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The Electromagnetic Spectrum
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Ripe avocado
Ripening spot
Lessripe avocado 1
Spot on ripe avocado
Less ripe avocado 2
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- Background information suppressed

- Spectral anomaly isolated and amplified

- Camouflage target isolated from background
- Positive target ID
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Snapshot mosaic Snapscan
16/ 25 bands 150 bands

Snapshot 4 bands

400nm 1000nm
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Sanpshot Hyperspectral Camera SNAPSCAN Hyperspectral Camera
VIS /NIR VNIR
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Matrix detector
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Objective lens Entrance slit
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A Aad&" (Pushtbroom) HAq T T’ s 0 40

256 pixels, z

640 pixels, x
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A Aad&" (Pushtbroom) HAq T T’ s 0 40

256 pixels, z

640 pixels, x
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Visualization in 1290 nm
640 pixels, x
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Imaging Spectrograph (Standard Type) Imaging Spectrograph (Enhanced Type)
VIS / VNIR VNIR / NIR
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Linescan Hyperspectral Camera Linescan Hyperspectral Camera
FX series VNIR/ NIR / MWIR SWIR
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Push-broom Scanner Push-broom Scanner
Desktop Customized
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Snapshot Spectral Camera
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Snapshot VIS /NIR

Snapshot VIS Snapshot NIR

2048 x 1088 1| (after reconstruction)
16 Hii 25 H it
460 ~ 600nm 665 ~ 960nm
< 15nm collimated < 15nm collimated
JM b 120 hyperspectral cubes/sec
10 bit
16 /25/35/50mm, F2.0,C X =
Software corrected
USB3.0 + GPIO
31(L) x 26(W) x 26(H) 31(L) x 26(W) x 26(H)

32g(31 £ QA) 32g(31 £ QA)
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Snapshot HSI Mosaic software
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Single band images SAM classification




Snapscan Hyperspectral Camera
A enVv ™~ sL L fiter patterned on chip
A92S G Vs HA

A~ Ugq full spectrum £ C R
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embracing a better life -3




Snapscan Hyperspectral Camera

Both the object
and the camera
remain stationary.
The sensor inside
the camera moves

to acquire the

complete > . .A'ssembly of data from
Frame acquisition individual frames to construct

hyperspectral the hyperspectral data cube
data.

Scanning direction

a




Snapscan VNIR

L

ipecirorcopy tovorot

SNAPSCAN VNIR
J b 3600x2048 0§
150 H i
470 ~ 900nm
<10 ~ 15nm
2s ~ 20s (depends on acquisition parameters)
O »  piezo scanning platform
10 bit
20/24/ 35/50mm, F2.0, &X =
fan based + TE cooling electronics
ce s ) wal —
>100~ 200
USB3.0 + GPIO
100(L) X 70(W) x 70(H)

6459 (31 £ QA)
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Snapscan HSI Snapscan software

Live view display for acquisition mode Image analysis and classification in cube display mode




Linescan Hyperspectral Camera
A T

Aadka” vs HA

A~ Ugq full spectrum £ C R

Matrix detector

Imspector optics -
P P — Spatial axis

O¥

Spectral axis

Objective lens Entrance slit




Linescan Hyperspectral Camera

1760 nm

256 pixels, z

Visualization in 1290 nm

320 pixels, x




Linescan Hyperspectral Camera




Linescan FX10

Spectral Range 400-1000 / 400-770 (c-version)

Spectral resolution (FWHM) 5.5 nm (mean)

Spectral sampling/pixel 2.7 nm

Spectral bands 224 / 140 (c-version)

Numerical aperture 1.7

Optics magnification 0.80

Effective pixel size 19.9x9.97 um

Effective slit width 42 um

Effective slit length 10.2 mm

SNR @ max. signal 420:1

Spatial samples 1024

Bit depth 12

Maximum frame rate 327 FPS full range / 514 FPS full range (c-version)

Dimensions (L x W x H) 150x 85x 71 mm

Weight 1.3 kg

Storage temperature -20 ... 450°C (non-condensing)




Linescan FX17

Spectral Range

900-1700 nm

Spectral resolution (FWHM)

8 nm (mean)

Spectral sampling/pixel

3.5nm

Spectral bands

224

Numerical aperture

1.7

Optics magnification

0.80

Effective pixel size

18.7 um

Effective slit width

Physical width 42um.

Projection on sensor 32 um (M=1.3)

Effective slit length

12.0 mm

SNR @ max. signal

1000:1

Bit depth

12

Maximum frame rate

670 (FX17)
527 (FX17e) FPS full range

Dimensions (L x W x H)

150 x 75 x 85 mm

Weight

1.56 kg

Storage temperature

-20 ... +50 °C (non-condensing)




Linescan P>

Spectral Range 2.7-53um

Spectral resolution (FWHM) 35 nm

Spectral sampling/pixel 8.44 nm

Spectral bands 154

Numerical aperture 2.0

Optics magnification 0.5

Effective pixel size 30 um

Effective slit width 104 pm

Effective slit length 19.2 mm

Dynamic Range 2000:1 (1.5ms); 5000:1 (0.2ms)

Max SNR 1300:1 (1.5ms); 1800:1 (0.2ms)

Spatial samples 640

Bit depth 16

Maximum frame rate 377 fps

Dimensions (L X W x H) 280x 202 x 161 mm

Weight 7.0kg




Linescan FX120

Spectral Range

Spectral resolution (FWHM)

Spectral sampling/pixel

Spectral bands

Numerical aperture

2.0

Optics magnification

0.5

Effective pixel size

30 pm

Effective slit width

104 um

Effective slit length

18.5 mm

Dynamic Range - Reflectance measurement

4000:1 (1.5ms); 6000:1 (0.2ms)

Max SNR - Reflectance measurement

2500:1 (1.5ms) ; 3000:1 (0.2ms)

Max SNR - Emission measurement

500

Spatial pixels

616

Bit depth

16

Maximum frame rate

240 FPS

Dimensions (L x W x H)

250 mm x 300 mm x 220 mm

Weight

15 kg




Linescan SWIR

KiSlab
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OPTICAL CHARACTERISTICS

Spectral range

1000 - 2500 nm

Spectral resolution (FWHM)

12 nm (30 pm slit)

Spectral sampling / pixel

5.6 nm

Fl

F/2.0

Slit width

30 ym (50 or 80 um optional)

Effective it length
ELECTRICAL CHARACTERISTICS

Sensor

9.2mm

Cryogenically cooled MCT detector

Spatial pixels

384

Spectral bands

288

Pixel size

24% 24 pum

Detector cooling

stirling, 25000 h MTTF

Signal-to-noise ratio

1050:1 (at max. signal level)

Camera output
MECHANICAL CHARACTERISTICS

Size (Lx W x H]

16 bit CameraLink

Sensor 545 x 176 x 178 mm,
PSU & control unit 300 x 190 x 130 mm

Weight

14 kg & approx. 5 kg

Body

Anodized aluminium with mounting screwholes

Lens mount

Standard C-mount

Shutter

Electro-mechanical




Linescan LUMO data acquisition software

Recorder 1.4

¥ Spectral Camera sCMOS

Shutter

Frame rate (Hz)
Exposure time (ms)
Spectral binning
Spatial binning

Trigger mode

KiSlab

[ e———

Spectral Camera sCMOS
Opened

2000

4949

2

2

Internal

Apply

Adjust

Image correction ¥
Watertal

Enabled I False
Dark subtraction Shutter

Run dark
White reference Manual

Run white

Focusing ¥

QA/QC ¥

Disabled




Mobile Hyperspectral Camera
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Mobile Hyperspectral Camera

Value

VNIR 400~1000 nm (CMOS)
Viewfinder camera 5 Mpix
User interface SW By Specim
Storags SD card max 32 GB
Data Format Specim Datasst with ENVI compatible data files
Battery 5200 mAh Li-lon (Type 26650)
Operational time Appx. 100 measurements with one SD card and battery
Display & keyboard 4.3 " touch screen + 13 physical buttons
Camera interface USB Type-C

207 x 91 x 74 mm (depth with lens 1255 mm)

3 kg

1.7
Wavelength band 400~1000 nm
Spectral resolution FWHM 7 nm
Spatial Sampling 512 pix

Spectral bands 204




Drone Hyperspectral Camera Linescan

A Push-broom H A
A GPS/IMU
A o,

Push-broom Line

Sensor Type Imaging Spectrometer

Detector Type CCD/CMOS hybrid 1408
spatial pixels

Focal Length / FOV 16mm / 29.5degrees
Spectral Range 400 ~ 1,000nm

Spectral Bands 155 bands (2bin)

Spatial Pixels 704 pixels (2bin)

INS GPS + Mems IMU

Size / Weight 13.7 x 8.8 x 7.1cm / 680g
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il Farm Mapping

Figure 1. Unsupervised classification Figure 3. Relative biomass
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Leaf Chlorophyll Content

Airborne “AISA” i Field : Bodegas El Soto

Area:0.00ha

(1-5m hyperspectral V/NIR) ; . - . Varity : INGONNU

1

Drilling date :

w07 72057 W/52° 552.0" N
Leaf Area Index

Variable Scale | D

ISOCROP Max: 68.0

Field: 46 ACRE (P1) —
Area: 18.06ha Diilling date: 13 ]
Variaty CONSORT Niilling density: 160 5.0
00
- o 0.0
Lodging Risk 00
00
0.0
0.0

G830/Gs32

Field: Dale

Area: 12.5ha Drilling date: 25/09/2003
Variety: Clare Drilling density: 225

Lodging risk map
Interpretation date: 04/05/2004

sk Tevel T Area Area [ha]
Low 434 54 ]

] Nedium 7.0 21
] High 9.7 5.0

1. Low risk - Early season growth regulator applications should provide sufficient loaging
control

2. Medium risk - Early season growth regulator applications should provide sufficient
lodging control unless specific fiekd conditions (eg field aspect and exposure) raise the risk
level - discuss with agronomist.

3. High risk - A further growth regulator appiication is - consult

‘@ Next stage: Flag leaf just visibie by the 12/05/2004

Brajaction . Oranance sunvey of Grest Ban

Code : ITU0101B01
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ENDMEMBER COLLECTION SPETRA
Post-Atmospheric Correction

SWIR

Pre-Atmospheric Correction

REFLECTANCE
[}
1

>

854.1800 J
925.4100
1033.4900 J
1104.1899
1174.7700

= 1245.3600

2
S

1316.0500
1537.9200
1749.7900
2002.0601
2072.6499
2143.3401
2213.9299

2355.2100

2284.5200

z
-
2

Legend

HABITATION
POND
VEG 1
VEG 2
OPEN FIELD

BARONLAND [

SAM(Spectral Angle Mapper) T = £+ C R
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Figure 3. Aircraft used for citrus canker project.
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‘ Figur.e 4. Aerial photo of Figure 5. Hyperspectral image processed to highlight Figure 6. Sample cube.
citrus grove from 3,000 canker infestations in red.
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Normalized Difference Vegetation Index (NDVI)

NDVI = a0 = Puzo
Paco + Pazo

Red Green Ratio Index (RGRI)

Enhanced Vegetation Index (EVI)

NIR- R
EVI=25 { ]

Cellulose Absorption Index (CAl)

CAl = 0.5(p3o0m + P:

Leaf Area Index (LAJ)

LAl = (3.618 « EVI - 0.118)

Lignin Cellulose Absorption Index (LCAI)

LCAI = 100+ [(Prses o

Atmospherically Resistant Vegetation Index (ARVI)

Paoo ~ Peso = ¥{Puso ~ Peso)]
ARVI =
Paco + [Peso = ¥(Paso = Peso)]

Normalized Difference Lignin Index (NDLI)

Modified Chlorophyll Absorption Ratio Index (MCARI)

MCARI = ((Pro0= Par0) = 0-2(Pr00 = Pss0)) * (Proa/Puzo)

Plant Senescence Reflectance Index (PSRI)

pSRp - D0 Pioe
Prsa

Modified Chlorophyll Absorption Ratio Index Improved (MCARI2)

1.5[2.5(P00 = Pazo) = 1:3(Aso0 = Psso)]

Anthocyanin Reflectance Index 1 (ARIT)

1
ARIL =
Prso Preo

Index 2 (ARI2)

Modified Red Edge ized Difference

Prso= br

MRENDVI = ~ L
Prsat Pros= 2°Puas

s | |
Pusa P

Modified Red Edge Simple Ratio (MRESR)

MRESR = 2152~ Puss
Pros— Puss

Carotenoid Reflectance Index 1 (CRI1)

Modified Triangular Vegetation index (MTVI)

MTVI = 1.2(12(py00 = Psso) = 250430 = Pso)]

Carotenoid Reflectance Index 2 (CRI2)

Modified Triangular Vegetation Index - Improved (MTVI2)

25000~ Psso)l
= (6+p10s =5+ puro)- 05

Moisture Stress Index (MS)

st Pim
P

Normalized Difference Infrared Index (NDII)

Red Edge Normalized Difference Vegetation Index (RENDVI)

RENDVI = 2220~ Pros
Prsot Pros

Normalized Difference Water Index (NDWI)

Index (TCARI)

rc.m-s[(p\v.. Per0) = 02(Proo o»:»(:::j]

Normalized Multi-band Drought Index (NMDI)

[

)

Ptse)

Triangular Vegetation Index (TVI)

hse 2000940 = Paso)
1 2 1200 200(430 ~ P

Water Band Index (WBI)

Vogelmann Red Edge Index 1 (VREI1)

Vogelmann Red Edge Index 2 (VREI2)

Normalized Difference Nitrogen Index (NDNI)

Photochemical Reflectance Index (PRI)

Structure Insensitive Pigment Index (SIPI)

1Py = Po00 = Puss
oo~ Pes

1
wfo
:sg‘

Dead Leaf Stressed Leaf Healthy Leaf

KiSlab
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trel Profile:cherry tomato & #1 (R:640.269nm,G:550.805nm B:470nm):cherry tomato O... tral Profileccherry tomato ..
File Edit Plot_Function Help

- [m]

File Edit Op lot_Function  Help File Overlay Enhance Tools Window
Spectral Profile
. .

e e
W = I om
S i

o
R

NNH

=

f=4 PP I A I I B S B

o

0 700 &0 700 B0
Wavelength Waovelength

Spectral Profile | Spectral Profile

2D
e = In

o
P

TR R R RARE RN R
tn
I=1s
[

0 700 500 00 =00 500
Wavelength | | Waovelength

[ I AN EFAPI IPRPITIN PRI N

w
[

&0

i




Kistab

ipecisarcopy loboreiory

True color image Red Edge NDVI

| & #1 (R:640.269nm,G:550.805nm,B:470nm):cherry tomato O... & #2 Red Edge Normalized Difference Vegetation Index[Mem... —

File Overlay Enhance Tools Window File Overlay Enhance Tools Window
|
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AT ‘'YS 2 p Y (WBI)
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AT Ay p Y:A* b p Y(PSRI)

Psao — Psoo

P7so0
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(NIR— Red)
(NIR+ 6+ Red — 7.5+ Blue + 1)

EVI =25«
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Ay { Carotenoid ¢ Chlorophyll{ W> I g1py = Peoo ~ Pass
b Eq £t Ay pY Pzoo ~ Peso
g 3 2 .. - |
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SAM Classification

1 151 Snaosca 1 1651 Sna
UMEC Acquisition LMEC Acquisition

~ Cube slection ¥ e ~ Spectrogaph

Cube © lncerval 3 © lncerval

v Procewing
Fxport cube
[r— 4489 o
™ ' 5508 0m
© Rendering
73

Gam3 8

—

=]

Selecaon
Selecion |

~ Clsteation Chusfasion
imec SAM davifer imec SAM dasifer

Max ange (degrees Max angie (degress
b

Selection 0
Selecton |
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