I

AIRBORNE HYPERSPECTRAL IMAGING
" DO’S and DON'TS

Herbert Ripley, FRSPSoc
Hyperspectral Imaging Limited
70 Park Road, Unit D
Elmsdale, Nova Scotia
Canada, B2S 2L2

herb@hyperspectralimage.com




'.—':° ERSPECTRAL IMAGING LIMITED CONDUCTS
CONTRACT AERIAL HYPERSPECTRAL SURVEYS
PAROUND THE WORLD. OUR SERVICES INCLUDE
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== ' DATA COLLECTION, DATA ANALYSIS AND DATA

MAPPING. COMPANY PRINCIPALS HAVE

COMPANY FOCUS IS IN THE COASTAL MARINE
SECTOR.
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technology

_ '-“- énning an airborne survey (design and layout of flight
= lines, things to avoid)

#===_ execution of the survey (type of aircraft to use, when to fly)

— '-

—

- ——
o —

- data pre-processing (geocorrection, atmospheric correction)

- brief overview of data analysis
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THE BASIC TECHNOLOGY
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THE SPECTRUM
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“ENERGY INTERACTION - EARTH

“Energy incident on a surface will be:

= Reflected, transmitted, absorbed

E;(X) = Incident energy

Eif{\) = Eg(M) + Eq (N} + Ep())

Eg (\) = Reflected energy

Y,
B i i i

e

E 4 (A) = Absorbed energy Ep(M) = Transmitted energy
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IGITAL IMAGES
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A colour image is formed by the display of images through colour filters

A digital image is a two dimensional array of
elements where each element represents some
measure or characteristic of the feature of

interest

Elements are assigned a digital number which
is converted to a grey shade for visual
representation

herb@hyperspectralimage.com



Airborne Imaging Spectroscopy Workshop

. SPECTRAL REFLECTANCES

Retlectance

Vegetation

Sal

e e o o —

Wave-
Landsat-4,5 length

— Thematic mapper) 1 (microns)
- -
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REmpte Sensing — need to, think of resolution in 3
Wea

I) J jial Resolution - ability to detect ground
atures (size)

==Spectral Resolution - ability to subdivide EM
~spectrum

Radiometric Resolution - sensitivity of
measurement

herb@hyperspectralimage.com
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ectral resolution describes the ability:of'aisensor to
efine wavelength intervals

e spectral resolution;,.the narrower the
velength range for a particular channel or band
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Radiometric resolution describes ability; ‘tordiscriminate
yeryslight differences in'energy

F]JJaf 't'f e radiometric resolution; the more sensitive to

etecting small differences in energy

= -2
et

Ditsitomrecord the data , AW daget” : ) P 8 bits to record the data
; 1&d|g|tal values R TR N [t BN 28 = 256 digital values

casib50 is now a 14 bit sensor!
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DATA CONCEPT

—

C stually, hyp al or multispectral images
comprise “layers” or bands of 2 dimensional arrays

- Bands represent discrete wavelength intervals

jor difference is the number of bands
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Ispectral versus Hyperspectral

=&
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= = _ so what really is the difference?
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It spectral range do hyberspectral
SOrs cover?

B 1s it 400 — 1000 nm

.

e~
e e
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or
.. 1S 11400 — 2500 nm
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Solarirradiation curve outside atmosphere
Solar irradiation curve at sea level

u— Curve for blackbody at 5900 °K

0 020406031012141618202224 26 28 3.0 30

Wavelength (pm)

herb@hyperspectralimage.com



I

‘does this tell us??

sensors have to deal with the same issues

gnal to noise is a critical issue, especially as you

= 'get further out in the spectrum

-

--significant issues caused by atmosphere must be
dealt with

herb@hyperspectralimage.com




- cas/ (casi,casi2,casi550..,SASI)

- AVIRIS

= AISA (plus, Eagle, Birdie)

- PROBE1
- HYMAP

- MASTER

herb@hyperspectralimage.com




- HYPERION
- MERIS

- MODIS
- CMODIS
- ASTER

- GLI
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PLANNING

Or perhaps better stated

" PAY ME NOW OR PAY ME
LATER
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NY FACTORS HAVE TO BE CONSIDERED

e —

'WHEN TO FLY
"WHAT BANDSET

= - WHAT RESOLUTION

—
—-"_d-

5 - - SIZE OF AREA
- SPATIAL ACCURACY
- GROUND DATA COLLECTION
- HOW TO FLY (direction, flight line order)
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JOSSIBLE CHOICES

- Time of day
- High tide — low tide

- Time of year
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'CATS — Camera Target'Sensor
' Geometn

SQ lar elevation differences have significant effect

=
—

'At 40 degree latitude, given an identical imaging
rightness values can change by a factor of 40%
2en summer and fall
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- How many bands

- what spectral resolution

- what specific wavelengths

herb@hyperspectralimage.com




~ = low res means fewer flight lines

= higher res means more lines, more detail

- pixel size is influenced by aircraft speed

herb@hyperspectralimage.com
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= relative to pixel resolution

= : -_relative to constraints (low or high tide)

- time of year

- ground data collection

herb@hyperspectralimage.com
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- what is the intended use of the data
= |S very accurate x,y important

- what are technical implications

- what are cost implications

herb@hyperspectralimage.com
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MENT UNITS

= bring high accuracy
= have implications on data collection
- more time needed to data process

- generally mean higher costs

herb@hyperspectralimage.com




Airborne Imaging Spectroscopy Workshop

i —

- Increased sidelap

- Flown over area with
prominent features

- Must be flown with same
configuration

herb@hyperspectralimage.com
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- will the ground team have spectral
targets that need to be flown

- time implication, cost implication

herb@hyperspectralimage.com
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- what orientation?
- east/west

- other

- overlap

- effect on flying

herb@hyperspectralimage.com
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P TECHNICAL ISSUES

&= (Things that jump up and bite you if you are not careful)

-
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Uneven illumination across an image caused by a
number of factors
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Drizontal Banding

- Noise dominates — low S/N level

- correction difficult — sufficient redundancy in
other bands of hyperspectral set
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al Striping.

al image

Corrected image
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tline Radiance Variations

U A 1a lc

Visible change - minutes
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i

nospheric Interaction

SN HENMEXLStepatmosphErSh

cattering at abmos

farther scattering
and attern abion

at abrosphers
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CAN BE GOOD!!
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Unclassified
HBsand

Deep Water

Nukaha island
B Waves
B Coral group 1
B Coral group 2

Coral group 3

Coral group 4
B Coral group 5
B Coral group 6
B Coral group 7
B Coral group 8

Coral group 9
B Coral group 1
M Coral group 1
B Algae group 1
B Algae group 2
B Algae group 3

X

0
1

B Eeef crest
B Bottom type
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ETS LOOK AT SOME ACTUAL PROJECTS

.i_

_- D DISCUSS SOME SPECIFIC USE OF

o "WHAT WE HAVE BEEN TALKING ABOUT
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ROJECT STATS:
S TWO WEEK DATA COLLECTION PERIOD
= 250+ FLIGHT LINES FLOWN

———

i

= 14 SPECIFIC AREAS COVERED
~ - 150 GIGABYTES OF RAW DATA COLLECTED
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Unclassified
HBsand

Deep Water

Nukaha island
B Waves
B Coral group 1
B Coral group 2

Coral group 3

Coral group 4
B Coral group 5
B Coral group 6
B Coral group 7
B Coral group 8

Coral group 9
B Coral group 1
M Coral group 1
B Algae group 1
B Algae group 2
B Algae group 3

X

0
1

B Eeef crest
B Bottom type
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GOLDEN ODESSEY

GOLDEN SHADOW
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SHADOW -
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MOVING AIRCRAFT ON DECK
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CESSNA 206 BEING LOWERED INTO WATER
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B Summary of CASI Dataset
B ¢ Amount of CASI data collected

TS EANDIS R EANNER/EEOWY) 15

AEA P EANNED SS0FSQIKIMS

AREA FLOWN 815150 KIS (96%)

FEICGERT EINESHYEANN ED) ISOHEINES

FEICERF EINESIEECIY ISSEIINESN©66)

DATIA VOLUME (RAVI) 651Gbytes

DATIAVOLUME PROCESSED (Est)l | 1501="175 abytes
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CESSNA 210 — TYPICAL AIRCRAFT USED TO FLY cas
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cas SENSOR AS INSTALLED
IN AIRCRAFT

(note presenters foot in lower
right corner)
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