


Presentation Overview
*The Task
*The System
*The Procedures
*The Base Products
*The “Other” Products
*The Hyperspectral Potential

*The Multi-mission Platform
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Most Likely Area of Operations
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Firescan 222

The Platform :

Cessna 441 Conquest

*Turboprop
*Ceiling : 35 kft AMSL

*Cruise Speed : 285 kts
*Operational Endurance : 4 hours with reserves

Destinations
Qld border: 90 mins
Victorian border: 35 mins

Blue Mountains: 20 mins
Narabri: 60 mins
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The Sensor Suite in Firescan 222

FC

FF@& Contour
Products for Firefighting TR

Night

FireTemp/Intensity

Burn Severity

a HyMap ‘
\_  Hyperspectral+Thermal Products for Post Fire (

Core Sensor

Burnt Area

Flood Mapping

Oil Spills, Toxic Algal
Other Products Blooms

EO Sensors&Products Vegetation Mapping
Environmental <
Water Quality
Orthos of Fire Events
{ Digital Cameras )(
' Damage Assessment

Aircrew Situational

/" Forward Looking Thermal Awareness
& Vis Cameras
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Spatial and Spectral Characteristics of Hyperspectral Sensor

1.0

VIS-SWIR (04.5 - 2.5um)

Hyperspectral 128 bands

MWIR (3 -5 um)

Thermal 1 band

LWIR (8 - 12 um)

Thermal 1 band

0.8 —

0.6 —

04

0.2

0.0

I

\\\\\

o e

Wavelength (um)

Spectral Configuration

Module | Spectral range Bandwidth Average spectral
across module sampling interval
VIS 0.45-0.89 um 15-16 nm 15 nm
NIR 0.89—-1.35 um 15-16 nm 15 nm
SWIR1 1.40-1.80 um 15-16 nm 13 nm
SWIR2 1.95-2.48 um 18 -20 nm 17 nm
TIR (1) 3-12 um Effectively 5 um NA
TIR (2) 8-12 um Effectively 4 um NA
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Spatial Configuration

IFOV 2.5 mr
FOV 61 degrees (850 pixels)
Swath 2.3 km at 5m IFOV

4.6 km at 10m IFOV

Visible

Near Infrared (NIR)

Short Wave Infrared (SWIR)

0.6 0.8

Wavelength (um)

HyMap spectral bands on green vegetation reflectance and
arrows indicated bands used in standard image products
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Airborne Work Flow

Image
Acquisition
Start

&

Navigate to
Next Line
(FireAviatrix)

T

Plan or Select
Next Flight Line
(FireAviatrix)

Image

Is flight line L
Acquisition
complete? Stop
Geocorrect
selected bands
(FireGeoGui)
Generate
Standard Image
Products
(IMGViewer)
| |
OPtmnal Transmit Image
Display .
. - Data via
acquired image Satellite
in Global
Comms.
Mapper

|
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Processing
Computer

HyMap Control
Computer

: TFRSAC Fall 2015 Meeting

Work flow to be completed
with minimum aircrew
“interactive decision making.

One pilot & one sensor
operator....they are busy
multitasking.

Reduce opportunity for errors

Minimise time to transmit
images to NSW RFS HQ.

Some deployments from ops
base can last > 6 hours (same
crew)

Last thing we want is
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Tasking Email

From: (IS [GIS. Uniti@rfs.nsw.gov.au]

To: All GIS Firescan; All GIS Firescan Fre Flight

Cc Tom.Denman@environment. nsw.gov.au'

Subject: Pre Mifﬂnn_@mmﬁr}rﬂﬂﬂllﬁziﬁ'ﬂlﬂ TP T 5, 2 e n e e E.h.irﬁ_ﬁug_ra /
= Messagﬂ glncidentPnint5_2ﬂ141116_12351EI.zip 5 KE] EBurntﬁreas_2ﬂ141115_12351ﬂ Zip (47 F:B]

Vector Data

L QR — —— =
_ e o e e e e Ew e o -

Hello CORPORATE AIR / HYVISTA and Duty-Officer Aviation (NSW RFS).
Mote: please repeat # 3. Round Waterhole at aprox. 21:00 hrs over fire ground

Please find attached the following email coordinates for incidents to be flown.
In brief the mcld_eu.ts.mat-MLEIbe.mllected during this mission are highlighted below.

——
- S~

-~
,*’1. Greens Rd, Warrimoo - Blue Mountains Ssq

7 Lat: -33° 42.60" NS

’ Long: 150° 34.95 S

2. Cooraldooral Trl Fire - Nymboida NP - Glen Innes Severn Shire“
Lat: -29° 36.87" 1
Long: 152° 17.94' H

3. Round Waterhole - Guyra ’

N Lat: -30° 07.89" ’

S Long: 152° 10.96" g

/;
l
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Flight Planning & Management : FireAviatrix

o5 Hyvista - Waypoint Editor

Paste from clipboard Import from text file

From: GIS [mailto:GIS . Unit @rfs nsw qov.au]

Sent: Sunday. November 16, 2014 12:40 PM

To: All GIS Firescan; All GIS Firescan Pre Flight

Cc: Tom.Denman@environment .ngw.gov.au’

Subject: Pre Mizsion Summary - 20141116 1235 Blue Mountains, Glen Innes

Hello CORPORATE AIR / HYVISTA and Duty-Officer Aviation (NSW RFS).
Mote: please repeat # 3. Round Waterhole at aprox. 21:00 hre over fire grour

Flease find attached the following email coordinates for incidents to be flown.
In brief the incidents that MUST be collected during this mission are highlighte

1. Greens Rd, Wammoo - Blue Mountains
Lat: -33° 42 60
Long: 150° 34 55°

2. Cooraldooral Td Fire - Mymboida NP - Glen Innes Sevem Shire
Lat: -25° 36.87
Long: 152% 17.54°

3. Round Waterhole - Guyra
Lat: -30° 07.8%
Long: 152° 10.96"

Additional Flight Instructions:
A Linescans to be flown over ALL priority listed areas AS SO0ON AS WEATH
Preference is to obtain any linescan within the next best window of opportu
B. Data to be acquired:
1. Raw 12 Band, and
2. Three Band Ortho (3sec DEM) On-Board Processed Product (B3,G3,R1

Thank you.
< >

Clear
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APPEND
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OVERWRITE

Waypoints (flight plan centres):

1. Greens Rd, Wamimoo - Blue Mountains -33.7100° 150.5825°
2. Cooraldooral Td Fire - Nymbaida MP - Glen Innes Sevemn Shire
3. Round Waterhole - Guyra  -30.1315° 1521827

-29.61¢

Clear Manually add
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Flight Planning & Management : FireAviatrix

AviatrixPRO 21st OCT 2015 Click & drag to move window

Av:atnxPRO 21st OCT 2015 Click & drag to move window

HYVISTA NAV MAP OPTIONS HYVISTA 'NAV. MAP OPTIONS

4

=1

pX=319 pY =308 cpfrX=315 currY = 157 Iat=150.6174 long=-33.6573 zoom = 2118.79

/9999° Speed: 0 ks
S 241418t AGIL. 294k

Y Hy Vista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Flight Planning & Management : FireAviatrix

pX=784 pY =413 currX= 624 currY = 39 |at = 148.9066 long = -34.3064 zoom = 211879

Track: 294° Speed: 225 kts
AMSL: 58961t AGL: 3954ft
Bearing to FP: 281°

Dist to FP; 20km 10.6nm
Time to FP: 2.8 minutes

i -
%
G A, y ’ 5 a
2 ’r)
S
" oo
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Flight Planning & Management : FireAviatrix

AviatrixPRO 215t OCT 2015 Click & drag 130 move window

HYVISTA

Dist. to start: 17663m
Time to start: 2m 34s

Zoom + Zoom - Reset North Up Dir Up

~_HyVista

’/ 75 SORPORATIC

“UPDATE FROM 0Z” :

1) Set output folder

.Mviatrix\2015-10-28 12.17.08

3) Connect trigger box
| Connect ‘

| Disconnect ‘

|

| Test fire trigger ‘ 1

5) Camera feedback
| Connect ‘

Make: Niken Corporation D210

Serial #: 0000000000000000000000000:
28M02015 12:15:48 PM

Storage consumed: OMB

Last image: DSC_0305.JPG

Storage: 98% / Charge: 100%
o

Feedback:

TFRSAC Fall 2015 Meeting

HyperTRAX

AviatrixPRO 21st OCT 2015 Click & drag to move window

HYVISTA NAV MAP

OPTIONS

2) Way points/ flight plan
WP Editor  Import FP
Waypoints: 3

4) Connect NMEA GPS
COM: [COMB1 ~ | BAUD: (9600 |

| Connect |

Disconnect
Lat: -034.8083° Long: 14872827
Height: 648 m Satellites: 12

Heading: 228&° Speed: 16 kis
UTC time: 2015-10-27 05:26:53.000

E) Hyvista settings
Hymap side ovedap: |30 v
Toggle Pilot Display

Height used for planning:
(®) Cumert height

(O Hard-coded height: | 18000 | feet)

[] Automatic flight line activation
Manual flight line activation

DSLR START/ STOP
DSLR forward overdap:
EXIT



Operations Monitoring : HyperTRAX

Toggle Heatmap | Change Gradient | Change Radius JJ Change Opacity Toggle Markers Fit Markers RFS In(
+ ACTIVE W/ | 'OINT: SampsonFlat / 2 minutes f \Pewsey Vale
240
%
- o] 125 :
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#o” CudiéeCleek |
Port Adelaide (113 L5 =
P
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e
Burtong “Gould Clex ;
o \. Ednbuoh = r’ 4 1 §  VH-VEW 2015-01-02 20:38:09 UTC
olvar \ ) @ g LAT. -34.73701 *
”?—-ojs_‘_°~° » - LONG: 138.9893 *
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Automated Image Product Generation : FireScanGeo

EEEE)

E FireScanGeo (FOG) € 2014 HyVista Corporation - 14th JAN 2014

GEOCORRECTION |
Drag & drop log file(s) here Select DEM
E . Mfsreader_dump*] log
DEM file:

[Output folder: ... TA TEST'Test FIRES‘geocomection |

Select band list

1,2,3,4 [ 1.2.34 H 15.9.3 H 1.19.56.93 l

Boresight parameters

() AMutoselectbyzone @ Manual (below)
dHeading  0.24 °
No. log files): 1
dPitch 0.03 o
| | saE |

| SEND ALL TO FOE || CLEAR
[ IMPORT FILE(S) | [ IMPORT FOLDER(S) | dRoll -0.85 °

‘ PROCESS ‘
| |

‘ CANCEL ‘

SETTINGS | . HyVista [IEEIEE

- HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Automated Image Product Generation : IMGviewer

- {IMG view Vista Corp - 19th MAY 2015

Load IMG file Smart Export
View HDR info PNG it to exd FF FF Stretch BITSTRIPS
Change bands JPG B-- TIR TIR Stretch av J| SHAPE

INTERACTIVE | | | CONIGHT®) | | NIGHT S

g
1
1
;l

[P = SWIRL CH30] [G = VISNIR CH32] [B=VISNIR CH17] [1.6,10,24] 3_gecimg 2015-01-0219:08pm E=460102.73 N =582394778 Zcne=>54

Amrre . Wi L seacarr
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Standard Automated Products

Image Type Description
FC (fire Active fire fronts and hot spots
colour) shown in red/yellow and

background terrain in green.
Burned areas show dark brown.

A day time product

FF (fire front)

Enhanced to just show most

red on black active fire areas without any
terrain in image. Used as a basis
to also create active fire
contours. Day or night product

TIR (thermal | TIR. Used either TIR band to

infrared) show fire. Can also show terrain

panchromatic

information. Day or night
product.

NIGHT

Combination of the TIR bands
and a SWIR band to generate an
image where fire grades from red
to orange as intensity increases
and shows terrain (as green)

Fire Front (FF)

True Colour Fire Colour (FC)

Contour

Creates a vector product which is
a shape file that outlines the
most active fire regions.

%
.,;//:’

e

Jle %y

(5T
’,’ rY X
e T T T J

L

~HyVista

CORPORATION

The left panel shows a true colour band combination and the centre panel shows a FC image
product. The panel on the right shows a FF image product (red on black)

“UPDATE FROM 0OZ” : TFRSAC Fall 2015 Meeting 17




Products for Tactical Fire Fighting : Standard Products

Examples of fire front mapping products

Imagery is processed in near real time (including
geo-referencing) and transmitted by satellite link to
incident command centers within minutes of
acquisition.

Color composite image showing terrain, active fire
fronts and burned areas.

Infrared image that isolates active fire fronts and

highlights hotspots and small fires generated by
airborne ash ahead of main fire

HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting



Airborne Imagery on the NSW RFS Common Operating Picture (COP)
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Vector Products : Burning Areas

- HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Vector Products : Burning Areas

A product for
measurement of
fire front speed

(?)

- HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Other Products : Fire Intensity

Example from Sampson Flat Fire, South
Australia, 3" January 2015

The right side image is a screen grab (ENVI) of a
true colour representation from HyMap bands

in the VIS module.
Images derived from the LWIR and MWIR

thermal bands on the following page are of this

darea.

r‘,"
7 CORPORATION
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- | |
@ #3 (Ruwvisnir CH16,Givisnir CH10,B:visnir CH5):strip02.bil = | = X

File Overlay Enhance Tools Window

“UPDATE FROM 0OZ” : TFRSAC Fall 2015 Meeting
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Other Products : Fire Intensity

{3 #1 visnir CHL:strip02.bil

{3 #2 visnir CH2:strip02.bil

¢
| & #1 Horizontal Profile

i:“i Edit Options Plot_Function He

P

-
7
251y r Y
e —7 . s
LAY CORP \T10M
lad oo -

{3 #2 Horizontal Profile
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Hyperspectral remote sensing adds information at all stages of wildfires

Pre-fire
e\egetation species and fire fuel mapping
eBiomass
*Fuel condition (e.g. moisture)
*Risk assessment

eMonitoring effectiveness of prescribed burns

During fire
eFire front and spot fire mapping
eFire intensity and temperature
eSmoke hazard assessment

eFuel condition and moisture in adjacent areas

- HyVista “UPDATE FROM 02” : TFRSAC Fall 2015 Meeting

Z CORPORATION

.
Ve

24



Hyperspectral remote sensing adds information at all stages of wildfires

Post-fire
eBurnt area and burn severity mapping
eAsh distribution
*Soil condition
eRemaining ground cover

eHazard assessment (erosion, water
pollution)

Long Term Monitoring
e Multi-temporal measurements
*Soil erosion

oEffects on ecosystem and bio-diversity

e|nvasive weeds

HyVista “UPDATE FROM 02” : TFRSAC Fall 2015 Meeting
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Hyperspectral Applications : Fire Temperature

20
18 - — AVIRIS
Estimat
- 16 - sh ate
o) — Residual
E 14 1 R . SN
= Simi Valley Fire R
ES 12 - Spectrum AA /
5 /
E 10 A Temperature Estimate=999K /
2 g 7.5% of the Spectrum Sample Area /
: /
=
S 6 :
g / M ,;
(ad 4 1~ R SR S NG AN A/
A |
2 ] 7 g \/
////// Ry
0 e e s UL ‘

400 700 1000 1300 1600 1900
Wavelength (nm)

2200 2500

The red curve in the above figure shows the radiance recorded by NASA’s AVIRIS
hyperspectral sensor in the NIR-SWIR2 region while flying over a wildfire in
southern California.

The signal in the SWIR2 region ( 1900—2500 nm) is saturated by the black body
radiation of the fire. However in the NIR and SWIR1 region (800—1800 nm) the
signal does not saturate.

Since the sensor is radiometrically calibrated, one can fit a blackbody curve (shown
in green) to the radiance data and thus estimate the fire temperature.

The HyMap sensors operated by HyVista Corp have equivalent capabilities to the
NASA AVIRIS sensor and the following pages show examples of smoke penetration
and fire intensity mapping using a HyMap.

Temperatures 800 — 1450K

HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting



Hyperspectral Applications : Fire Temperature

Signal Level Log10

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

WAVELENGTH (um)

Figure above shows results of a computer model of “at sensor” photon flux.
The lack curve is the flux from a sunlit target of 50% albedo with a solar zenith angle of 30 degrees.
The blue curve represents the earth surface at 300 K and the red curve for 800K

7

- HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Hyperspectral Applications : Fire Temperature ?????

4000 { ] A~
3000
3
Q
§ 2000
s
8
S
g J
VIS Module NIR Modu SWIR|(1 SWIR 2
*€--r---- '-*j- ------ - "JM’OHE'IE“"" *~module ~ -~ ¥
1000 /
/JM f/\\\\ Sample DN spectra
] /": j\ )/-N\ J " from Yarrabin Fire
600 800 1000 1200 1400 1600 1800 2000 2200 2400 (Jan 2013)
Wavelength (nm)

Operational Limitations:
*Sensor Saturation
*Radiance contributions from sunlit ground and clouds
*At higher temperatures, need to rely on shorter wavelength (NIR) but they have less smoke

penetration

CORPORATION
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Hyperspectral Applications : Fire Temperature

HyVlsta Hyperspectral View of Wildfire

e, CORPORATION Bear Creek, Idaho
- —

i _.I:n':r”~

True Colour Image SWIR Image Fire Intensity Index
(2228 nm, 1260 nm, 1650 nm)

Hy Vista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Hyperspectral Applications : Creating Shape Files of Burned Area

Alarge fire in a national park in
Central-North NSW (2013) generated a
pyro-cumulus nimbus cloud which
poses some threat to aerial mapping
missions.

The image to the right is a mosaic of
several HyMap image strips and the
large burnt area is readily identifiable
(red-brown) and active fire fronts can
be seen on the NW and SW edges of the
area.
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Hyperspectral Applications : Burn Severity Mapping

Sydney Christmas 2001 Fires--- area of interest near Warragamba Dam

SPOT Imagery 1 Nov 2001, 7 Jan 2002 // HyMap Acquisition 7 March 2002

=

~HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Hyperspectral Applications : Burn Severity Mapping

(LS

s, CORPORATION

-
L
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Analysis by Sydney Catchment
Authority using pre & post SPOT
imagery

Fire Severity Classification

- Extreme
@ Very high

@ High
"f_____t' Moderate

) Low

32



Hyperspectral Applications : Burn Severity Mapping

Sydney Christmas 2001 Fire

Spectrally-driven Classification of HyMap Imagery

B Water
M Soil
M Soil (Moderate)
Soil (Low)
B Green Veg
Green Veg (Moderate
Green Veg (Low)
B DryVeg (High)
.DryVeg Moderate)
DryV LQWZ

High)

High)

Grouping of spectrally identified materials generates a fire
severity map

- Extreme

- Very high
] . ) High
Fire Severity ) Moderate

Classification " Low

The above is equivalent to the BAER maps used in the US

. HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Burn Severity Mapping :Hyperspectral Classification of Surface Materials

Kinglake, Victoria

Ash A: true colour
B Bare ground )
~ Green Vegetation B : LANDSAT 741 equivalent
B Char
Seorched/dry vegetation C: Spectrally classified surface materials

No ground truth !!! Under total cloud cover !!!

,,;;:_,_ Hy Vista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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Multi-Mission Platform

With the sensor suite on board, a multi-mission platform is available
One flight: multiple targets & multiple products
Outside of wild fire applications, the sensor suite is suitable for
*High resolution ortho-photography
*Qil and chemical spills
*Mine site contamination
*Floods
*General environmental applications
*SAR

March 2012 : Floods near Griffith, NSW : HyMap Image as LANDSAT 7-4-1 colour

Hyperspectral classification can easily discriminate between standing water and moist soil

Z
oz 35
Vs
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Digital Cameras for Synoptic View

Samples of Imagery from on-board 40MP Digital Camera

36
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Digital Camera Products for Inmediate Post-fire Damage Assessment
10 cm pixel

—~HyVista “UPDATE FROM 0Z” : TFRSAC Fall 2015 Meeting
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~ Marcel Proust (1871-1922)
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~  Front & back images from ABC
Sampson Flat Fire, South Australia, 3™ January 2015



Hopefully all fire aerialist efforts will help us see less of this
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