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Passive optical Remote Sensing of the Atmosphere and Cloud

Lidar Remote Sensing for Industry and Environmental Monitoring
Multispectral and Hyperspectral Remote Sensing Instruments and
Applications

Image Processing and Pattern Recognition in Remote Sensing
Application with Weather Satellites

Enabling Sensor and Platform Technologies for Spaceborne Remote
Sensing

Instruments, Science, and Methods for Geospace and Planetary Remote
Sensing

Remote Sensing Applications of the Global Positioning System
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3.1 SPIE 2004
SPIE 2004 (SPIE Fourth

International ~ Asia-Pacific =~ Environmental Remote  Sensing
Symposium)

(1) Passive Optical Remote Sensing of the Atmosphere and Cloud
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(2) Lidar Remote Sensing

(3) Microwave Remote Sensing

(4) Multispectral and Hyperspectral Instruments and Applications

(5) Image Processing and Pattern Recognition

(6) Weather Satellites

(7) Sensor and Platform Technologies for Spaceborne Remote Sensing

(8) Applications of the Global Positioning System

(9) Instruments, Sciences, and methods for Geospace and Planetary Remote

Sensing

(10) Active and Passive Remote Sensing of the Oceans
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(1) earth science

a. Greenland ice to climate

b. Earth’s radiation

c. Hurricane infrastructure
d. Gravity

e. Acrosol effect to climate
f.

(2) sun-earth connection
a. weather: earth surface and interior climate variability
b. carbon cycle atmospheric composition (water and energy
cycle)
(3) modeling ocean circulation
modeling the earth’s surface and interior (to mm level)
volcano or earthquake
understand earth’s biosphere

modeling climate

I

modeling hurricane landfall
NASA

NASA

NASA
1. optical communication
i1.  on board reprogrammable processor
i11.  antonomous network control
iv.  data compression
v. laser, lidar to enable earth measurement

V1.



NASA suborbital 1n-situ

component
(NOAA)
NPOESS John Cunningham
(integrated observation system ')

1. comprehensive
2. substantial
3. integrated
4. global

NPOESS

(DMSP) NOAA POES
VIIRS CMIS( ) CrIS( )
OMPS( ) GPSOS(GPS ) SESS( ) 2011
NPP

3.1.2 Passive Optical Remote Sensing of the Atmosphere
and Cloud

3.1.3 Lidar Remote Sensing for Industry and Environmantal
Monitoring
fringe imaging and edge
(backscattering) fringe imaging
Febry-Parrot interferometer (FPI)

multi-beam Fizeau interferometer (MFI)

! http://iwgeo.ssc.nasa.qov/




Beam expander

N laser
filter MFI filter
spin off Lidartech
> 1999 3 lidar
MPL( ) DIAL( )

Transmitter Part

Receiver Part

Management
System
MPL
2 http://www.lidartech.com/ehome/index.html Dr. Sungjoo Cho, sjcho@lidartech.com




L3 353 nm _308 nm

— g
e L2 E i
| Computer ; %
L: Lense =3 .
M: Mirror
IP: Interterenes river R o0
i Interfermee H DIAL
MPL 1~3.5 kHz
50 w APD 0.5~50 DIAL
(308  353)
100 Hz 300 mJ
70 cm 10~40
Coherent Doppler Lidar (CDL)
2 m/s
Tm,Ho:YLF 2]
10 pps 40 cm

TODWL (twin otter Doppler wind

N
-~
N I

. O

lidar) sensor

2 um 4~6 mJ repetition rate 80
Hz 10 cm

QuickSat WindSat
GPS sounding  microwave sounding
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Lidar eye-safe ( 1.9~20
um) Raythoen OPO 337 mJ] @ 20 Hz

3.1.4 Multispectral and Hyperspectral Instruments and
Applications

1980 NASA hyperspectral sounding
2020
1’ 1km
( PDA)

(weighting function)

1980 hyperspectral sounding HIS
(high spectral resolution interferometer sounder) ADEOS/IMG
Aqua/AIRS  GOES/VAS HIRS Metop/IASI  NPP

NPOESS/CrIS  GOES-R/HES3 WISH
Fourier Transform  grating

microwave
sounding GPS occultation Twin Otter
Doppler LIDAR

HES(hyperspectral environmental suite)



GOES-R 2012

2004 6 filter wheel BAE
systems  BALL aerospace ITT HES hyperspectral
sounding (
Jacobian) 1 km 1 K
10 %
GIFTS(Geosychronous Imaging Fourier Transform Spectrometer)
NASA ( )
on board
1 K (30) 290K 255K

AERI (UW Atmospheric Emitted Radiance Interferometer)

emissivity ~ Monte Carlo

0.998 0.07 K
NIST
Chemglaze 2306 0.003”
1 anert \ Al Ag (with coating)
aperture
| 3/
thermister

Cavity thermal /
gradient < 2K

Thermo foil heater

Modtran Modtran5
OH HF HCI HBr H202 C2H2

C,Hg multiple scattering

10



VNIR
AIRS
2378 CrIS 1305 NASTI 8632 IASI 8461
channel based  radiance transfer model

principal component analysis

uv 280~370
nm 0.34 nm/step AirOPUS trace

/

ozone

W SO, laver
Vv

gas SO, NO, FOV 15 3 6 km

5 m retrieval

3.1.5Active and Passive Remote Sensing of the Oceans

GLI (Global Imager) ADEOS-II
36 10 nm 2002
12 2003 9
session GLI
GLI

SeaWiFS

11



780 nm 1

mW/cm?/str/um

(aerosol optical thickness)
sun photometer
GPS ’

V(A) :Vo(/l)(%j g™ 4

' (A=t (A + X (A)+1%(A)
\Y Vo ' total optical
depth 7% aerosol optical depth 7' Rayleigh scattering optical
depth 7% gaseous absorption optical depth

sun glint

3 http://seawifs.gsfc.nasa.gov/Sunphotometers/instdesc.html
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(D)
back-scattering (2) (3) /
(4) sun glint ( ) (5)aerosol (6)in
water model (7)on board calibration  (8)
GLI MERIS MODIS MOS
OCI OCM OCTS OSMI POLDER  SeaWiFS *

3.1.6 Image Processing and Pattern Recognition in Remote

Sensing
(post process)

(1) 2)

(fusion) (3) (classification) (4)
( : ASTER LANDSAT IKONOS
)
Los Alamos (Genetic
Algorithm) GENIE
(feature

extraction)

Linux/Solaris GENIE

* http://simbios.gsfc.nasa.gov/oceancolor.html
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[T @i Www Tasls Tisiview Vinin

(Maximum
Likehood Method, MLH) MLH
(Digital Number, DN)
:LANDSAT Gakugei
Markov Random Field(MRF) LANDSAT
MRF DN DN
LANDSAT
NASA EOI 2004 11 Onboard
process Onboard process
( : ) EOIl
Onboard process
EOI1
LANDSAT7  AVIRIS ;
gy L O-1 and Landsag

| Coverags
31250m)

1§ Unciart T
[THmAm0 ] .
i T

o !T}Fﬁwm!:aﬂl
S
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IKONOS

Balloon model

AMAP
( )
3.1.7 Applications with Weather Satellites
NPOESS NPP
VIIRS(Visible Infrared Imager/Radiometer Suite) VIIRS
22 300 AVHRR
OLS
VIIRS MODIS
NextSat >
GOES VIIRS ABI
(Advanced Baseline Imager) 6 470~2260
nm on-board diffuser
VIIRS
NOWCATING
NASA LIS
(Lightning imaging sensor) 10.7 pum 3

3.1.8 Enabling Sensor and Platform Technologies for
Spaceborne Remote Sensing

> www.nirmry.navy.mil/nextsat-pages
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JAXA
(Japan Aerospace Exploration Agency) ALOS NASDA
25 m
3x10”"  (onboard) 1.4x10" (ground based)
3.9x10™ /5 sec 1 m (ground based)

GPS star tracker jitter
sensor GPS sub-meter star tracker
random error 9.0 (30) jitter sensor 0.008

2~450 Hz
WISH (wedge-filter imaging sounder for humidity)
H,0O NPOESS
GOES/WIS
(wedge-filter imaging sounder) 1 km
710~2900 cm” 1%
JAXA SPF (stratospheric
platform project) 67.8m 6,400 Kg 4
( 25 m)

JAXA
WAMS-TIR(Wide angle multi-band sensor-thermal
infrared) WAMS-VNIR TIR FOV 100 320x240
37 um

uncooled bolometer 7~12 pym

VNIR °FOV 110 CCD 1280X1024 4 Km

okamura.yoshihico@jaxa.jp
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8 Km 500~1000 nm
545 678 763 865 940 nm

10 nm 678 865
(aerosol)
NEC TOSHIBA MITSUBISHI
’ SiC NT-SiC
SiC+C
SiC+Si C
1% 2002 2004
8 400 mm 11 650 mm
2005 3 CVD
Al Au Ag 1000 mm
NASA Fabry-Perrot
VNIR 10 nm
lidar
DOME i
52 P 1p
h Eu
h vl P load

! tsuno.katsuhico@ntspace.jp

8 http://sdcl.colorado.edu
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lidar

O;
OH Noy, CO H,CO C,Hy4 C,H,
LIDAR
DIAL (differential absorption lidar)
O;
208~2320 nm 20 Hz 1]
>3] 1064 50ml]
@ 50 Hz
ADEOS-II ADEOS
(9 )
GCOM (Global Change Observation Mission)
ADEOS-II NASA ESA

3.1.9Instruments, Sciences, and methods for Geospace

and Planetary Remote Sensing
NovaSol

geo-registered NASA
COMPASS pitch yaw
roll 100Hz pitch yaw  roll
+5 10 15 15deg./s 15deg./s 25deg./s

18



0.35 mrad. 4 0.7 mrad
GPA OmniStar IMU
Kalman filter HSI ?
25%~35% CO,

Autonomous Aerial System (AAS)
geo-registered CO, (

) (15
Lightmyth

N

10

u-TAS

silica on silicon RIE

John Hopkins a

GIFT(3.1.4 ) GIFT Fabry-Parot

° http://www.nova-sol.com/default.asp?area=support&project=compass
19" http://mww. lightsmyth.com Dmitri lazikov, diazikov@lightmyth.com
1 jeng-hwa_yee@jhuapl.edu
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0O, albedo
Fabry-Parot

albedo
Fabry-Parot
1 HRE
)é>—’(
MRE LRE  Filter 0.4 cm™ 4{
stellar occultation
ENVISAT GOMOS (limb observation)
( 10-50
)
STARS 25 CO, H,O N,O

C,H,4

20



3.2

Maona
NOAA

321

(Haleakala)

NASA I5 M

sterling cooler

ball soldering
pin
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adaptive

(astigmatism)

T

PZ
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( 10 cm I mm) PZT

PZT
100
PZT
CCD CCD
VNIR CCD 4k x 4k 64
512x512 8
CCD
CCD

OTCCD 2k x 4k

23



3.2.2
(2)

(2)
Hachground
Suppressol
Spectrograph
GPS-INS
: f Line Scan
f‘ C;.arnura

’ rj‘ ."’f -

)
# -t‘

o> i

-~

S

%
Vibration _ :
Isolatior

Hiack Body
\
Power Supply

UH AHI (Airborne

24



Hyperspectral Imager) ' 8-12 um 256
100 nm 3
190 1000 W

NASA (
MAHI Mars Ateration Hyperspectral Imager)
2-2.5 pym HICO(Hyperspectral
Imager for the Coaster Ocean)
20 m 400-2350 nm
(3)NOAA
NOAA B (
)
( NOAA
)

AVHRR GOES TOPEX/Poseidon JASON-1
QuikSCAT OSCAR SeaWiFS MODIS

(4)

12" http://www.higp.hawaii.edu/ahi/
* http:/icoastwatch.nmfs.hawaii.edu
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EMI 30

)
(Pacific Island Fisheries

Science Center)

All Leatherback Turtle Tracks

N * | —
. E17712 02 7

E17744 01

20°N-
10°N-|
0 | edten 00 E15389_03
. Ay %
=10°N- ¥ T T T T T T T
140°E 160°E 180 160°W 140°W 120°W

26



SPIE

()

O (0)) )
()

John Hopkins
()
NASA 2004-2014

) NASA

Raytheon R&D O;
2008
2004

CMOS ) 2005
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JAXA NEC
:WAMS-TIR WAMS-VNIR )

()

% hitp://Awww.nasa.gov/centers/langley/home/index.html
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GPS occultation sounding star occultation
NASA

NASA

NASDA JAXA

NASA ESA JAXA
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NASA  NPOESS

CNC

CMM

2011
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NASA
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RMSINSTRUMENT

I. III BE RMS INSTRUMENTS G-822A

ml pa Recording Systems

—
EATT-1 Dimwway Drive Tal [BOE|ETT KEXNI
Wnsisdaugd. Drlinn Fax: B38| 8T7-5300
Cacminm LAY VL0 Winh D o TSR

a-fimd . F=on @ e e

GEOMETRICS" MODEL G-822A
AIRBORNE CESIUM MAGNETOMETER SENSOR

& dirborne ane Webde Appfceiions aoo M Semsor
lnrtaVahiony

& Auntoenatic Hemdaphere Swotcinmg

4+ Highest Seasitietly — 0.0005 nl e WS with ihe G-
G224 Super-Comnier

¥ Very fow beadieg arror — 00, 18aT over arnre 360 °
Epuratoial ol Palar spnme

¢ Gradomener avays offedng Seae' Time Compeasenion of wg
0 fOLT SHDATEND SAVEOrT Wil Bive AWTS Maelfuinmis”
AADCT Awraurraile Aararegreic Inpis Compenneior

o AME festrumnarrs offors cowmplens turmhey 3y tarrs

ancivefnyg Aeai-Tiee Asrmmagaetic Compemration. gy
Dt Acgnwdaitiion, VLF EM, fartfaladion e fradmimg

The G-B22A is desigred far all arbarne or mobde apphoatons
whers the unigue combinadion af figh sensioedny ard sary Fapid
sampkng of the earth’s magnatic Fesd @ neguired

Agplications includa magiping gachagic srvetuie for miming, ol
arel gan daglorution, and ke dolecton pnd delmwation of tonget
Bading in arndiranmeriad of militety Eyps surveys. Tha unig
conmets of 8 high performanoe low hesding error cesiipm vapes
senaor with s associoted cabies and dives alectianics

[ W

The G-B32A sanidr wies 8 preciss wel-proven design, onreluly selecied ard Teag coinooaaima 1o #sur
the vary hesl apecifications in sensitivity, nolse, heoding aror and abecskita Becéuracy, A& proven recaond of
#lnble wnd robshin operation aver long pesiods (s the hallmon of th indaetey aranded G-B2248, A sngle
coaxinl cable of uw to 50 meters length supples both 28 VOC povwss and Latmor signol transmissaon from
the seneor drnver glactrorecs to the RME Instrimsnes’ AADCI Aidomialic Asromagnetic Digital Compensator
or the G-B224 Super-Cownter, Irmemial of axtarmal slgrnlipower filer-decoupiers posembies ano avallabla to
privevdn axprasnaly o noies aparation,

Tunirg Hhrisghent 1hn &anh'a fisld range is fully automatic, sod ncludes aulomats kemisphone eaitching
ol edqudtcmal sirviya

Tha ssnsorfelsciionics pockags i3 watertsght, femparacura comtrollnd, anid defsaim Tull pararmance Lo

Hatrems operabing conditions. Accessones inclisds spacipl e bing clumas @nd oriendadion plattanma Tor
Instaliation into a vareedy of vehick or ainggalt mounting configurations.
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MODEL G-8224 AIRBORNE CESIUM MAGNETOMETER SENSOR

SPECIFICATIONS

OFERATIVG PRINCIPLE:
DrenATivG Ranar,
DreraTING TOMES:

Banmnr:

Bansoe Elncarnaice:
Cabies:
Senpor 10 eleciromice:

Seneor Electionica 1o Countai:

Onsis i TEuPERA FLFE;
STORAGE TEMPERATLIRE!
AL T

Warer TiGHT:

Powri:

ACCEEEOREE:

Stnndnrd:

Optionnl:
Signal/Power Decouplen

Intemnl Decoupler
Extarnal Do g

Esll-nacilintng snlit-beam Cealum Vapar (non-nedinssteea)
0000 1o 100,000 nT

The sarth’s fieid should ba ot an @ngli graater then §° loem ths
EENEOT'S SijuRlal ard giesls tharn 8° awsy from the sensoe’s long
nzin. Auinmatic hemesphers swiching.

< (LOOOE ATHHe e, Typicaly 0,003 nT B8 at a 0.1 second
samiple rale wsng G-02208 SupBErocounter.

0,18 AT lover entee 3607 poler and equatorial sain).
<3 nT throughout mnge.

Cycle of Larmmor freguenoy = 1 48E5TY He/nT,
2 P-P coupled through the sensar powser InpuL

2375 {60,3F mm) din,, 9.25" 166,75 mmi lorg, 12 o (339 gl
- Wy ariariation in 7° @e, 1170 mm dia| sboger

A.E° B35 men| e, 107 (2704 me| leng. 22 o (B33 gi.

108 in, standard |2.77 m) with connector on ssotronlcs and.
DOptionol kengibs availoble - 28° (74 om|, 89 (1.7% m), 148°
13,78 ml. Lengths approximaie dus 1o cable variatkor,

Handarcd 32 Ft (V3 ml, up do 1686 # (B0 mi (Coax with sgnal
supermmpossd Oon powes),

F0F o +122°F |-36°C do + BOOC).

-4E7F 1e + V58°F [-45°C 10 + 70T

U to 300000 H 19,030 mb,

Saaded 1o up 1 2 1 |06 md dupth,

2 10 A2 NOE, 0,76 amp ot twerm-on and 0.5 amp chareatier.

PoweriLermaor coaxinl coble lelectronecs to coumerd, longtha 1o bo
speaified, spars O nngs, oparation manus ord SR Sadin.

Seporates the Larmor signad from the povwer (28 W 10 anabila
conneotion to AMS Instrumenis’ AADCIH Butnmatic Assmsgnmic
Companestol of Customar supplind 2ol

P 2TE04 - wp io fwao sensar insdnlintion, installed inside SA&DCIH
PN FTSED - thran and four gansce metallgisn

LANCTACANARS SLWATT 0 DA TR T SN
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MOSAI C( Maui Optical
| maging Center)

r

raul Optical Systerm and Imaging Center

Contact Information
Dan D'Connell
Optical Engineering Services
Phonie: BOB-875-00LR [2657)
Fax BOB-B75-2324
Email mosaicToceanit.com
VWabsiba: wwis. mosaicophcs.com
Location: Maui Research & Technology Center
580 Lipoa Parkway
Kihei, HI 98753

MIOSAIC is a business unit of

L
oceanit
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Testing & Diagnostics

Iyo GP| phese-shifting interferometer

Shack cube interferometer
Davidson and Taylor-Hobzon aligmen telescope
250W (TH feedback stabilized lamp

(riel Monochrameter

Characterization Services

Leser spectral characterization

Tracesble reflectance § tramsmizzion measurements
Varian LIV VI MIR spectrophotameter

Wavefront sensor & Deformable mireor testing

ADA wavescope wavefront sensor

14 achuator DN

1ed glement spatial kight modulator

n
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Rapid Optics Prototyping..
In Your Hack Yard

Maui Location
Benefits Services
&mall production runs upon request Optical Design & Fabrication
Close contact with our staff Mechanical Design § Fabrication
Try new idess [omplete opio-meckarcal assemiies
Expand research and grant opportunities
Value Added Support
[ptical Scientists & Design tngnesrs
Dpticians

Mechanical Design Engineers

Lzser Scientists B Design bngineers
Hstronomers

Electrical Design Engineers

Maui Optical Systems and Imaging Center
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