Everyday Geospatial: New Technologies Anyone Can Afford
for 3D Field Scanning, Point Cloud Processing, Rock Mass
Characterization, Slope Stability (and monitoring)

John Kemeny

2024-25 Richard H. Jahns Distinguished Lectureship In Applied Geology

Professor Emeritus, University of Arizona




Honoring the Legacy of Richard H. Jahns

A Dr. Richard Jahns, professor of engineering geology,
instrumental in the field as teacher, advisor, spokesman

A Lectureship was established in 1988 in sponsorship with ,
AEG and the Engineering Geology Division of GSA. ‘

A Lectureship provides funding for lectures at AEG chapters L
and academic institutions,

A Increase awareness about careers, professional organiza

Al am 37 Jahns Lecturer. Each lecturer different and bring
different perspectivalVhat perspective do | bring?

Dick Jahns
19151983




What | can bring to the Jahns lectures

A Most of my career in rock mechanics, rock engineering

Al have been employed in consulting, government lab,
academia, small business startup, total 45 years

A 35 yrs at University of Arizona, teaching/research in
geomechanics, geospatial, rock fractures, design

A Successful spioff company fromJofA research, 22
years, sold to Hexagon Mining Division

A Since University retirement, focused on Al in Applied
Geology to help combat climate change worldwide

Statue in Reykjavik Iceland



Connections Between My Five Jahns Talks

Rock Mechanics
What 6s 1t

al | about ?

Entrepreneurship and
Careers in Applied Geg

Innovative Monitoring
and Characterization
(with the help of Al)

Everyday Geospatia
for Rock Engineering

Why is that Unstable
Rock Still Standing?
Rock Fracture Mechanic
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Where Did | Go In 20257

ATalks in Jan, Feb, Mar, Apr, Ma:
Aug, Sept, Oct, Nov 2025

A About 50 talks so far (only a
few more left)

A Mostly gave these 3 talks:
A Everyday geospatial (talk 2)

A Unstable looking rocks (talk 3)
A Innovative monitoring Al (talk 4)

Talk 1 2
Talk 2 14
Talk 3 12
Talk 4 18

Talk 5 2
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Theme of all Five Talks: Applied Geology More Important Than Eve

800

Black: Fatal landslides in 2024

700 |

AAppIied Geology needed to combat increased = |
natural hazards due to Global Warming and Climate;
Change foo |

From DaveP e t |Lanygstide Blog

S
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AFires, draught, flooding, tornadoes, debris flows, ©.. |
landslides, sinkholes, rockfall,on the rise o |

A Topics for Today:

AThe Geospatial Explosion
AbEverydaydé and ODemocr
A Everyday workflow rock engineering
A Predicting rock instability usirigdgeAl
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ANew geospatial technologies include hareld
and drone lidar and photogrammetry, Earth
Observation (EO), muksensor (thermal, radar.
spectral), pt. cloud processing software, 3D G [

A Overall new monitoring and geospatial
technologiedransforming field of applied

geology.

A ExampleGeoWeek GeospaciaConference, 200
exhibitors, 3000 attendees, 50 countries

A Excellent entrepreneurship opportunities gosp

&

The Explosion of Geospatial Technologies for Rock Enginelr._\f”"“
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The Need for OEverydayod anoi

A Geospatial technologies are limited by spatial/temporal |
resolution, cost, personnel for learn/use/analyze/maintai

A Everyday Geospatial: the subset of technologies that
are EasyAffordable Automatable Accurate Enough

A Smartphones, inexpensive dronedgeAlsensors,
publicly available satellite (EO), opsource software

A Users include students, schools, hobbyists, compani ‘

A Democratized Geospatial :bringing advanced
geospatial to underesourced communities<Combine

w/ crowdsourcing, DIY kits, geo education Humanitarian OpenStreetMap e (HOT) for Nepal road ds




Focus on Geospatial in Rock Engineering
PR Y o~

ARock Slope Stability
AUnderground Stability

ARockfall occurrences

A Stability of foundations for dams, =,
bridges, and buildings (including % s
scour and dam overtopping)

ARock stability triggering T
and debris flows S



Example of Traditional Slope Stabilitiylane Failure

AHighway slope in
Tennessee

ARoad closed when
rockfall started to

occur, video camera
set up

ANote daylighting
fractures at steep anglé

AAlso recent rainfall




Example of Plane Failure in Tennessee




Example of Plane Failure in Tennessee




Example of Plane Failure in Tennessee




Factor of Safety (FS) for Plane Slope Failure
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AFailure when FS 1 Fracture

AAssume properties (dry)
A FS =1.31 => Stable
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AAdd pore pressure

pov )

A FS reduces to 1.0 => Unstatt




Probability of Failure (POF) for Plane Failure

Joint Dip
0

Mean SD 39.104335
. . . w block weight (MN) 25 38.541333
AASSU me Varlatlon In A joint surface area (m~2) 100 42.87804
theta joint dip 40 5 49.734357
Co joint cohesion (MPa) 0.1 0.02 43.103108
1 phij  joint friction angle 30 5 37.592817
prope rtl eS alpha sesimic coeficient 0 42.818234
b total bolt force (MN) 34.98459
. . . p water pressure (MPa) 0 44.507544
AVariations irf , Co, g S
y y FS FS from Mean values 1.3103488 39.412583
POF  Probability of Failure 13 38.604145
38.049445

APOF = % that fail ° °

APOF = 13% (no . .

Water), 30% Wlth 10 ° i i P H 10

Joint Friction Angle (¢j)
AWith modern
geospatial, lots of
data for POF

Lower Hemisphere

34.107261

0 0.05 0.1 0.15 0.2

Joint Cohesion (C¢

Cohesion Friction angle Factor Safety

Co
0.1074701
0.0824438
0.0591615
0.1236047
0.0881205
0.0921003
0.1285515
0.0570623
0.0909023
0.1403837
0.1199349

0.078015
0.093419
0.1069486

25.96554423

38.8403428
22.63993168

29.1460789
27.90885215

28.6623935
37.06867076
27.65626402
35.57578345
31.93447676
19.32105964
27.74356708
39.58983242
30.49422362

FS
1.280701524
1.540020114
0.796957936
1.120289898
1.081799221
1.313890305
1.571822108
1.146926115
1.246391929
1.690770221
1.182260197
1.158936175
1.662877625
1.632482675

1 for failure
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Everyday Geospatial Tools for Rock Engineering

A Field imaging
A iPhone Lidar
A Smartphone Photogrammetry
A Drone Lidar and Photogrammetry

A Point cloud generation
A Smartphone and laptop apps

Distal 0.003494

nce: 0.
-0.001300 Ji¥44 0.003458

A Point cloud processing  ERE | o e

A CloudCompareand other apps

A Stability Analysis
A Stereonetll and other apps



Everyday Field Imaging Exanibléun and fast): iPhone Lidar

A Example: Sité along Starr Pass Trailhead ”

AiPhone lidar works great for imaging a
slope or the lower portion of a large slopeg

ANeed to be able to get close up (safely),
iIPhone lidar range 5 meters or less

AiPhone apps such &anivers@roduce <
registered higtresolution point clouds (for s
free!) '

A Portable: only notepad and iPhone

Richard E. Genser
Starr Pass Trailhead
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IPhone Lidar Imaging of Star Pass 5z

A Example: small outcrop Starr Pass Trailhead

A First Steps: Step back, evaluate, then take s
manual information to check registration and;
joint set orientations (use iPhone compass tjjs
find North), also key fracture features 2 )

2199
¢ Starpass park lot scan 1jan 11 @
FRLJAN 12,2026 - 115260 2

A Next Step:Scaniversecanning, get within 5
meters, scan over all fractures in outcrop

A Export a fully registered point cloud (.las)

A Accuracy : point cloud geometry accurate,
cloud registration as good as iPhogps




Field Imaging Exam@®euseful & accurate): Smartphone Photc

A Works great for small and large slopes

A Take photos with 5850% overlap
A Distance away-P times height of imaging®

A Some apps will take the photos & produ
fully registered high resolution point clou ) i
(scaniversgpix4Dcatch) T

[] MG_1499 jpeg

3 IMG_1500.ipeg

A Alternative is to exportiphonephotos to ar] [

[] MG_1502.jpeg

app for processing, make sure photos haj s

] MG_1504.jpeg
E] IMG_1505 jpeg

embeddedypsin this case | e

[] MG_1507.jpeg

A Shown here idvietashapéro (19 photos) |{ e e . = "-4 |

IMG_1499

SR . A v - = ™, N
IMG_1502 IMG_1503 IMG_1504 IMG_1505 IMG_1506 IMG_1507



Smartphone Imaging of Star Pass Site

AMetashapéro workflow: """ A
AAlign photos (use High) "~ % W\\

Reference preselection Source

A Build point cloud (I use

M ed I u m) Advanced ‘
A Export fully registered [ cacel | ok | A
o )

CIOUd (laS) Build Point Cloud 7

General

Source data:

ANote Metashap@®ro not ™ et
free (except 30 day trial) .

Advanced



Compare iPhone Lidar vs Smartphone Photogrammetry

AiPhone photos produce
better cloud in this case

AiPhone lidar shows some
fuzziness, though other
iPhone lidar uses are
much clearer (example
below from site 2)




Field Imaging Exam@gbeautiful results): Drone Photos

A Works great for large and very large slopes,
sites with difficult access

A Many photos at different elevations,
perpendicular to slope at each location

A Even lowcost drones have decent cameras (i%
dji mini 3 pro <$800)

A Export drone photos to pix4Dmetashapge
dronedeployetc. Some options are low cost

A Very highquality registered clouds in outcrops How do drone restrictions impact the
with only sparse vegetation

use of drones for applied geo?




A Star Pass Site 3

A > 40 ft slope, difficul
to access close up |

A Photos from DJI
Mini 3 Pro

A 42 photos taken
perp. to slope

A Pt. Cloud from
Metashapéd’ro

A Beautiful pt. clou




Field Imaging Examplgallterrain but expensive): Drone Lidar

A Works for a wide range of slope conditions
include highly vegetated

A Not really everyday: lidar unit expensive, need
more expensive drone for payload, replaceme
or repair expensive if drone lost or crashed

A Multiple lidar returns give tree tops & bare earth

A Shown here examples from DNliatrice 350
drone (~$12k) + DJZenmusel.2 lidar (~$12k)

A A few of these (or similar) can form the basis
a geospatial startup (+ RTK & surveying skills




- 392505.489102 10707709.837262 4739.031003 -209 144 153 86

] 392505.484102 10707709.770307 4738.981342 -348 140 148 89

eX ep - Ve ry ay OI n Ou rocess 392506.092818 10707710.017650 4738.308114 -342 131 140 83
392505.580361 10707709.640553 4738.237727 -281 138 144 100

392505.959373 10707709.697748 4738.177153 -355 154 166 102

392452.698826 10707727.995201 4740.710768 -87 194 203 127
392452.908199 10707727.908383 4740.791367 -109 208 213 136

392452.662342 10707728.064918 4740.932340 -208 180 190 115
392457.849624 10707718.137014 4740.673322 @ 236 219 149

392457.439948 10707717.734767 4740.812493 -256 250 245 175
.585990 10707717.895229 4740.745510 -66 237 221 148
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AWhat is a point cloud : Millions of 3Dxyz
points that represent a topographic surface

A Grayscale point cloud §,y,z+ intensity),
Color point cloud &yz+ rgb)

o

A Color point clouds havesun shadows, Lidar
point clouds havédine of site shadows
A Commonfile types :xyz las, E57, ply

A Accuracypoint spacing < 2cm for geotec
flat wall scan to determine accuracy

A Lidar vs Photogrammetry  (a long story)

e
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CloudComparePoint Cloud Processing Workflow Site

A CloudCompare : all purpose, opeisource
with plugins, free, windows and mac

A 1. Check registration, point spacing and

acCccu racy 2. Rough estimate of size of site (height and width
/0

sets, spacing, roughnepsysisetencgrock
bridges), etc.

A 3. Site characterization: height, width, slope
dip and dip direction

S8 al
ower Hemisphere %8 Stereonef

A 4.Additional information

istance: 0.

[v4 -0.001300 Ji¥4§ 0.003458
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CloudComparePoint Cloud Processing Workflow Site 1

b & star pass site 1 metashape pro med.la... o4 A : Nt . %
> < star pass site 1 metashape pro me... poA & > ?’% & i

v 4« Polyline § < s g

A Four ways to get & i

B 9 > Dip: 062 deg.- Dip direction: 049 ...

fracture orientation: p-jim N

A Outline fracture surface
A Outline a fracture trace

A Spot orientation data on
a fracture (compass plugin)

2 DB Tree

A Auto fracture delineation - o « .o s .

) star pass site 1 metashape pro med - Cloud
4« Polyline

. . © Vertices
A ASSOCIated fractu re Info - v & Dip: 062 deg.- Dip direction: 049 deg.
b @ vertices
# Compressed normals
v & measurements
A Roughness S
¥ 3 Dip: 064 deg.- Dip direction: 066 deg.
@ vertices

1 {4 Compressed normals
A Spacing L

3 63/042
B 66/047
B 60/051
B 58/039
B 61045
& 60/038
3 63/042
B 62/045

[<E<EH<N<E<N<N<N<]




CloudComparePoint Cloud Processing Workflow Site

o 27 g

A Four ways to get
fracture orientation:

A Outline fracture surface
A Outline a fracture trace
A Spot data on a fracture

A Auto fracture
delineation (many many
fractures, show size on plot,
watch for errors &
unwanted delineations,
structure changes)
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Equal area projection - Lower hemisphere

Set Name  |Calculated | Orientation }Fisher KA

Green set Yes 5.9, 239.7 117

Yellow set Yes 86.8, 116.5 41

Orange~set Yes 89.1, 84.1 59

Red set Yes 86.6, 57.3 37
T




