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The Changing Ocean
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The Changing Ocean

CMIP5 ENSMN RCP8.5 anomaly (2050-2099)-(1956-2005)

Where is global warming going?
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Previous Methods
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Depth Averaged Peak Spring Tidal Currents




SmartFin

What is it?

How does it work?




Rebuilding the Fin S
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Mangrove Monitoring
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Threats to mangroves

e Construction
e Agriculture

e Aquaculture




Boots on the ground




Goals
e Large scale spatial and temporal monitoring

o Detect change in Ecosystems

o Species Classification

o Measure Biomass




Benefits of Satellite Imagery

e Daily imagery

e (over Large Areas

e MultiSpectral Imagery
e Track Change







Near-Infrared
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Satellite Imagery

Goals:

e Vegetation detection
e Mangrove detection

Explored Methods:

e Unsupervised
o Thresholded NDVI
o K-Means
e Supervised
o SVM
o Adaboost
o Random Forest

1 km




Truth NDVI SVM
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Evaluation Metrics
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High Resolution Drone Imagery



https://docs.google.com/file/d/0B8asWMNPsHjhc3ItRW1Pa3pKdjQ/preview




MultiSpectral Imagery: Benefits:
e RGB (390 ~700nm) e Species Distribution
e Red Edge (730 - 740nm) e Population Health
e NearlIR(770-810nm)
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Manual Classification
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https://docs.google.com/file/d/0B8asWMNPsHjhdDROMmJIOGdrMEE/preview




Explored Methods

Drone Imagery: Drone Imagery:

SVM

Gradient Boosted Trees
Random Forest

Convolutional Neural Networks

e Mangrove detection
e Mangrove species classification
e Training satellite imagery classifiers

0.1 km
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Drone Image Classification
Preliminary Results

Normalized Confusion Matrix
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Method: Support Vector Machine with 24000 samples,

linear kernel
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Method: Gradient Boosted Tree with 24000 samples,
tree width of 250, tree depth of 4



Payload Engineering

Parrot Sequoia

e Multi Spectral
e Light weight system

e Testing Flight Times



Fixed-wing Research Platform




survey

Efficiency Improvement i

Lane width: 20 - 100m
Survey grid: 100 - 1000m (side length)
Transit length: 0 - 2000m

Phantom speed: ~7 m/s

Wing Wing speed: ~14 m/s

launch



Efficiency Improvement

Scenario1 | Scenario 2
Lane Width 30m 25m
Survey Grid 300x300m | 500x500m
Survey Distance 3.3km 15km
Transit Length Okm 1km
Phantom Time 8 min 56 min
Wing Wing Time 4 min 18 min

survey




Radio Collar

Project
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Telemetry
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Tracking Iguanas in the Cayman Islands
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2017 Expedition




New Collar Profile

Scope

test: 2017.07.21 .RCTAnechUim

Peaks from each fit of
Raw File of sections in RUN 28
freq bin: 461

test: 2017.07.21 .RCTAnechoim

Peaks from each fit of
Raw File of sections in RUN 28
freq bin: 461
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Field Tests for signal strength

test: 2017.07.14.RCT,
dB signal power of RUN 17 fit

around freq bin: 461 freq bin: 461




Need to be more selective

Filtering Amplification

filter LNA filter mixer




Results from Filtering

Frequency Spectrum - No BPF Frequency Spectrum - With BPF

Collar Freq 5
Reference Bi Reference Bin

No Filtering Band Pass Filtering
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pectrum - No BPF Frequency Spectrum - With BPF
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Results from Amplification

test: 2017.07.21.RCT , nechoict test: 2017.07.21.RCT , nechoict

Peaks (dB) from each fit of Peaks (dB) from each fit of
Raw File of sections in RUN 27 Raw File of sections in RUN 29
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Signal Processing
Challenges

Automatic detection failures
= Requires locating collars manually

Difficult to use detection scripts

Can’t find signg

ot C:\WINDOWS' system32',CMD.exe - DIR /S

LiveContact
e

29/04/2011
LiveContact
08 /085/2011
LiveContact
29,/04/2011
LiveContact
29,04/2011
LiveContact
29/,04/2011
LiveContact
29/,04/2011

iveContact
29,04/2011
LiveContact
29/,04/2011
LiveContact
29/,04/2011
LiveContact
09/085/2011
LiveContact
29/,04/2011
LiveContact
29/,04/,2011
LiveContact

89:20
15:51
09:280
09:20
089:20
89:19
089:28
09:20
89:28
18:28
89:19
09:19

2.384
2.544
2.368
3.328
2.568
2.384
2.992
3.712
2.496
3.848
2.976
3.008

19A3B861-B469-4796-BBD5-ACB5F388A6C5 . Windous ¥
1C4C439E-2CF6-4E18-BA81-DSFBE3C68C61 . Windous

1CDEA2D5-FBF1-46BD-A7E?-65CE1E?9B664 . Windous
1D5796E9-4278-4A2F-B266-61A2BF3DEBS2 .Windows
1D70@E443-AD4C-4F43-A88F-83716EF6C3F2 . Windous
1E35EE75-6534-4728-B527-31B713D4E318.Windous
2851B3CD-1E95-4703-BDCE-571A950536EC.Windous
2852A2BB-6EA1-4689-AB8B-D8C?BE25DA51 . Windous
20F826AE-FFC9-4BB9-8A6B-B9985888892C . Windous
21531CE?-E30E-453E-B91B-555856656E11 . Windous
25EDAFB2-A12D-4189-8F?71-3D378114664C.Windous
26CEE676-BF48—-46AD-BB48-37DEF8F5AE?F .Windous




Algorithms for Automatic Detection
Predictions and Detections

Predict ping
positions

Improve predictions,

Improve detections.




Iris Feature:

Engineering a Pipeline

Sepal Width W i a

Iris-versicolor
[ ris-virginica

from tqdm import tnrange, tqdn_notebook # Radio Telemetry Pipeline
from time import sleep . A
for i in trwlr‘g:g A : 1 ## UCSD Engineers for Exploration, Summer 2017 REU
for j in tnrange(10 d ): #i#t# Required Dependencies
sleep(0.01)
& n [ ]1: import
tstioop: N 25% 1/4 [00:0100:03, 1255 —
import
2nd loop: [ 1 00% 100/100 [00:01<00:00 9 ::“w:
import

from tqdm import tnrange, tqdm_not
from time import sleep
for i in tqdm_notebook (xr
for j in tqdm_notebook(
p(e.e1)

from IPython.html.widgets import =

e arange( . 1.0, 0.01)

def pltsin(f):
Plt.-plot(x,sin(2+pi~t*£))
Plt.show()

interact (pltsin, £=(1,10,0.1)

Fc) / Fsx * FFT_LENGTH ) )

* FFT_LENG!

windows =



Proud Heng

Waseem Khan

Danbing Zhu



FT mwaasiae

Exdent of original locting (with the exception of the north and south lateral lunnels)

El Zotz Structure M7-1 ("Pyramid of the Wooden Lintel")

Plan of the Str. M7-1 tunnel excavations




Profile drawing of the front
of the excavated portion of the Accession Platform



What if we generated 3D computer models?

Tunnel on top of Accession Platform

Accession Platform masks tunnel

Original looter tunnel

Burial 16
Burial 25

Thomas G. Garrison, Dustin Richmond, Perry Naughton, Eric Lo, Sabrina Trinh, Zachary Barnes, Albert Lin, Curt Schurgers, Ryan Kastner, and Sarah E. Newman, “Tunnel
Vision: Documenting Excavations in Three Dimensions with Lidar Technology“, Advances in Archaeological Practice, Volume 4, Number 2, May 2016, pp. 192-204(13)



Goals for 3D reconstruction

Accurate

Portable

Gets real-time results
Affordable

Simple to use

Quick
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Reconstructing 3D computer models

Tunnel on top of Accession Platform

T Original looter tunnel

Burial 16

Light Detection and Ranging (LiDAR)



Reconstructing 3D c
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Light Detection and Ranging (LiDAR)

omputer models

Accurate

Bulky

Results are not real-time
Expensive

Time-consuming



Structure from Motion (SfM)



Reconstructing 3D computer models

Structure from Motion (SfM)

Is it accurate?

Portable

Results are not real-time
Affordable

Quick



Traditional Sketch

Extent of original koong fwith the excapion of the norh and south laeral Rnal)

Lidar scan

Tunnel on top of Accession Platform

Original looter tunnel

Burial 16

Structure from Motion

Accurate ? Y ?
Portable Y N Y
Gets real-time results Y N N
Affordable Y N Y
Simple to use N N Y
Quick \ \ Y




Simultaneous Localization and Mapping (SLAM)




Reconstructing 3D computer models

Simultaneous Localization
and Mapping (SLAM)

Is it accurate?
Portable
Real-time results
Affordable

Quick



SLAM Algorithm (InfiniTAM)
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https://docs.google.com/file/d/0B_zYBkL3GzynNVhXT2NfV3NCd3c/preview

Comparing SLAM algorithms

InfiniTAM ORB SLAM2

RGBD SLAM RTABMAP



https://docs.google.com/file/d/0B_zYBkL3GzynNVhXT2NfV3NCd3c/preview
https://docs.google.com/file/d/0B_zYBkL3GzynU2lCaHk4R0IydEk/preview
https://docs.google.com/file/d/0B_zYBkL3Gzynd1Z0cFRLbXBZXzg/preview
https://docs.google.com/file/d/0B_zYBkL3GzynVHJ4OVpRNzRnT2M/preview

What is a point cloud?




SLAM to LIDAR Ground Truth



https://docs.google.com/file/d/0B5bSCkQaVsjvZzJlUzd5aDdNRkk/preview

Point Cloud Registration



https://docs.google.com/file/d/0B5bSCkQaVsjvRHNIQXJmM2hublk/preview

Error Metrics (point to point, point to plane)

destination ysns
point destination

surface

source

point 7(
source
surface




Point to Plane Error Results

Tunnel name RTABMAP (p2pl) ORBSLAM (p2pl) INFINITAM (p2p)
M7-1(entrance) 0.341261 lost track 1.057848
M7-1(first junction) | 0.407281 0.735962 1.409410
M7-1(right mask) | 0.206746 0.192900 0.251941
M7-1(stairs) 0.655518 0.525535 lost track
M7-1(upstairs) 0.229581 0.269485 0.208416
M7-1(excavation) | 0.153848 no lidar data 0.444810




Future work

WEWE e e

e How can we keep SLAM from losing
track of where it is?

e Can we merge different SLAM
algorithm results?

ANMEEEOIORSe|

e How close are real-time SLAM results
to post-processed results?


https://docs.google.com/file/d/0B_zYBkL3GzynVWdHRFZIcVJUSTg/preview

Thank You



