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Introduction

A considerable amount of research has been published on magnitude-frequency distributions and their application
to quantifying the cumulative yield of rockfalls. Why ?
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To upscale, in both time and space, to model cliff erosion =

So...: To compensate for the difficulty in capturing regional scale observations

However...Limitation of assumptions:

non-biased portion of an inventory is representative

apply power laws within limits <

extrinsic controls are constant

all rockfalls in an inventory are statistically independent (although rockfalls exhibit some degree of spatial
and/or temporal path-dependency (Rohmer and Dewez, 2015)

Cons: This approach loses any site specificity or individual location!
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Now...
we need a large
scale data...

24 km North Yorkshire
coast, England, United
Kingdom

Cliffs height:~ 150m at (a)
up to ~20 min (d)

Aerial photos:

(a) Boulby,

(b) Old Nab (foreground) and
Staithes (background),

(c) Kettleness, and

(d) Sandsend.
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Calcerous shale
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<| Late Devensian glacial till

E Interbedded sandstone and
siltstone / carbonaceous muds
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Distance (m)

Figure 1: (a) Whitby cliff: Photo illustrates the near horizontal bedding of
sandstone and sandstone interbedded with siltstone. Capped with
glacial till, (Log modified from Figure 3 in Rosser et al.(2005:365)

Old Nab

CowbarNab

NORTH SEA

2 \)
Boulby Port Mulgrave & eilanas

Skinningrove 5
Ri k Ba: .
R Sandsend

« Fig.2.02b Fig.2.02¢

/ )
Fig. 2.02a o Fig.2.02d

d / TillD
Glaciofluvial deposits \E Saltwick Formation @ Cleveland Ironstone Formation
Devensian Till [[#a7] Mulgrave Shale Redcar Mudstone Formation
- Saltwick, Cloughton Formations Staithes Sandstone Formation - Whitby Mudstone Formation

Figure 2. (a) Map of the North Yorkshire coast. (b) topographical map,
with contours at 20 m intervals, (c) bedrock geology, and (d)
superficial geology.(Modified after Benjamin et al. 2016)
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Data collection

Airborne coastal survey from Whitby to Skinningrove by GeoM for Durham University.
StreetMapper mobile mapping system (MMS) mounted onto a twin engine Jetranger helicopter.

360 degree mobile mapping scanner as opposed to a typical 60 degree field of view airborne scanner (for high resolution data of
the cliff face and the ground).

Length (km) = 24 (scanned in 2 hours).

flying speed (knots) = 40, height (m) = 120
average point density (pts/sq m) = 40 (80 on the cliff faces),
average camera pixel size (cm) = 4

Vertical RMSE (m) = 0.032

Absolute aCCUFacy (Cm) = 3 APPER) mounted on a twin engine Jetranger

Point cloud: ~45,000,000 each year (~450,000,000 before masking)




Gaoim Poinicloud of Runswick Bay

Captured \ning 1he BY0siN 00D B3SIrT] maarted b1 0 Jolaogny Medaopin



http://www.youtube.com/watch?v=2fyhVp4zjgY
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Now...we need large scale data...

e Coastal Cliffs Rockfalls are critical landslide phenomena that significantly impact human activities on top and along
the coast. =

e CloudCompare to process 3D PC from TLS, are often time-consuming and introduce considerable uncertainty in
area and volume estimation (2.5D). =

e Commercial softwares, (ex. Matlab)applying fees with restrictions on use, modification, or distribution .

e Automated long-term volume and erosion rate changes of coastal cliffs are rarely addressed in detail.

To streamline the detachment analysis that contribute to flexible parameters optimisation and updating used data, a

multi-phase processing framework unified into a single script, is highly needed.
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Objectives

1. Software independency (memory issues, installation or GUI)

o Deliverable: Efficient interaction with a computer's hardware and resources using open-sources and

bash script commands
2. Efficient handling of large scale and high resolution PC analysis
o Deliverable: Python environment of dependencies installed on Cloud based computational server

3. Automation of long-term detachment detection and features geometric quantification

o Deliverable: Unified multi-processes codes to calculate volume, erosion, density, area, and shapes

categories with distance area segmentation capabilities
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General
framework

1- Change detection
2- Volume estimation
3- Density & erosion rate

4- Detachments shape
classification

COBRA.py

Pre-processing (Automated) Pre-processing (manually)
Removal Using ML Independents ’ Removal Env. /Data preparation | RCIS
Low density Deasity GeomeinsTopagraphiy.- Low density Segments of distance —
Dominant vegetation ~ et i Dominant vegetation Server setup s

raining library t ol ; :
Talus and Scree J I Vegetation; Talus: infrastructure. l Verticality process Python libraries .Q
Infrastructure
Phase 1 (Detachment 3d Change detection) l Phase 2 (Detachment volume)

K-Diam Tree: identification of discontinuity Create an octree to voxelize the point cloud

planes divides the PC into small planar patches D voxelization(cluster_points, max_depth) —

Label connected components

— @ =
Phase 4 (Shape classification) Phase 3 (Density/erosion per segment)

Detachment classification based on Sneed and Folk 1 Calculate_mesh_area using Poisson Surface

ternary diagram (Cubic, Platly, Elongate) Reconstruction per segment <

Count, Volume, frequency along distance segments L 2. Export results .csv and (optional) segment to .ply

s

COBRA.sh for linux automation and COBRA _main.py for general usages

Load PC1, PC2 Insert KDTree epsilon = 0.5 (Refine
Load distance segments *.csv mesh segments based on cliff points

# Parameters

max_scale = 0.7 # Normal diameter

search_scale =10 # Projection diameter voxel_size = Auto (or insert value)

min_points_for_stat = 6 Insert Min number of points to calculate volume = Default
subsample_radius = 0.15 10 (Min.5)

min_cluster_points =20 # Min points for shape analysis Filter Min. volume = Default 0.001

Change detection mask range = to
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Annual statistics

14
m Standardised yield (m3 m-1 yr-1)
12

Cliff average area (m2) = 265,480 (Volume/Length)

Cliff length (m) = 14,990 I I I I

2014-2015 2015-2016 2016-2017 2017-2020 2020-2022 2022-2023

008 56 20,000

H Count

m Erosion rate W Average detachment volume (m3) 18,000
® Volume (m3)

0074 m Density 60 -

m STD of detachment volume (m3) 16,000

0.06

ATATINERTH

0
oo S GG U <l 2014-2015  2015-2016  2016-2017  2017-2020  2020-2022  2022-2023 2014-2015 20152016  2016-2017  2017-2020  2020-2022  2022-2023
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Magnitude-Frequency Distribution (MFD) and Fitted Power Law

Magnitude-Frequency Distribution (MFD) and Fitted Power Law
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PLATY

Detachment shapes

classification

(Sneed and Folk Ternary diagram)

Volume Classes
0.010-9.510 m*
95510 -19.010 m*
19.010- 28510 m*
28,510 -38.010 m*
38.010 - 47.510 m*
47.510-57.010 m*
57.010 - 66.510 m*
66.510 - 76.010
85.510-95.010 m*
95.010 - 104.510 m*
104,510 - 114.010 m*
114.010- 123,510 m*
123,510 -133.010 m*
133.010 - 142.510 m*
142.510 - 152.010 m*
152.010 - 161.510 m*
161510 - 171.010 m*
190.010 - 199.510 m*
247.010 - 256.510 m*
266.010 - 275.510 m*
332.510'; 342.010 m*
361.010 - 370,510 m*
427.510- 437.010 m*
446,510 - 456.010 m*
560.510 - 570.010 m*
912,010 - 921510 m*
959.510 - 969.010 m*
1624.510- 1634.010 m*
.

S

coMPACT

2014-2015

Ayl
.
oo
..

(L=nL-s)

Volume Classes
0.010-42.839 m*
42.839 - 85.669 m*
85.669 - 128.498 m*
128.498 - 171.327 m*
171327 - 214.157 m*
214.157 - 256.986 m*
256.986 - 209.815 m*
299.815 - 342.645 m*
342.645 - 385.474 m*
385.474 - 428.303 m*
428.303 - 471133 m*
471.133 - 513.962 m*
513.962 - 556.791 m*
599.621 - 642.450 m*
642.450 - 685.279 m*
770.938 - 813.767 m*
813.767 - 856.597 m*
942.255 - 985.085 m*
1027.914 - 1070.743 m*
1327.719 - 1370.549 m*
1927.330 - 1970.159 m*
2998.063 - 3040.893 m*
3255.039 -3297.869 m*
4411.431 - 4454.261 m*
5653.482 - 5696.311 m*
7323.826 - 7366.655 m*

L=nrie-s)

2016-2017

ELONGATED

PLATY

(L=nrie-s)

2017-2020

ELONGATED

SIL

©e 000008 c0®eceesesesc0esc0ssoce e

Volume Classes.
0.010-2.613 m*
2.613-5.216 m*
5.216-7.819 m*
7.819-10.422 m*
10.422 - 13.025 m*
13.025 - 15.628 m*
15.628 - 18.231 m*
18.231-20.834 m*
20.834-23.437 m*
23.437-26.040 m*
26.040 - 28.643 m*
28.643 - 31.246 m*
31.246 - 33.850 m*
33.850 - 36.453 m*
39.056 - 41.659 m*
41,659 - 44.262 m*
46.865 - 49.468 m*
49.468 - 52.071 m*
52,071 - 54.674 m*
57.277-59.880 m*
67.689-70.292 m*
72.895 - 75.498 m*
75.498 - 78.101 m*
78.101 - 80.704 m*
85910 - 88,513 m*
93.719-96.322 m*
98.925 - 101.528 m*
111.941 - 114.544 m*
174.414 - 177.017 m*
182.223-184.826 m*

GATED
231.680 - 234.283 m*

369.641 - 372.244 m*
445.130 - 447.733 m?

COMPACT

/

Volume Classes
0.010-9.759 m*
9759 - 19.508 m*
19.508 - 29.257 m*
29.257 - 39.005 m*
39.005 - 48.754 m*
48.754 - 58.503 m*
58.503 - 68.252 m*
68.252 - 78,001 m*
78.001 - 87.750 m*
97.499 - 107.248 m*
107.248 - 116.996 m*
126745 - 136.494 m*
165.741 - 175.490 m*
175.490 - 185.238 m*
214.485-224.234 m®
331.471-341.220 m*
341.220 - 350.969 m*
389.965 - 399.713 m*
409.462 - 419.211 m®
506.951 - 516.700 m*
584.942 - 594,691 m*
789.668 - 799.417 m>
1364.851 - 1374.600 m*
1667.065 - 1676.814 m*

PLATY

(L=nnL-s)

2020-2022

© 006000060 e5®06060 0000000000000 000000

Volume Classes
0.010 - 14.101 m*
14.101-28.191 m*
28.191 - 42.282 m*
42.282 - 56.372 m*
56.372 - 70.463 m*
84.554 - 98.644 m*
98.644 - 112.735 m*
112.735-126.825 m*
126.825 - 140.916 m*
140.916 - 155.007 m*
155.007 - 169.097 m*
169.097 - 183.188 m*
183.188 - 197.278 m*
211.369 - 225.459 m*
239,550 - 253.641 m*
253.641 - 267.731 m*
281.822-295.912 m*
295.912 - 310.003 m*
324.093 - 338.184 m*
352.275 - 366.365 m*
366.365 - 380.456 m*
380.456 - 394.546 m*
450.909 - 464.999 m*

464.999 - 479.090 m*
493.180 - 507.271 m*
521.361- 535.452 m*
535.452 - 549.543 m*
549.543 - 563.633 m*
577.724 - 591.814 m*
803.173 - 817.263 m*
915.897 - 929.988 m*
944.079 - 958.169 m*
1042.713 - 1056.803 m*
1690.879 - 1704.970 m*
2409.498 - 2423.589 m*

L= -5)

2015-2016

hY
GATED

ELONGATED

Volume Classes
0.010-12.077 m*
12.077-24.144 m*
24.144 - 36.211 m*
36.211-48.278 m*
48.278 - 60.346 m*
60.346 - 72.413 m*
72.413 - 84.480 m*
84.480 - 96.547 m*
96.547 - 108.614 m*
108.614 - 120.681 m*
144,815 - 156.882 m*
168.949 - 181.017 m*
181.017 - 193.084 m*
241.352 - 253.419 M
277.553 - 289.621 m*
325.822 - 337.889 m*
410.292 - 422359 m®
965.378 - 977.446 m®
1267.056 - 1279.123 m*
2063.485 - 2075.552 m*

(L=-ne-s)

2022-2023

ELONGATED
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2015-2016 results

Volume-Frequency Distribution (MFD) of Rockfall

Magnitude-Frequency Distribution (MFD) with Normal Distribution
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0.005 -

0.000 -

= Fit: p = 4.07, 0 = 45.13
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2015_2016_results_rockfall_count for the Year 2015 2015_2016_results_erosion_rate for the Year 2015
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Volume of Rockfall shapes
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2015-2016 (continue)

Rockfall shape monitored along the North Yorkshire coast, UK
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Example of Detachments 2014-2015
2014 (before)

Detected detachments
Vol= 447 m3

2015 (after)




==Durham Example of Detachments 2015-2016
University

. 2015 (before)

Detected detachments
Vol= 797 m3 (red)

2016 (after)
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Challenges with large scale areas..!
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Mesh error with complex shapes

Count :calculated based on items within Length Segment, Area :calculated based on Area
Segment.

Areas segments value are misrepresented towards the Edges.Slope with a single segment
and with less complex facets have better area representation

The areas segments are not equal, it built on
concept of dividing the shape into mesh to measure
the areas (x-axis represents the center of area
segment)

2015_2016_results_rockfall_count for the Year 2015

Area segments



Visibility Issue

Detected detachments
Vol= 23.5 m3
Vol= 59.8 m3



¥ Durham 2016 (before)

University

Detected detachments
Vol= 28.5 m3

Talus Slopes (large, boulders that have accumulated on
a hillside from higher up cliffs)

Scree field (small rocks accumulated on a hillside from
higher up cliffs)
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Validation

LiDAR
using StreetMapper mobile mapping system (MMS)

Points: 152,650

TLS STREET/\/| APPER) mounted on a twin engine Jetranger

using A Riegl VZ-1000 instrument-target range of 2.5 — 1 400 m, an accuracy
of 0.008 m, and an 0.005 m

Points: 903,161

* Both scan have different dates, therefore, we extended the detection span
for years 2015,2016,2017.
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Detachments Volume validation (LIiDAR)

Display ranges | Parameters

0.04683219 %! displayed | 121.53012848

}

0.04683219 | saturation | 121.53012848

T
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Detachments Volume validation (TLS)

Display ranges | Parameters

0.00513971 2| displayed | 119.77480316 =

0.00513971 | saturation | 119.77480316 |-
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COBRA.py TLS (4182.31)

Detachments Area (m2) validation (LIDAR-TLS) using different measures

COBRA.py LIDAR (4182.13)

CC & Meshlab (4186) |CC & Facet

shading

Color

Back-Face

Faces: 21,928
Selection: v: 0 : 21,928




==Durham

University

No obvious mesh error

_|_ Upper boxes are
Area segments

Lower Squares are
Distance Segments

100
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Final remarks

- Slope with a single segment and with less complex facets have better area representation
- algorithm selection criteria considered the processing cost and speed

- CC CANUPO plugin is effective, but it causes reduction in PC where vegetation is low or not correctly presented
(interference between training data).

- Processing speed: ~5 mins (80,000 Points using Laptop) to ~18 hours (40,000,000 points using Server)

Ongoing work:

- Library of Slope cover features (different vegetation, talus, scree, buildings..etc)

- Vegetation, Talus and Scree extraction using ML with auxiliary data A

- parameterization using bash script, toward friendly usages experience Nindows s home for dev@localhost:/#

Windows Subsystem For Linux



https://blogs.windows.com/buildingapps/2016/03/30/run-bash-on-ubuntu-on-windows/
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