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2EEY,

" Objectives

® Hysteresis in the relationship between turbidity and suspended-
sediment concentration has been attributed to changing particle
size distribution (PSD).

" Current methods to measure PSD are time-consuming and/or very
expensive.

" Pilot Project:

" We are developing methodology to continuously monitor PSD
using relatively inexpensive ‘off-the-shelf’ equipment and
software in order to increase the accuracy of turbidity-based
suspended-sediment records.
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2EEY,

" Background
" Turbidity-SSC spectral response using satellite remote sensing
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Empirical models for large rivers, estuaries, reservoirs
Shorter A (450-590 nm, UV-visible) = lower SSC
Longer A (630-900 nm; visible-NIR) = higher SSC

Log-linear below ~600-800 nm, linear ~600-800 to 1,050 nm
Linear <500 mg/L, non-linear >500 mg/L

R2 ~0.80-0.92

For SSC <2,000 mg/L, many studies <250 mg/L



2EEY,

" Background
" Turbidity-SSC spectral response using satellite remote sensing
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2EEY,

" Methodology - Overview

. Acquire photographs of river surface

Normalize imagery to account for variation in ambient light
. Collect concurrent suspended sediment samples

. Analyze samples for PSD (& SSC)

Discover and demonstrate a relationship between imagery and
particle size = build an empirical regression model
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Progress

" Current status
" Pilot project site selection — DONE
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Progress

" Current status
" Pilot project site selection — DONE
® Camera system selection — DONE

| | MCSETUPS.BIM f3/2014 1:57 PM EIM File

clamp & rall

lerel

-

o o

‘batteries &eards

'*V,,«

white balance reference card

a2 USGS



Progress

® Current status

" Pilot project site selection — DONE
® Camera system selection — DONE

" |nitial field data acquisition methods — DONE

Particke Sow 1mage Stand AWg Proceounes USGS VHPOVO - Survallance
5 A R. Mosbruckes

camera : Particle Size Image Capture at FTP Using a Nikon DSLR

G 7 s Progroaee. Cascnd icoma Obsers
(FHwre 1ug) Grax

Leportant Coutarts:

Adam Moshouckes asooshouckes@uags gov

¥ OBJECTIVE:

Acquire smages of nver surface for pamcle size anabvas

{ lons for dfata

field of view

| Spare banery 30d
Spare SD and'os CF mes

Ten vt hood sed coves
CF & SD nwmory cards with sufby
- Malbperae ~ o L) Rl
J O7man clear hiltey | Fuedd Lapeop wath Control
67 UV fiter software (Panasons: Toughibook LT165
an cwowds polaszuy filtes Toan ot loaded) with wuefSicient bassery
L+ WiuBA seference cud | pomed and'or venmes
Camera moust. cousishag of
93 lew raul w234RC
RO panuir head

ﬂ# gage height (ft} Jexung cloth A':; ..:;l:: "




Progress

® Current status

" Pilot project site selection — DONE
® Camera system selection — DONE
® |nitial field data acquisition methods — DONE
® Data acquisition — DONE
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Progress

" Current status
" Pilot project site selection
= Camera system selection
Initial field data acquisition methods
® Data acquisition
" Sample lab analysis




Progress

® Current status

" Pilot project site selection — DONE
® Camera system selection — DONE
® |nitial field data acquisition methods — DONE
" Data acquisition — DONE
= Sample lab analysis — DONE

" Image processing/regression work — IN PROGRESS
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Progress

® Current status

Pilot project site selection — DONE

Camera system selection — DONE

Initial field data acquisition methods — DONE

Data acquisition — DONE

Sample lab analysis — DONE

Image processing/regression work — IN PROGRESS
Manuscript writing — IN PROGRESS

EVALUATION OF CLOSE RANGE REMOTELY SENSED MULTISPYCTRAL
IMAGERY TO QUANTIFY THE EFFECTS OF PARTICLE SIZE DISTRIBUTION ON

INSTREAM IURBIDITY

Adars BOVEesboncker, Kaee R Spicer, and Tami 8. Christlansan, 1,5, Gealoghoal Sarvey,
Cascades Velesaw Obaers stery, Veacsver, WAL smenbrucker i wogrgoy

INTRODUCTION

FY2014

Instrumentation design and imstallation December-January

Field data collection January-June
Particle size analysis — CVO sed. Lab February-August
Digital image analysis and regression February-September
Prepare peer-reviewed report September-October

November

* SEDHYD 2015 paper, Nov. 239 deadline



Results

= Sample lab analysis, >100 total including EDI’s
® SSC for 26, full-size analysis for 9 samples
m 262 — 7,339 mg/L
" 08.2 —100.0% < 0.5 mm (med. sand - clay)
" 27.8-94.3% < 0.063 mm (silt - clay)
" 0.5-32.5% < 0.004 mm (clay)
" 4.4 - 24.3% < 0.002 mm (mineral clay)
" Turbidity range = 79-4,170 FBRU
" Trends =rise, peak, recession, trough
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Results

" Vertical profiles
" Full-depth DI vs. surface (20-30s, 3/16” nozzle)
" Turbidity (most sensitive to fines, DTS-12)

PSD sample vertical
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Results

" Vertical profiles
" Full-depth DI vs. surface (20-30s, 3/16” nozzle)
" Turbidity (most sensitive to fines, DTS-12)

DTS-12 turbidity values at PSD Imagery Station
NF Toutle River (14240525)
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Results

" Photographs, >700 frames
" Exposure bracketing sequences (EV) — prevent data clipping

" Filters (clear, ultraviolet, polarizer) — clip UV, change geometric
effects at water-air boundary

" File type (RAW, NEF, TIF, JPEG) — degree of signal processing
= Bit-depth (8, 16, 32) — data precision, range
" Color space (sRGB, Adobe RGB, ProPhoto) — data precision, range

79.0000 255.0000 126.6484 23.73
£3.0000 218.0000 130.679:
£2.0000 188.0000 105.120 3.0 138.0000 89.3306
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Results

" Image analysis matrix is enormous

" Exposure: 9 EV values + HDR combination 10
" Filters (field): clear, UV, polarizer 03
" File type: RAW, NEF, TIF, JPEG 04
" Bit-depth: 8, 16, 32 03
® Sample result: SSC, %course, sand, silt, clay 05
= Sample depth: full, surface 02
® Sample trend: rise, peak, recession, trough 04
" Filter (PP): low-pass, histogram equalization 02
" Band combinations/ratios (i.e., indices) many

" This gets BIG, FAST =>160,000 uniqgue analysis possibilities

a2 USGS



Results

" Initial pairing of photographs & samples

Matched using clock time; set max A, = ~30 min

Focused on samples with more complete lab analysis

Chose three particle size classes: <0.063%, <0.004%, and <0.002%
Started with EVO, 8-bit JPEG files, AdobeRGB color space

Used ArcGIS Band Collection Statistics tool to compute min, max, mean,
std, cov for each of three bands

Used a correlation matrix in Excel to initially explore relationships
Continued exploring relationships by simple linear regression plots

12 datasets, 83 pairs, 14 withheld for bootstrapping accuracy
assessment
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Results

" |nitial simple OLS regression models tell us...

" For the clear filter, full-depth samples are generally more strongly
correlated than surface or all samples

UV filter improves silt-size grains a little; better resolution in R-band

" G-band is most useful for silt-clays, but strongest correlations come
from R- and B-bands

" | ow pass filter improves relation to clay-size grains
32-bit ProPhotoRGB didn’t perform as well as expected
" 16-bit NEF-TIF conversions may prove useful
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Results

" Best models so far...
" B-max from EVO, clear filter, 8-bit JPEG vs. full-depth %<0.063 mm
"n=11
" R?=0.489 MAX Line Fit Plot
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Results

= Best models so far...
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"n=11

" R2=0.777

® Significance F =0.000
" P-value = 0.0003

B-max vs. full-depth SSC
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Results

" Best models so far...
" B-max from EVO, clear filter, 8-bit JPEG vs. full-depth SSC
"n=11
" R2=0.915

B-max vs. full-depth SSC

y =-38.65In(x) + 473.78
R?=0.9147
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Challenges

" Spectral response curve of our camera

200 300 400 500 60O 700 B8O 900 000 1100 1200
Wavelength, nm

D800OE native sensor
A = ~300-1,250 nm

D800OE UV-IR cut filter
A =~380-680 nm

B = 380-620, peak 470 nm
G = 380-680, peak 540 nm
R = 380-680, peak 590 nm (most leakage)
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Profilocolore Sri, 2013



Possible Solutions

= Spectral response curve of our camera

Nikon D80OFR - Curve di Sensibilita Spettrale - www.profilocolere.com
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Challenges

® Other

" How to mine these data more effectively?
" Site/sensor specific?
" Need more pairs, especially with full-size analysis

" Give up on PSD and shoot for SSC?
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What’s next?

® \Where do we take this from here?

" Continue to explore processing — polarizer, filters,

" Try a semi-empirical approach using optical and radiative transfer
theory (e.g., Volpe et al., 2011; Kilham et al., 2012)

" Band ratios — may reduce effects of sky reflection, refractive
index, etc. in highly turbid waters

" NIR filter and/or longer exposures — low energy level of upper-
end of spectra

" Modify camera (remove OLPF/UV-IR cut filter)
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What’s next?

® \Where do we take this from here?

" |nstall camera at station to continuously take photographs

" Write batch processing scripts for automation of image analysis
(most likely on-site)

" Develop a piecewise defined function to select the most accurate
equation in real-time, based on these data
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