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Remote Sensing Related Use of Modtran®

Atmospheric Gas Retrieval
Aerosol Retrieval
Atmospheric correction
Sensor Design
Sensitivity Analysis
Energy Balance Models
Scene Simulation
and many more...

. how to design add-ons to MODTRAN for Remote Sensing?

ReSe

Applications 32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch
Schléapfer

4#7 DLR

Forward Simulation?

Modtran built for forward simulation:
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MODO being a helper to ease this part.
ARDD§C§0E 32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch #DLR
Schlapfer
ReSe
Applications

Schlapfer

32" Trans. Meeting, Boston 2010, Page 2



Inversion?

How to find the inputs from at sensor radiance?
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ATCOR being one of the solutions for that part...
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MODO

‘Modtran Organizer’
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MODO - Goals

GOAL:

Create a tool for scientists to ease the use of MODTRAN for
remote sensing.

+ Translate the original tape5’s,
» Create a bridge to remote sensing sensors,

+ Support typical research tasks such as at-sensor radiance
simulation and sensitivity analyses,

* Provide an open, programmable system.

Applications 32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch # DLR

Schléapfer

MODO - Development

1994: Development started in 1994
1996: First version available
2000: New Foundation 2000 (for Modtran 3)

2004: Release of Version 3 for Modtran 4
License from AFRL for inclusion of Modtran 4

2010:  Update to Version 4 for Modtran4 and in parallel Version 5
for Modtran5

soon:  Release of the new versions including Modtran5

(Beta versions are available upon request,
but without Modtran 5 components)
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. . y
Dealing with Tape5’s
‘Scientific Approach’:
» Don't hide the tape5’s given structure.
+ Show as many options as possible
+ Allow to use the original Modtran documentation manual
efficiently
+ Support import/export for batch processing
» Read/support all possible options
(but not all are editable by GUI)
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000 I\ Editing Tape5 for MODTRAN 5
Wodtran | Text | Std | Midlatitude Sumer | Vert. Path fron/to | Full Radiance | Hultiple Scat. at WL | - > -
Default Gases: | I i Do IT—Bomdara: i || ¢ g
01d catten | o | Morwal | [ [5 coalpen]: [Bs5.000 teo: |1 03: 1 pdd; Mo More
MM 0O 2 Files: Kuruez 1357 | 1 cu-t Standard |  Orig. Resolution | Modify fero | opycoce: —
FF 8F 53
Default I Rural Extinction V¥=23km | Default | Season as Model | Normal Yolcan Background | | No clouds I No ¥SA |
1 0
Visibil.(km) | . [5 60000 Rain Rate(nn/h): |9.00000 Ground Alt/kn: |0.00000
100.000
1 2
47.200 Sensor Altitude HL(kn): 100,000 Final Altitude H2(kn) : [0.00000  Sensor Zenith (degree) : |180.000 fu + | 0.00000
2 |0.00000  Earth Radius (Def,0) : |1.,00000 Path short{0)/long(1) : |D i 2 | 0,00000
4000.0
Only Observer | Mie Phase Function | i o6 the years I;T Source Sun
]
Observer Latitude : |47.2000 Observer Longitude : |B51.500
Dec,Greenuich Tine: | 12,0000 Path Azinuth: |1,00000
R e s e Range: |4000.000 to |25000,00 Resol: |15,000 FuHH: 20,000 _NePlt | el | Trian | noflx | End Hodtrn
Applicati
s?—.i :caup'?:f Help| 2| Seleot| “uor| Shou| Save fs| Clone|test <<|1 > kill| Run Hodtran| DONE| y
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Remote Sensing Specialists approach:
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Sensor Simulation

Hide unnecessary Modtran options

Use Sl units common to remote sensing (i.e W/(m? sr nm) )
Include common sensor systems and characteristics
Extract the total radiance

Feed ground characteristics from external sources

Bridge to ENVI spectral libraries

4#7 DLR

Calculation Types

X! At-Sensor Radiance Simulator

“* Low Res (15cm-1) <~ High Res (lem-1) < High Res with DISORT < High Res with DISORT and C-K

Output Mode: Full Radiance

Hodels Hidlatitude Summer
Gases: 02 [ppm]: I;Ess.ooo
fierosols: Rural Extinction W=23km |

H20 (scaling / glg/cm2]): |} 03: (scaling / gla/cm2]): I:
Horizontal Visibility [km]s |723.oooo

>Spectrund I Reflectance Yalue / ID:

Boundary Layer Temperature [K]: |,7233.150

e

Ground Altitude [km]:

Sensor Altitude [km] ¢ IEI.O0.000

Day-number of the year: |§180 Sun Zenith Angle:

0, 00000 Sensor Zenith (Nadir: 180 deg): | 180,000

30,0000 Sight-Sun Azimuth Angle [degl: I;’J.S0.000

Select| Sensors Response-File[s

113

Yraid/sgl/softuare/modo_v3/sensor_resp/aviris/aviris_03,spc

Channels/Bandss  from (>0) | &

to 3 224

DeFinel Output File Name:

II/home/r‘sll/dodermat/src/ id1/modo_v3/out, txt

Help

Done

Calculate
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Result
/Users/dschlapf/mod_sensor.txt
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Sensitivity Analyses
What for:

+ Evaluate the discernability of spectral ground reflectance
features after atmospheric ‘distortions’

» Show the range of impact of various atmospheric parameters

+ Search for methods for atmospheric parameter retrieval

» Sensor design question (radiometric range and SNR
requirements)

Applications 324 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiépfer, daniel@rese.ch ¢ DLR

Schlapfer

ReSe

Applications nd )
Schlapfer 32"? Trans. Meeting, Boston 2010, Page 7




Sensitivity Analysis

OO '\ Create MODTRAN Series

Select| Input-HM0D4-Tape5 Standard I?User‘s/dschlapf/test.tpS

4 Visibility [km] «  Ozone + PARM2 (Relative Azimuth Angle)
+ HRerosol models « Carbon Dioxide + Sensor Altitude
Series of
~ Std, Atmospheres -+, View Zenith Angle + bGround Altitude
v lWater VYapor +~ PARML {Sun Zenith Angle) < Surface Reflectance

Parameter Series (Comma Separated) |5,10,20,5(I

Number of the Column to Be Extracted (Default: -1): I’-i

Select| Sensors Response-File[s]: I Ysrc_idl/modo_vG/sensor_resp/17_tnm/17_tmml ,rsp

l]eFine| Output File Names I?Usersr’dschlapF/mod_series.txt

Help I Clear Series Tapes Run Series Done |

A
Result
/Users/dschlapf /mod_series.txt

Q.15 — T T T — T T [ Tt T Tt T [ T T 7 T
i _,'.\ N\ — vis 5km ]
i AN vis 10km T
B R \\_ vis 20km 7
K0 = N e - vis 50km 7
It - i
0.05— -

( Q.00 I A S | R U S S S | R S N S | R S S S S | P |
Epﬁ: 0.0 0.5 1.0 1.5 2.0 25 R
Schla) wl
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Introducing Modtran® 5 in MODO

» Extended internal data structure (naming consistent with
Modtran manual)

» Added generic spectral shift analysis tool

» Support for new solar reference data options

» Added support for new Modtran atmospheric correction mode
and added simple atmospheric correction tool (SACO)

+ API for use of functionality from IDL applications

Applications 32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch # DLR
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SACO - Simple Atmospheric Correction

Uses the *.acd output of Modtran® 5 directly for atmopheric
correction.

Restrictions:
* No angular dependencies
* No terrain correction
» One set of parameters per spectral band

Advantages:
» Very fast processing.

» Baseline atmospheric correction for evaluation of atmospheric
correction developments.

Applications 324 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiépfer, daniel@rese.ch ¢ DLR
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SACO Calculation

p %
p = Surface ‘reflectance’, directional

*.
Ttot,dir + Tdif + p s

(bottom of atmosphere reflectance)

path

[(DN-¢ +¢,)-L
E, cosO

]mf

Apparent at-sensor reflectance

p* =

Total path radiance

T,, E cosB-riru,(_)
Lpath = Lazm,O + L (; - -
wd (1 - ps)
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OO I\| Atmospheric Correction Parameters

Calculation Options: > Low Res (15 em-1) + Standard (1 cn-1) + Standard with C-K

Hodel: Hidlatitude Summer |

Gases: €02 [ppm]: |1365,000 H20 (scaling / glg/cm2]): | g2 03 (scaling / glg/em2])s |}
0,06 I\ SACO - Simple Atmospheric Correction

Select| Input ENVI File (BSQ): I/src_id1/atcur.f‘atcur‘_-d/demo_data/vnrd_demn/hgmap_seo.bsq’.

Selectl Calibration File (ATCOR): I/src_id1/atcor/atcor'_4/derno_data/vord_demo/humapOd_Final.calE

Selectl Atmospheric Corr, Data: I/src_id1/atl:or'f‘atcur‘_-d/demo_data/vord_demo/humap_acd.txt.E

Reflectance Scale [* Z]: |1(}: Solar Zenith [degl: IBB.OOOOOO

Define| Output File Name: I./sr“c_id1/al',l:or‘/at',l:or_4/dem\:;_dal‘,a./\Jar‘d_det\no/hgma}:v_saco.bsqY
Z
Define| Output File Name: I}'sr‘c_idl/atcor/atcor_4/demo_data/vor‘d_demo/humap_acd.txt

Help | Export TapeS Done | 4
2

Reoe DLR
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500

400

300

SACO-Results of atmospheric correction

Spectral Profile
T

HYSPEX Imaging
Spectrometer Processing

Black: ATCOR 4 Output
Brown: SACO Output

(both unfiltered, single
pixels)

200

reflectance [%+10]
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400 nm

“— 150
1000 nm

100
Index Number
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Open ltems for MODO

Future enhancement options:

* Scene simulation

* Sensor model inclusion

* Atmospheric profile editor

» BRDF visualisation and support
* LUT generation tools

32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch
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ATCOR

Atmospheric Correction

Applications 32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch ¢ DLR
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Complete atmospheric and radiometric correction

calibrated hyperspectral
image data incl. geom.

iradiance map surface reflectance (HDRFmeas)

atmospheric topographic
LT ‘ ‘ T

I L‘ pre-classification

spectral /
BRDF —| ISP quantitative dassification
database vapor feL
I ¥ ¥
erosol ANIF maps
q Iumnarﬂ

BRDF processing }culation with ]
ain

T
adjacency radiance calculation

spectral albedo (BHR)
" calculation

| iradiance map | | surface reflectance (HDRFmeas) |
ReSe
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ATCOR - Goals

To develop a complete and self-contained atmospheric
correction software on the basis of MODTRAN for remote
sensing systems in the VIS/NIR and IR.

ATCOR-2: two dimensional’, i.e. no terrain, multispectral
ATCOR-3: ‘three dimensional’, add terrain influences

ATCOR-4: ‘four dimensional’, add spectroscopy support and view
angle dependencies for airborne data

Applications 32nd Atmospheric Transmission Workshop, Boston, 2010, Daniel Schipfer, daniel@rese.ch # DLR
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ATCOR - Implementation

Uses a ‘universal’ spectral database (Look-Up-Table) at 0.4 nm
resolution

New sensors are introduced by resampling the LUT.
Based on IDL technology for fast prototyping, continuously updated

History:
» Developed originally by Rudolf Richter, DLR:
+ Development started in the late 80’s
+ Patent held by German Aerospace Agency
» Sub-Licenses granted to ERDAS Imagine and Geomatica
+ Original code co-developed and distributed by ReSe since 2002

Applications 324 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiépfer, daniel@rese.ch # DLR
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ATCOR - SACO

ATCOR SACO

Image-derived inputs (aerosols/ User-defined inputs
water vapor)

6-D Look-up Table One parameter set per band
Terrain + viewing angle - aware Nadir conditions only

30’ for 1600x3000x160 bands 15x faster

Processing chain component Simple scientific test tool
Validated and broadly used Non-validated

Side outputs (aerosol, water No side outputs.

vapor, emissivity, temperature...)
Haze, cirrus, shadow correction No spatial variations in correction

Applications 32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch # DLR
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Hyepex Atmosphéric Correction
i »

HYSPEX: E f {J\-!_

VIS-NIR '

hyperspecitral
sensor,

3.6 nm resolution
160 bands
400-1000 nm
1600pix across track

Courtesy:
NEO, Norway
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Hyspex Atmospheric Correction

3
=)

ATCOR-4 corrected
Apparent reflectance

N
w
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N
o
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150

100

Reflectance [%+10]

wu
o

0.8 0.9

0.7
Wovelength [um]

Apparent reflectance (dashed) and corresponding surface reflectance (line) for
dense vegetation (green) and bare soil (red); ATCOR-4 correction, no
interpolation)
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SACO Outputs On HYSPEX
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ATCOR smile
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Hyspex Overlap Comparison

300 » Dense vegetation
N Solid:  scene bio_2
= 250 Dashed: scene bio_3
Y C
® 200f
8 oF 0 mesal T T
c 150 - -
S N - -
9 C
® [
© C

w
o

[P NN N

o -~~~ s L L L L
0.8 0.9

0.7
Wavelength [um]

HYSPEX reflectance spectra, overlap of two scenes

(all corrections done with ATCOR-4, small atm. features are interpolated,
Spectra of 10x10 pixels samples)
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HYMAP
BRDF in Overlap

HYMAP data set
'Vordemwald' (Switzerland,
2004). mosaic after
orthorectification

* 2400m above ground
 sun zenith: 38°

* 512 across track pixels
* Photogramm. DEM

« FOV: 61.4°

(data in courtesy of RSL, Zrich;
PARGE orthorectification)
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Reflectance [%]

Spectra in Overlap - comparison

No-BRDF influence (Asphalt)

Strong BRDF effect (Soil)

GO T T T T

—— ASD Reference
..... Min/Mox Reference
S0F e ATCOR-4

= COPC

S0F e A1COR-4 left
1= ATCOR-4 right

3

Reflectance [%]
5 @

T — T
—— ASD Reference Medii J

+ Min/Mox Reference: :

CDPC-fefll

05 1.0 15 20 25

Deviation [%]

500 1000 1500 2000
Wavelength [nm]

2500

500 1000 1500 2000 2500

Wavelength [nm]

Wavelength [um] Wavelength [um]
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Yegetation Bare Soil /River
30 T T 30 T T T
ATCOR \
g 40 F SACQ g 40 F
3 3aE 3 3aE
< <
== E = E
3 20F 3 20%—
& 10 & 10F 3
E = 3 N
QE i Q (‘.( e —— ’[\

Deviation [%]

500 10090 1500 2000 2500
Wavelength [nm]

500 1000 1500 2000 2500
Wavelength [nm]
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Relying on:

Implemented or used in ATCOR:

Solved Problems in Atmospheric Correction

Data calibration
Accurate LUT generation or reference (MODTRAN...)

Vicarious radiometric and spectral calibration
Link of geometric and atmospheric correction
Aerosol retrieval and haze correction

Cloud- and cast shadow correction
Correction of spectral smile

Water vapor retrieval (over land)
Topographic illumination correction

Empirical illumination BRDF correction

32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch # DLR

Haze and Cirrus Correction
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Cloud and Cast Shadow correction
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Empirical BRDF Topographic Correction
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Spectral Smile?

-0.0

mile [pixels]

SEEREREREE
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n

200 400 600 800 1000
Across Track Pixel Number
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Spectral Smile (2)
z =3
o, 650 3
§ eoo0f =
9 5500 —— no amie E
B E ——— amila affectad E
_; 5000  ——  amils interpolatad _E
o C =
5 4500 3 E
w4000 & L . \ ) 3
750 760 770 780
wavelength [nm]
= :sa‘iij’_kﬂ& :
E e 3
5 20= E
= E ]
% 185 ~——— amila correctad 3
5 F = amila interpolatad E
E 10 E = noamie =
T osF 3
ok . . . . E
750 760 770 780
wavelength [nm]
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Spectral Smile (3)

&}
(]

smile corrected

reflectance [%]
)
o

smile interpolated

o

L L L L L B LB

— no smile correction

e b b by an i

L | L L L | L s L | L L 1 L L 1

600 800 1000 1200 1400
wavelength [nm]
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No Smile Correction

Smile Interpolated

Columnar Water Vapor (1)

Smile Corrected

Water vapor column simulated ENMAP data

Alfalfa Conifer

Soil 1 Soil2

Soil 3 Polyethlyene
rho 0.1 rho 0.2
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22.75
20

Boston, 2010, Daniel Schiapfer, daniel@rese.ch

22 24 kg/m?

#om

No Smile Correction Smile Interpolated

Water vapor column simulated ENMAP data

Alfalfa Conifer

Soil 1 Soil2

Soil 3 Polyethlyene
rho 0.1 rho 0.2
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Columnar Water Vapor (1)

32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch

Smile Corrected Smile and Vegetation Corrected

22.75
20

22 24 kg/me
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Using Modtran 5 in ATCOR-4

* Completely updated atmospheric database at 0.4 nm internal
spectral resolution (in order to support 2nm spectral resolution

imaging spectrometers)

* Uses the Kurucz 2005 database as basis
(Option to switch solar irradiance function)

» Using Correlated-K with DISORT for all calculations of database,

¢ Provided with universal 6.2GB database.

32 Atmospheric Transmission Workshop, Boston, 2010, Daniel Schiapfer, daniel@rese.ch

4#7 DLR

Schléapfer
Differences: HYSPEX
Vegetation Bare Soil
‘35 F T T T q 20 [ T T T T ]
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Differences: HYMAP

Yegetation

Raflactance [%]
Raflactance [%]

500 1000 1500 2000 2500 1000 1500 2000 2§
Wavelangth [nm] Wavelangth [nm]
20FT T f-l T 20FT T T T
; ATCOR I E
10F SICOR 10F 1
5 L £ h
B8 oF h M A 8 oF ) NN { .y d 'nr\_.ﬂu
3 VY WUU 3 CEW TWW
& E & E
o E o E
—10F —10F E
—20ElL . : . 20k . . :
500 1000 1500 2000 2500 500 1000 1500 2000 2,
Wavelength [nm] Wavelength [nm]

Conclusions

Atmospheric and radiometric correction seems to be an ever evolving
topic...

Recent advances have been made with respect to
» Coupling of geometric and atmospheric correction
(i.e., raw-geometry based atmospheric processing)
+ the correction of haze and cirrus,
+ the incorporation of spectral smile,
+ water vapor retrieval accuracy (including smile)
+ automatic processing possibilities (e.g., aerosol type detection)
+ spectral resolution
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Outlook

Open Challenges

Water vapor over water and dark objects

Overcast sky (fully diffuse illumination) correction

Aerosol size distribution and complete aerosol characterisation
Inclusion of further gases based from imagery (oxygen, CH4)
Coupling with water radiative transfer for limnology

Cirrus correction

Work on spectral polishing/pushbroom calibration residuals

0O 0O O O O O

and:
o complete BRDF correction (‘BREFCOR’)
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Model based BRDF correction (BREFCOR)
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Model based BRDF correction (BREFCOR)

(see talk of T. Feingersh)
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Thanks!

Daniel Schlapfer
daniel@rese.ch
www.rese.ch

Please feel free to take a flyer;

Test license available upon request from
daniel@rese.ch
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