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HYTES Instrument

Push broom imaging HyTES was developed to support HyspIRI by providing
: 5 higher resolution spatial and spectral science products.

Basic Instrument Parameters

m
& Volume (scan head) 0.6m x 0.4m + peripheral struts
% Number of spatial pixels x track | 512
_E Number of spectral channels 256
‘g ‘ Spectral range 7.5 - 12pum
g Frame Speed 35 or 22 fps
§ § velocity Total field of view 50deg
; E-é — Calibration Full aperture blackbody
E £ Detector temperature 40K
> 3
N Optics temperature 100K
éj‘oj NEAT 200mK
= [FOV 1.7066 mrad
58 Low Altitude pixel size/swath 2m/1Km
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§ S High Altitude pixel size/swath | 20m/10Km
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QWIP Technology

Quantum well infrared photodetector (QWIP)

+  Detector Material - Spatially separated 2-color QWIP

+  Array Size - 1024x1024 pixels

+  Pixel Pitch - 19.5 microns

+  Wavelength - 7.5-12 microns; three spectral bands

*  Input Circuit - Direct Injection

*  Integration Type - Snap Shot mode

* Integration Time - Adjustable integration time > 10 ps

* Integration Modes - Integrate-While-Read & Integrate-Then-Read
+ Well Depth - 8.1x10° electrons

Four-band FPA Four-band FPA in Dewar

2-point corrected image of focal plane
array used in HyTES.
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CBIRD Technology

I O
New potential detector technology for future pushbroom 6000 T T T T—T—T—T—T—
hyperspectral sensors: T=78K

5000 Bias = 128 mV 7
Tint = 0.37 msec

e Antimonide superlattice based long-wavelength infrared
photodetectors using a complementary barrier infrared detector
(CBIRD) design offers the possibility of stabilized, uniform arrays with
low dark current, higher operating temperature than QWIP and higher

QE.

4000+ Mean = 18.6 mK -

Number of Occurance

e Antimonide-based superlattice infrared absorbers can be customized
to have cut-on wavelengths ranging from the short-wave infrared
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(SWIR) to the very long-wave infrared (VLWIR). NEAT (mK)
Format — 320x256
Pixel pitch — 30 um
ROIC —1SC 0903 DI
Pixels — Fully reticulated
Pixel Size — 26X26 um?
Polarity —NonP
Cutoff wave. — 10 um
Oper. temp. — 78 K
QE (8-9.2um) — 54% (without A/R)
NEAT — 18.6 mK with f/2 300K
Substrate — Removed
Temp. Cy — 29
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HYTES Instrument

Cryocoolers \

Cryovacuum
enclosure

Bi-pod
assembly

Spectrometer

Thermal

Shielding

Relay
Assembly

Core HYyTES
spectrometer

Telescope

NADIR
Window

http://airbornescience.jpl.nasa.gov/hytes/

Im

HyTES flew its last campaign
with this cryovac configuration
in January 2016.

It has been transitioned to an
even smaller configuration for
higher altitude deployment.

The new smaller design still
works on the twin otter.
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HYTES Flights

HyTES has flown 6 campaigns since 2012.

All flights have been out of Grand Junction
Colorado on a low altitude Twin Otter aircraft.

HyTES is scheduled to have its first high
altitude flight on NASA's ER-2 in 2016.

A suite of additional instruments are used to
stabilize the system as well as to assist with
pointing knowledge.

HyTES instrument team
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HyTES Imagery from campaign

Death Va|Yv CA Quartz alluvial fan

= = - -

Carbonate

L1A: bands 150 (10.08 pm), 100 (9.17 pm), 58 (8.41 um), displayed at RGB

HyTES

= jtl,y,-perspeciral Thermal

« Data from nearly all previous flights can be
found at the web portal shown to the right.

 There one can browse quick looks and order
higher level products.

Web portal at hytes.jpl.nasa.gov
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Spectral retrievals from calibration sites

HyTES Radiance image over Cuprite, Nevada
with bands 150, 100, 75 displayed as RGB and
retrieved emissivity spectra over areas
consisting of Alunite (A), Quartz (B), and
| Kaolinite (C). TES retrieved spectra for the
HyTES window bands are shown in red, a Principal-

HyTES PC-fit | . .
—ttap || Component (PC) regression fit to the TES data
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Plume retrievals and spectra
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Higher-level plume visualization images showing a color
CMF overlay on grayscale surface temperature image on

Sensor
Radiance

Spectral retrieval L(0) = L 4 [phomepam . pend am o plune
Of Various trace Atmospheric  Plume emission Ground emission
gas Species Emission
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a geospatial map.
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Honor Ranch Leak Discovery
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Aliso Canyon: Porter Ranch
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Multi-species

e e — y A HyTES Multi-species gas detection example
- g AR Lo BT el - showing a Google Earth image (center) of the

bl atural Gas Powerplant

area covered by a HyTES flightline over a
refinery (magenta outline) and a natural gas
powerplant (yellow outline) near El Segundo,
CA. The insets show HyTES imagery of five
detected trace gases (CH4, NO2, NH3, H2S,
and SO2) highlighted in different colors and
overlayed on retrieved surface temperature
data in grayscale. Three examples are
indicated where two different gases were

‘I i Al detected 25 simultaneously within the same
amespom I} ks ;j_‘.,' >z . plume consisting of several contiguous pixels;
ol 1 5 e e AT NH3 and NO2 were detected over the refinery

L e < | * " at the location a.1,/a.2, while at the natural

gas powerplant, NH3 and H2S were detected
at location b.1/b.2, and c.1/c.2 respectively.
Small plumes of SO2 (blue) can also clearly be
seen being emitted from areas of the power
plant (inset photograph).A distinctive CH4
plume was detected in the southeastern
region of the refinery.




HyTES New ER-2 Platform

Twin Otter Mounting

Position (4x) Vacuum valve

FPIE
Large ECS cable

Small ECS cables

Pressure gauge

ER-2 Mounting
Position (2x)

VNIR camera
(Twin Otter Only)

Nearly 50% reduction in
scan head mass. Current

mass = 45kg John Mihaly, JPL

HyTES enclosure size reduction for accommodation
in ER-2 wing pod

ER-2 HYyTES scan he%TQ



New Sensor Enclosure Design

Manufacturing Review: July 22
Submitted to Shop: August 10
Drawings Released:  September 3

ESTO
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New Cryovacuum Enclosure

Thermal Straps (2x) )
Mechanical

Cryocoolers (2x)

Enclosure Base

Floating Shield Base

Stabilizing Bi-pods (3x)

Shield Cryocooler pass-through

Removable Floating Shield Enclosure Taper Cover

HyTES Shell

(contains Spectrometer and Relay)

Telescope

Nadir-pointing window assembly

flight directio% (j
GSTO

p
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Original Enclosure vs. NEW Enclosure

Original
NEW

flight direction

99 |bs

Z
Cmss);ﬁ/ 170 Ibs & 1 less O-ring
Y
nadir

ESTO
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HyTES in Laboratory with calibration target

GSTO
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ER-2 Implementation

Z

flight direct

looking aft

rack obtained New Mounts
procured and delivered

PCM delivery
May 2016

GSTO
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Current System Mass Distribution

Estimated
Total Weight
I d M - Item No. Component (Ibs)
mpro Ve arg’ns 1 HyTES Sensor Head 108.0
2 Focal Plane Electronics Box 9.0
3 Mounting Structure 25.0
Toral Weight Toral Limit Total Margin 4 Cable Margin 11.0
Aft pod 153 300 147 5 Phase Change Material Box 40.0
Mid pod 185 550 365 6 CMIGITS GPS/INS 2.6
Fore pod 141 400 259 7 Lakeshore Temperature Controller 13.3
System Totals 478 650 172 8 Cryocooler Control 23.0
9 Chiller 53.4
10 LanTronix Networking Hub 10.2
11 Focal Plane Panel 4.4
Details 12 Compact Rio 4.8
13 Mounting Structure 220
* Unitsinlb 14 Cable Margin 11.0
15 Data Computer (4U) 440
e Component masses include 10% contingency 16 Power Controller (Eaton) 123
. 17 Power Controller (Middle Atlantic) 10.5
* Phase Change material = 3 gal H,0 18 Power Distribution Box 16.9
—  Provides ~2.5 hours cooling 19 Power Dist Panel 44
20 Power Inverter 19.5
— Includes 10 Ib container 21 Mounting Structure 22.0
22 Cable Margin 11.0

components each assume a 10% contingency

20
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HyTES ER-2 Superpod layout

><Forward-Pod Mid-Pod Aft-Pod |
Z - r - \
flight dlrectw Computer l \ m 0
% i ‘ A Wi\ i ‘ .
" ".‘!."-.I ' " ' I\

ESTO
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Cut-away view of Superpod

Cryocooler Controller

Temp Controller

Focal plane power
KGS Power o Lantronix network hub

C-MIGITS HyTES
Invertor PCM y
- Scanhead
Power .
Chiller
Controller

]

FORWARD EIP / Clear AFT

Data Computer Aperture
Power (n_o
distribution box window)

Auxiliary Panel

GSTO
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HyTES Hardware in Lab

Scan head during Completion of
assembly assembly

GSTO
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Successful
pressure
check the
assembled
system.

Successful FPA
aliveness test
after assembly
and pump

down
verification.

GSTO
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HyTES Calibration results

" T ML EMSSON 7,

Temporal NEAT (C) BIL Image

AZARDOUS

# of pixels per bin
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2-point calibration at
5C and 45C . ;
25C Target - 2 bA 98

NEAT (C)

1.0

' 0:8
HYyTES New ER-2
Configuration at
cold equilibrium.

GSTO
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HyTES Calibration results

HyTES Spatial Edge Response 2016-04-129

M

Relative Radiance

Accurate spatial response Accurate spectral and cross
with input edge stimulus field calibration response with
input methane stimulus
ESTO

p
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Summary

 HYTES has flown successfully numerous times. All of the data from the flight
campaigns is available online for download at http://hytes.|pl.nasa.qov

 HYyTES successfully flew a rapid response campaign to Aliso Canyon in January
to capture the SoCal Gas facility leak. Other leaks were also discovered. The
proper folks were alerted.

 HyTES transition to the ER-2 platform is progressing well technically
 HyTES can still operate on the twin-otter with the new vacuum assembly..

« We’'re currently slated to fly in November 2016, but if the ER-2 becomes available
earlier, we will be ready.

This research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with
the National Aeronautics and Space Administration. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsement by the United
States Government or the Jet Propulsion Laboratory, California Institute of Technology.

ESTO
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