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Vocabulary

e Hyperspectral interferometry
— Hyperspectral = involving the electromagnetic spectrum

— Interferometry = technique that uses superimposed waves
(electromagnetic for example) to gain information

e Fabry-Perot etalon model

— Consisting of 2 reflecting mirrors, it measures small differences in
wavelength by the interference produced, including an adjustable
distance between mirrors

e Power spectrum
— Plots a signal’s power (energy over time) within a frequency category
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Vocabulary

 Near infrared (NIR) spectrograph
— Near infrared = 780 — 2500 nm of the electromagnetic spectrum, just
above visible light
— Spectrograph = a tool for photographing/recording spectra with a
camera by separating light
e Fast Fourier Transform (FFT)

— Used to calculate power spectra

— An algorithm that converts a signal from its original form to a
representation in a frequency category
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Introduction

Previous interferometry work used a Fabry-Perot etalon model
to locate and size features on the surface of Hylastes tenuis
(Beach et al. 2015)
— Measured the length of setae from the tip
— Located regions containing spores
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Objective

Determine if hyperspectral interferometry can speciate fungal
spores on the bodies of bark beetles
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Methods — The Microscope
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The Microscope
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i A) Specimen (circle) mounted on a glass slide, Y and X axes illustrated as
scan Y —%}— . .
T [ . — the slide moves on a motorized stage
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B) Microscope components with reflected light illumination: light source
R (LS), liguid light guide (LG), collimator (CO), beam splitter (BS), objective
ik lens (OL), sample (S), motorized X/Y stage (MS
oLTT " (OL) ple (S) /Y stage (MS)
C

C) Inspector prism-grating-prism spectrograph setup; camera mounted
above beam splitter: entrance slit (SL), collimating lens (CL), higher order
blocking band pass filter (BP), aperture stop (A), prism 1 (P1), holographic
P1 7] transmission grating (G), prism 2 (P2), focusing lens (FL), and camera
image sensor (IS)
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Methods

e Specimen is moved incrementally with a motorized stage
— Spectrographic camera takes images with every stop

e Has a visible near-infrared (NIR) spectrograph

e The travel of the stage is guided by a motion algorithm so it is equivalent to the
spacing of the image pixels for correct image geometry

— 696 lines = processed into a final image and data cube

e Program ENVI 4.8 performs spectral analysis while Imagel is

used for spore sizing
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Spectral image from single scan line

e Example:
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Methods - Fungal Spores

e Grosmannia alacris

— Oblong shaped, with truncate bases and rounded apices
— Ranges from (3.3 —7.8) x (1.4 — 2.8) microns

* Pine twig agar (PTA), oatmeal
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Fungal Spores

How can we get
the size of a
spore we see?
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Peaks/valleys occur at 495.11 (n,) and 449.75
(ny) nm

Step 1: 1/ (n, —n,) = 0.02205

Step 2: 0.02205 x n,; x n, = 4909.08

Step 3:4909.08 / (2 x 1.53) = 1583.57 nm

o

And thus ... 1.583 microns
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e Spores are sticky!

e Glass seed beads to reduce glare
— Able to roll on media plates
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Control bead Beads with spores
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Spore size
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e Following the formula, this gives us an average
spore size of 4.16 microns for this coordinate

Bead with spores
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Methods - Beetle Capture

* Hylastes salebrosus

e Two locations:

— Louise Kreher Forest Ecology
Preserve

— Mary Olive Thomas
Demonstration Forest

e Baited with 95% ethanol + 90%
3-carene
— Replenished every 3 days
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e Captured beetles kept in the cooler (4°C) for up to 30 days
e Sterilized in 95% ethanol for 30 seconds prior to prep
 Rolled on plates of sporulating fungal cultures

— Simulate how beetles naturally pick up spores

e Spore loaded beetles taken to CytoViva for imaging

e Resulting images were captured with ENVI and spore maps
obtained with the use of Image)

— Developed program (FFT map) for use in Imagel to pick up objects
(spores) that had wavelengths above certain amplitudes after
observing control images
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Methods

FFT map =2 into Image)

— “Macros” = “Run Macro” - open a captured ENVI image file

¢ FULL SIZE Spore FFT SAVE FIX.tbxt =2 = |

File Edit Font Examples MWacros Debug
/imacro "LineFTTest" .

PwrSpectrum = newArray(512),
Array fil[PwrSpectrum,0);
numSelect = 0; // the number of power spectra selected for plotting

m

I/l Get HSl image

call("ij.gui ImageWindow setNextl ocation",0,0); /iwill open HSI imatge in upper left corner m
'|path = File.openDialog("select a file"); // the full path of the HSlimage file

print(path);

run("Raw...", "open=[path] image=[16-bit Signed] width=696 height=477 offset=0 number=696 gap=0 little-endian "),

1 [run("32-bit"),

run("Subtract Background...", "rolling=5 stack");

|| |setMinAndMaxo, 8000),

HSlimageName=getinfo("window fitle"),

"lprint(HSImageName),

1 |/l Spectral detection parameters
widthParam=0.5,
/widthParam=0.1,
heightParam=40000.0;
minFreg=4,
ImaxFreg=minFreg+15;

/1 Slice selection

firstSlice=1;

setSlice(firstSlice);

lastSlice=696;
numberOfSlices=lastSlice-firstSlice+1;

I/l Spectralrange  length 256  start at 60 which is 441.6 mn
lineTop=60;

lineBottom=315,

lineLength=lineBottom-lineTop;

/' Width selection

llstariLines=1;

stopLines=696,
numberOfLines=stopLines-stariLines+1;

I Initialize
val=newArray(numberOfLines*numberOfSlices+1);
freg=newArray(numberOfLines*numberOfSlices+1);

[|[r—FirctQlicn: 1T inday far clien
]
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Methods

i 4 ht side elytral
[ G9E/B9E; 6amxe 77 pixels, 32-biT, 891N

1.010° T T T

FFT test results

> 5.0-10%
; — Power spectrum
1 1 1 Il .
g 3 m an — |stogra m
b
List Save. More =
.
4 G\6-8-2018\HS_with LP\HS_LP_right side elytral-FFT MAP HISTOGRAM =B % -_— D a ta fl I e
57.71x642862.60 pixels (530x255); B-hif; 132K
T T T T
] — Log box
!
5
- — Map
HPOE0pOROPOPOROPIROROGORDROROpOROR00OF0pEEOR000 Y File Edit Font Results
10 20 30 40 50 FFT Histogram | Fet
Pixel Valug 1 ATE6G6
+ - - — — —
LEHE D Motes s 2 g 1 181HS_with LIVHS,_LP._right side elytrat ~ FULL SIZE FFT MAP. = @] B
3 0 | [ceces I
595 I57T57RA TS TTTATAlZE . -
pass width test val=newArray(numberOfLines*numberOfSlices+1); ol
tests failed freg=newArray(numberOfLines*numberOfSlices+1); 5 g
= ; & 1118
596 695 2577 5704 0 m firstSlice; // index for slice
696 04 ¢ =
T 8 1217
tests failed a 1068
696 696 0 0 G o8
GN6-8-2018\H5_with LFAHS_LP_right side elytral - FULL SIZE FFT MAP it eoe
Ave Power Spettrum 12 509
GB-8-2018\HS_with LPHS_LP_right side elyiral- FFT MAP POWER SPECTRUM 13 509
8750 14 a7t =
‘ fiv Ll »

School of Forestry and Wildlife Sciences, Auburn University




Forest Health Dynamics Laboratory

 What does the power spectrum tell us?

— Gives index of frequencies — a relative measure

 What does the histogram tell us?
— Tells us where most objects rank in the image
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Results

FFT maps

<— Control beetle

Beetle with G. alacris spores

/
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Results

Using maps and data file, go through and locate coordinates of

Interest
4 tmage) (e
File Edit Image Process Analyze Plugins Window Help 306, 501
LCLQIGIGPAI*:I"\IA\QI@IEII BlE ST =
(=306_=0. z=500, w=1, h=477 | 8000
7000
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0
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From the 15t peak to the 2"9, the size is 2.59
microns

From the 2" peak to the 3", the size is
2.805 microns

 The average —and final —is 2.7 microns
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Results

£ MAP GA_HS1_underside3_anteriorlegs1.tif = | = Py
695x693 pixels; 8-bit; 470K

HS1_underside3_anteriorlegs]
B0 preels, 16-00 441WE

fiorlegsLtif
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Results

From two images taken off a Grosmannia alacris spore loaded
beetle, we obtained 5 points of interest

— Each image had an average spore size of 2.485 and 4.052 microns,
respectively

— Overall average was 3.268 microns
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Discussion

e We know G. alacris (GA) spores are irregularly shaped, like
pills/eggs
— Sizes range from (3.3 -7.8) x (1.4 — 2.8) microns

e QOur average spore size for two hyperspectral images on a
beetle was 3.3 microns, and falls in this range

e From an image of the GA spore loaded glass bead, we got an
average size of 4.4 microns

 Next step is to compare with Leptographium procerum on
beetles and compare with G. alacris
— Look at sizes as well as power spectra patterns/curves
— Then can run a statistical analysis with a t test to look for a difference
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