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Remote optical sensing could provide rapid, broad

area assessment of open systems
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/AN\TP? Hyperspectral sensing can now be
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e (l@ployed on small agricultural drones




/N\TP? Hypothesis: (1) Bulk optical biomarkers specific to
° Algae Testbed PP&Cs exist and (2) they can be detected via

Public-Private Partnership

standoff remote sensing

221-227 (2014).

Optical sensing does not require physical sampling, nor does it
rely on the transport of aerosols/vapors to the sensor

Only require a line-of-sight
Signatures are fully scalable from the beaker to the satellite
But PP&Cs must first produce optical responses

Detect “functional” pest presence for P&P

Photos from R. C. McBride et al., “Contamination management in low
cost open algae ponds for biofuels production,” Indust. Biotechnol. 10,

http://earthobservatory.nasa.gov/Features/Redtide/
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AN\TP? Dual-Channel Spectroradiometer
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e Diffuser randomizes
the direction of
incoming light

* Fiber captures light
from all
downwelling angles

e Refractive indices of
core and cladding
limit field-of-view to
25° cone of light

Escapes into /
cladding
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Trapped by core
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/N\TP? ATP3 Deployment: Monitoring All 6
< Algae Testbed
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N\TP? Reflectance depends on single-
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e packscattering albedo u(A)

Incident light L

@ Backscatter contributes
'\ /’ to reflectance

AN A
— g
<« —
Scatter e ~ Forward scatter is
/ ‘@' undetected
Backscatter(A) _ b,(A)

u(A) =

Backscatter(A) + Absorption(A) b,(A) + a(A)



ATP®  «(d) = a(A) + b,(A)
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s 1f@ light penetration = 1/k(A)
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AN\TP? Data are analyzed via a solution of the radiative
* Aigae Testbed transfer equation which accounts for the physics

T of light interacting with the pond, etc.

CUI_Sar or cloudy conditions | Water absorption

4{ at 22°C
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dependence

Multiple scattering:
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Z. Leeetal., Appl. Opt. 2-
50, 3155-3167 (2011).
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D. A. Toole et al., Appl.
Opt. 39, 456-469 (2000).

Same a(A) and b,(A)




/\-l-ps A-SHARP (Analysis-Software for Hyperspectral Algal
A Reflectance Probes) now provides our partners the
Algae Testbed . . .
Public-Private Partnership capability to perform real-time analysis of reflectance data

4\ A_SHARP =N ol ™<=

Save Advanced E
Inputs Run
RoadRRinhcagg 9 v Run Analysis “ View Data Busy
l Select Pond Folder l P9 Continuous
l Select Sky Folder l Down
Status
l Select First File l 00286 l Select Last File 04071 Number of Files: 588

Current File: 588

Organism: Mannochloropsis salina - .
9 P . Current Process: Exporting

Current Fit Plot
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A\TP? Optical biomarker for competitors:

Algae Testbed

—ewenes Changes in the absorption spectrum

. Nannochloropsis

- exhibits distinct

- absorption features
due to Chl a and
carotenoids...
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... While diatoms
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Detection of Diatom Invasion
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/,;\TPE Predator Detection
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Predators will eventually clear a pond...
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Photo from S. Park et al., “The selective use of hypochlorite to prevent pond crashes for algae-biofuel
production,” Water Environ. Res. 88, 70-88 (2016).

...but another biomarker will appear before that
happens.
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Optical Biomarker for Predators: 708-

nm absorption feature
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M. Vernet et al. “Evidence
for a novel pigment with in
vivo absorption maximum
at 708 nm associated with
Phaeocystis cf. pouchetii
blooms,” Mar. Ecol. Prog.
Ser. 133, 253-262 (1996).
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protistan herbivory,” PNAS 109, 17328-17335(2012).
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/N\TP® Summary: Advantages over Current
o il Practices

Having previously demonstrated in-situ measurement of
biomass and pigment optical activity, we have now
demonstrated the potential for real-time detection of predators
and competitors. Our method...
... IS non-sampling,
no laboratory access required
... integrates physics of light transport into the data analysis,
no extensive pre-calibration required
... IS hon-contact,
reduces instrument fouling
... allows for fully autonomous operation,
has been deployed for >3 years in the field
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Current pond-side embodiment
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Single-FOV systems Airborne agricultural drones

(~53K)

Handheld smartphone spectrometer, Allied Scientific Pro
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