0.009 +0.010 [+0.015 | 41.90

Ground SfM 0.002 +0.024 +0.025 +0.040 48.98

RS2 UAS SfM 0.006 +0.029 +0.029 +0.047 36.73
Combo SfM -0.001 +0.024 +0.024 +0.039 57.14

TLS 0.003 +0.009 +0.009 ["+0.015 | 31.25

Ground SfM -0.001 +0.008 +0.008 +0.013 63.86

RS3 UAS SfM 0.013 +0.025 +0.028 + 0.046 22.89
Combo SfM -0.001 +0.011 +0.011 +0.017 53.01

TLS 0.001 +0.009 +0.009 [+0.014 | 55.42
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32

Completeness

Surf.Area of Model with out Holes Filled

Completeness = (

X 100
Surf.Area of Combo SfM Model with Holes Filled>

RS1 RS2
Model Completeness (%) Model Completeness (%)
Combo SfM 99.05 Combo SfM 99.74
UAS SfM 99.46 UAS SfM 99.77
Ground SfM 89.43 Ground SfM 96.92
Lidar 92.38 Lidar 99.61
RS3
Model Completeness (%)

Combo SfM 99.54

UAS SfM 99.54

Ground SfM 94.41

Lidar 98.61



Point Density — Results

RS1 RS2 RS3

SIM

Ground

UAS

Combo

Lidar

TLS

Point Density (Points/m?)

—_ Point Density (Points/m?) Tom
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Surface Morphology — Slope
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Surface Morphology — Roughness
Small Window Roughness (35x35 cm)
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Rock-Slope Morphology Classification
SfM

Ground

. .' L ; o - 3
20m , . ' - : Sl
. Unclassified . Stable Intact . Meadium Active Shallow Overhang
. Talus . Srall Active . Large Active . Cantilever Overhang
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Rock-Slope Morphology Classification
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Conclusion

Rock-Slope Assessment:

SfM Pixy dust is not as accurate as TLS, but is an appropriate tool for
rock-slope assessment, assuming the images are tied to a survey
control network.

Rock-Slope Monitoring:
Concerns such as over-smoothing and inconsistencies stemming from

differences in image acquisition, have potential to introduce error
into the detection of small changes (= 5 cm).

Advantageous to use both together.
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Climate Change Effects

Average Monthly Temperature for Chickaloon, Alaska
Historical CRU 3.2 and 5-Model Projected Average at 10min resolution, High-Range Emissions (RCP 8.5)
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J o Due to variability among climate models and among years in a natural climate system, these graphs are useful for examining
. trends over time, rather than for precisely predicting monthly or yearly values.



Transportation Asset Lifecycle
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Geosystems
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