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Introduction and Outline

 The Hyperspectral Imager for the Coastal Ocean
(HICO)

e Derivative Analysis

—The Elwha River Dam removal

— Columbia River

—Yangtze River

Monterey Bay Phytoplankton blooms
Phase Difference Function

— San Francisco Bay
Cyanobacteria blooms in lakes
HICO Summary



C.j\ Ocean (HICO)?

» HICO is an experiment to see what we gain by imaging the coastal ocean
at higher resolution from space.
» The HICO sensor:
> first spaceborne imaging spectrometer for coastal oceans
» samples coastal regions at <100 m (400 to 900 nm: at 5.7 nm)
» high signal-to-noise ratio to resolve the complexity of the coastal
ocean
» Sponsored as an Innovative Naval Prototype (INP) by the Office of Naval
Research: Goal to greatly reduce cost and shorten schedule.
» Start of Project to Sensor Delivery in 16 months
» Launched September 10, 2009; over 9000 scenes imaged to date
;o HICO image of

Hong Kong, October
2, 20009.

HICO is integrated
and flown under the
direction of DoD’s
Space Test Program
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Presentation Notes
Taking the derivative de-emphasizes the broad features (Rayleigh scattering) and amplifies narrow band features.  Typically must smooth the data first with a cubic spline  or Savisky-Golay filter.

Derivate spectroscopy methods are useful in untangling spectral components when the underlying scattering or absorptive features have significantly  deferent half widths. Consider the sketch of a simple at-sensor spectrum shown in Fig. 8. The broadest feature is the Rayleigh scattering which is the monotonically decreasing signal across the spectrum from blue to red. Taking the first derivative will deemphasize this broad scattering signature by essentially subtracting a baseline from the initial spectrum. Typically either the 2nd or 4th derivatives are examined. The 2nd derivative shows similar extrema locations as the original spectrum, but with the opposite sign. Examining the 4th derivative recovers the sign. To minimize noise in taking the derivative, the original spectrum is smoothed and interpolated before the derivative calculation. This can be accomplished with cubic splines, or more commonly, Savisky-Golay filters are employed.13
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Presentation Notes
The Elwha River is being returned to its natural state. The largest dam-removal project in history began in Septem­ber 2011 on the Elwha River of Washington State. The project, which aims to restore the river ecosystem and increase imperiled salmon populations that once thrived there, provides a unique opportu­nity to better understand the implications of large-scale river restoration14. One of the consequences was the release of more than 19 million cubic meters of sediment stored in both res­ervoirs into the downstream system.  We have been monitoring the sediment plume entering the Straits of Juan de Fuca at the Elwha River mouth to look at the redistribution of those sediments.  


OSU Hico Lake Aldwell after dam removal
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Columbia River Plume Derivative Analysis

(a) Derivative of HICO Spectra (b) HICO Columbia River Swath 23 July 201 |
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Presentation Notes
GOAL is to develop specific product indicators based on L1B HICO regional data. In some sense
we are trying to generalize products like MCI and FLH to a larger collection of products 
(specific types of sediments and  Algal matter).  
by identifying ‘spectral signatures’ of particles in the water column in a specific region. This is possible because of
The 10X improvement in spectral resolution due to HICO over past space borne spectrometers.

The basic algorithm is:

Dark pixel subtractions
2. Spectral smoothing (cubic spline)
3. First Derivative (center difference)
4. Attempt to Identify peaks in first derivate with specific sediment (eg. Hematite) or algal types (Akashiwo sanguinea),
5. Use Singular Value Decomposition (SVD), aka as ‘the method of Principal Components’, to decompose the 
derivative spectrum and correlated with target products.
6. Produce an image (indicator map) of targeted product.

Reference: Presentation at 'Oceans Optics XX,' 27 Sept -- 1 Oct 2010, Anchorage, Alaska.�Indicators of plumes from HICO. (Tufillaro, Davis, and Jones).
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(a) HICO 12 May 2012 image of the Columbia River Mouth showing
transect used for selecting spectra. (b) The first derivative of the
spectrum shows (negative) extrema around 595 nm for sediment-laden
waters.
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GOAL is to develop specific product indicators based on L1B HICO regional data. In some sense
we are trying to generalize products like MCI and FLH to a larger collection of products 
(specific types of sediments and  Algal matter).  
by identifying ‘spectral signatures’ of particles in the water column in a specific region. This is possible because of
The 10X improvement in spectral resolution due to HICO over past space borne spectrometers.

The basic algorithm is:

Dark pixel subtractions
2. Spectral smoothing (cubic spline)
3. First Derivative (center difference)
4. Attempt to Identify peaks in first derivate with specific sediment (eg. Hematite) or algal types (Akashiwo sanguinea),
5. Use Singular Value Decomposition (SVD), aka as ‘the method of Principal Components’, to decompose the 
derivative spectrum and correlated with target products.
6. Produce an image (indicator map) of targeted product.

Reference: Presentation at 'Oceans Optics XX,' 27 Sept -- 1 Oct 2010, Anchorage, Alaska.�Indicators of plumes from HICO. (Tufillaro, Davis, and Jones).
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(a) HICO Columbia 8 July 2010

(b) HICO Columbia 23 July 2011

¢) HICO Columbia 12 May 2012

HICO images of the
Columbia River
Mouth. The top

images show RGB for
the indicated dates.

The bottom images
are river plume

sediment maps based
on derivative analysis.
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Presentation Notes
The Columbia River is the largest river in the Western United States collecting water from 5 states and British Columbia, Canada.  The Columbia River plume is one of the dominant features of the California Current System and it plays a key role in the physical and biogeochemical functioning of that system off the Oregon and Washington coasts.  The traditional picture of the Columbia plume is that it is oriented southwest offshore the Oregon coast in summer and north along the Washington coast in winter.  Recent studies by Hickey et al.19 have shown that it is more complex and typically bi-directional in the summer with branches both north and south with the features moving in response to changing wind stress. 
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HICO data shows plume complexity
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Comparing RISE Synthesis view of the plume (Hickey, et al, 2010, JGR 115:

C00B17) and Columbia River 13 July 2010 HICO sediment product using
Derivative Analysis (N. B. Tufillaro, preliminary results)
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Yangtze River, China

HICO Yangtze 10 November 2009 (b) HICO Yangtze 18 January 2010 : (c)
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HICO images and derivative spectra of the Yangtze River in China. Using collections

of images we are building up signatures to distinguish the constituents of the water
column for this region. This sequence of images and spectra illustrates a consistent
(negative) extrema for Yangtze River sediments in the second derivative around 605
nm. The spectra are taken from the rainbow-colored transect indicated in each image.
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Presentation Notes
The Yangtze (Changjiang) River, the largest river in China and fifth largest in the world, provides a dramatic example of sediment and nutrient transport.  The Yangtze River inputs a large amount of nutrients and sediments into the East China Sea (ECS) which is home to one of the largest and most productive fisheries in the world.  Construction and filling of Three Gorges Dam is dramatically reducing the water flow and nutrient input to the ECS affecting this important fishery15.  The Yangtze carries a large sediment load16 and the coastal waters are highly reflective as shown in the images.   



HICO RGB image and (b) sediment product map for Yangtze River, China on 6 July
2010. Fig. 2 (c) shows the second derivative of the spectrum around 605 nm, which is
more sensitive to sediment concentration than the 620 nm MERIS band 6. Our HICO

product algorithm automatically optimizes the product algorithm to weight data more

heavily around 605 nm when trained on Yangtze regional historical data, like those
presented in the previous slide.
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Characterization of
phytoplankton in Monterey
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color image (a) used
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(Ryan, et al., Remote
Sens. 2014, 6, 1007-1025)
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Presentation Notes
Characterization of phytoplankton in Monterey Bay from a suite of algorithms. The HICO image was acquired on 6 November 2012. The enhanced color image (a) used bands centered at the 466 nm (blue), 554 nm (green), and 708 nm (near infrared, to emphasize signal of the red tide). The continuous spectral from HICO allows the evaluation of existing algorithms and testing of a new algorithm (ARPH) using the same data set for all the products.  
(Ryan, et al., Remote Sens. 2014, 6, 1007-1025)
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Presentation Notes
Figure 2. A) HICO normalized water leaving radiance image of Northern San Francisco Bay (top), San Pablo Bay (middle) and Suisun Bay (bottom) showing the incoming tide converging with the river flow at the mixing zone in San Pablo Bay.  B) selected spectra from the scene.  The two highest reflectance spectra are from the null zone.  C) Blow up of the red box in A) to show more detail in the null zone.  Vertical mixing in the null zone retains particles and additional sediments are entrained from the shallows on the north side (left in this image) of the Bay.


@l Adapting Signal-Processing Techniques @De

We are investigating combining a number of signal processing techniques for analysis
of HICO data. Though the methods might appear distinct, in fact, each one implements
one step in our paradigm for embedding, manifold reconstruction, and projection. For
Instance ‘derivative spectroscopy’ essentially is the method for ‘embedding’. ‘Sparse
signal processing’ contributes a (run-time) computationally effective method for
‘manifold reconstruction’. Our example algorithm using nonlinear optimization
Illustrates an efficient method for projecting which can preserve clustering separation.

Topic Application in Manifold Framework for
Target Generation

Derivative Spectroscopy Embedding

Sparse Signal Global Manifold Reconstruction and
Processing Projections

Nonlinear Optimization
(Peak Finding) Projections

Tufillaro, N., 2012, “The shape of ocean color,” book chapter in From Laser Dynamics
to the Topology of Chaos, R. Gilmore and C. Letellier eds., World Scientific
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Presentation Notes
We are investigating a range of signal-processing techniques that we are considering adapting for application to the estimation of ocean color products.  Though the methods might appear distinct, in fact, each one implements one step in our paradigm for embedding, manifold reconstruction, and projection. For instance ‘derivative spectroscopy’ essentially is the method for ‘embedding’.  ‘Sparse signal processing’ contributes a (run-time) computationally effective method for ‘manifold reconstruction’. And our example algorithm using nonlinear optimization illustrates an efficient method for projecting which can preserve clustering separation. So, although the research topics might look like a laundry list, in fact, there is an overall signal processing framework guiding their choice in our research agenda as shown in Table 1. A novel example of how we used this signal processing framework to detect a convergence front between fresh water and sea water at the mouth of the San Francisco Bay is illustrated in Fig. 2 (Tufillaro, 2013).
At each pixel the measurement coordinates are the radiance at each wavelength, and an example of an extended coordinate set could consist of these radiance values and their spectral derivatives (i.e. derivatives with respect to wavelength (Tufillaro 2013)).



= Using embedded nonlinear manifold
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Figure 2. A HICOTM image along the coast of San Francisco (28 September 2011) showing an example of a product map using functions on an embedded nonlinear manifold (for details, see Tufillaro 2013). (a) Atmospherically corrected image and (b) spatial/spectral manifold for transect indicated. (c) Embedding: examples of a ‘derivative embedding’ at two different pixels showing ‘shapes’ possible within the nonlinear manifold which can be used to create specialized products for different types of water masses. (d) Projection: A product constructed from the nonlinear manifold to indicate high chlorophyll patches (red regions) at the convergence zone between fresh bay water and sea water.
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(a) The phase difference function for spectra at the mouth of the San Francisco Bay
showing that the 709 nm HICO channel can be used to indicate chlorophyll rich water.
(b) HICO image of the mouth of San Francisco Bay, 28 September 2011. (c) Indicator

function for high chlorophyll levels which show a high concentration of chlorophyll at

the interface of bay water and sea water apparently in response to large amounts of
nutrients being exported from SFE.
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Presentation Notes
Spectra From starred locations.  Nick Tufillaro and Curt Davis working on a paper on derivative analysis matching pigments and spectral featureas with Joe Ortiz (Kent State) who is doing field work on Lake Erie.  Paper to be submitted this fall.
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Using HICO Data and spectral peak detection to
monitor the Health of Lakes and Reservoirs

Spectrum examples from Dexter
Lake cyanobacteria bloom
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HICO data is being used to track a cyanobacteria
bloom in Dexter Reservoir, July 2013. The bloom is
quantified using the absorption peaks. Phycocyanin
absorption identifies it as a Cyanobacteria bloom.
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Presentation Notes
Spectra From colored dot locations. HICO full spectral data makes it possible to use derivative analysis and spectral matching of pigment absorption and fluorescence features to identify phytoplankton blooms and associated health risks for drinking water and swimming.  Remote sensing reflecftance is converted to absorption and scattering using the QAA algorithm by Lee et al.  Then the absorption peaks are fit with Gaussian curves.  HICO is the only instrument in space with the spatial and spectral resolution to use this quantitative technique to monitor lakes and reservoirs for plankton blooms.  Nick Tufillaro, Theo Dreher and Curt Davis (Oregon State University) are working on a paper on this to be submitted this fall.
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