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Electromagnetic Waves:
Wavelength
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OEM Spectral Instruments

High Volume OEM
Manufacturing Business

Single Beam
Multi-Channel
Spectrometers

Dual Beam

Spectral Imaging
Sensors

Hyperspectral
Sensors

Raman Imaging

Spectral Imaging
Instruments

In-Line




Sensor Platforms — Spectral Ranges & FPAs

UV €<—> Vis &VNIR €—> NIR €—> SWIR €«<—> MWIR<—> LWIR

200- 380- 0.9-1.7y  0.9-2.54 3-54 8-121
450nm 1000nm

Optical Fabrication — Diffraction Grating

< Holographic > ‘
’ < Diamond-Turned >
Coated Silicon InGaAs MCT/InSb MCT

Silicon Microbolometer



11.4cm
A HyperspecE + HE@

i COTS Camera/Headwall
developed camera with
COTS focal plane

I x86 Computing Platform

I Commercial components

A Micro-Hy per specE
Compact HDPU

%
I COTS Camera/Headwall
developed camera with 279 cm 17.0 cm
CQOTS focal plane 2 173
i x86 Computing Platform L em ~<m

i Ruggedized components
and IP enclosure

A Nano-Hy per spectE

i Fusion of focal plane and
data system

i Fully customized hardware
and software developed
by Headwall

i Most compact and lightest Standard Compact
pushbroom sensor in its :
wavelength range on the Eystem Weight ( 7.79 3.23 0.77
market today 9)

20.8cm
17.1cm

7.6 cm

17.8 cm
12.2 cm

OWCIM(VEVERATsEN 180W, 85W 70W, 40W 15w, 12W
)



Evolution of Remote Sensing
Capabilities

Satellite Airborne

* Traditional
approaches

* More costly

* Less granular

3

- High quality data

« On-demand data
collection

- Very low cost




Headwall’s Remote
Sensing Instruments

Sensors for LEO Satellites
— Remote sensing

— Disaster response

Sensors for Fixed-wing aircraft
— Environmental monitoring

— Mineral & mining

Sensors for UAV / UAS

— Precision agriculture

— Pipeline monitoring

Ground-based sensors

— Tripod mounted

— Vehicle mounted



Pushbroom Hyperspectral Imaging

Spectrograph

Spectrograh
. input slit

<-Spatial->

Input slit <—Spectral —>
Dispersed spectral
content on

Focal plane array

Hypercube

<-Spatial-Xx >

<— Spectral >



Theory of Operation:
Viewed through Slit
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Theory of Operation:
Slit Imaged & Dispersed

Slit Focal Plane

short <€— Wavelength Dispersion — long



Aberration Correction: Distortions

ANEEENEE 1 | T T————

o —
No Distortion Keystone Distortion Smile Distortion
Diffracted slit Diffracted slit image Diffracted slit image
image is square on is keystone shaped is curved on focal
focal plane array on focal plane array plane array

Keystone & Smile Distortion causes Poor Spectral and Spatial Purity in

collected data

* Headwall concentric spectrograph and aberration corrected gratings
result is practically no keystone or smile distortion
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T 00 Hyperspectal
Sensor ¢ W (Spectral radiometer) ¢ W Sensor

Specification of sensor

Wavelength range 400-1000 nm
Spatial bands 640
Spectral bands 270

Scan mode Push-broom
Lens 17 mm, FOV15.9 A

O itnt it

1A hit
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F,)DB'"'TDO natk \ (_TA’QJ“E

Pixel count
‘E Ot @0 T oaqg,0° dX® Class Training data Reference data
s/ —N K AYHpPp,cp) U=-B@nNn,- Herbal_land 453 1041
' )E J”L Cowy (B e s Y)N 14 Herbal submerged 526 1060
nén & a Herbal_dried 386 1040
| Woody land 311 404
Woody emerged 339 619
Sand_land 398 784
Sand_submerged 575 1040
Gravel 387 600
Tile type 312 467
Plastic type 285 550
Fabric type 382 924
Timber type 280 378
Steel type 335 500
Concrete type 352 759




(OA: 96.19%)

SVM

(OA: 96.10%)

Class Prod. User Prod. User

Acc. Acc. Acc. Acc.

Herbal_land 99.23 96.36 99.33 96.37
Herbal _submerged 98.96 96.42 98.87 93.91
Herbal_dried 99.04 99.42 100.00 99.05
Woody land 98.02 99.50 97.77 98.26
Woody_emerged 97.90 99.02 94.83 100.00
Sand_land 98.09 94.01 99.49 93.86
Sand_submerged 96.25 99.60 95.38 98.80
Gravel 99.83 97.24 98.67 99.50

Tile type 71.73 96.54 64.03 92.86
Plastic type 92.73 79.44 96.36 77.26
Fabric type 100.00 100.00 99.89 100.00
Timber type 89.68 98.26 97.88 96.35
Steel type 97.40 86.65 94.20 98.13
Concrete type 92.36 100.00 93.41 99.44




