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Historical Context g\

Level-1 Introduction

A Level-1 (L1) is part of the Science Data System (SDS), where the SDS:
A Creates LO, L1, L2, L3, and L4 products, and
A Delivers products to the Land Process DAAC (Sioux Falls, SD)

A Level-1 Inputs include:
A LO Data

A Raw Image Data Packets

A Ground Imagery and BlackBody packets Science Data Produg

A Spacecraft Orbital Metadata
. Radiometricadprrect
Radiances

A Ancillary Data

A Landsat Ortho-Rectified Image Base (geolocation) .
A Digital Terrain Models (pass-through) Emlsswlty

A Elevation Evapotransplratlo
A Land/Water Mask . Water Use Efficiend
A Level-1 Outputs include: Evaporative Stress |

A Calibrated Radiance images with
A Geolocation (position) and
A Associated metadata

e
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L1 Overview
B

SDS Processing Flow

USDA

Level-1 (L1) Processing
ISS MODIS DAA
NWP Products Landsat C
| A [
LOA Geo, LSTE, Validated
PACKETS - Cloud Products
PT-JPL
LOB PGE )= —> L3/L4
PGEs
Production Facility
LO packets: time Time referenced Calibrated Land Surface Evapotranspiration,
codes, ephemeris, annotated data, Sensor Temperature Evaporative Stress
attitude, black radiometric Radiances & & Emissivity, Index, Water Use ET, ESI
body temperatures calibration coeff geolocation Cloud Efficiency (PT-JPL) (ALEXI
L OptionaiOutputs parame;ars l l 1
SDS SCF/testbed Data Portal

Co-Investigators
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L1 Overview

A L1 Processing consists of four PGEs (Product Generation Executives)
A L1A

A Raw Data Processing (Chu)
A Reformat Incoming ISS data packets, metadata, and ancillary data
A Formulate Focal Plane (FPA) Earthimages by spectral band DNs
A Formulate on-board FPA Blackbody Calibrationimage DNs

A Radiometric Calibration (Logan and Johnson)
A ConvertImage Pixel DNs to Radiance Coefficients

A FPA Blackbody temperatures are converted to radiances using the Planck
function.

A FPA DNs are converted to radiance values using a two-point affine
transformation. Conversions are stored as coefficients.

A L1B

A Resampling and Radiance Delivery (Smyth)
A Merge Focal Plane overlap and average pixels (lines) to improve signal.
A Fill Missing Data (Nguyen and Hulley)

A Geolocation (Smyth)
A Geolocation Matching (using Landsat orthobase) to correct for Positional Errors
A Geolocated L1B Products

: ECOSTRESS Science
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LO Inputs to L1A Raw Data PGE
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L1A Radiometric Calibration PGE é)\

L1A Radiometric Calibration Steps*

A Purpose: Convertimage TIR DNsto Radiance
A Procedure for each image:

A Read temperatures from Sensoro6s Col d (-

A Create synthetic FPA temperature images of Cold and Hot Blackbodies and
convertthem to Radiance (Watt/m2/sr/um) using the center wavelength of each
TIR band and the Planck function.

A Collect push-whisk FPA Digital Number (DN) scans of the Cold and Hot
Blackbodies And Ground for all wavelengths.

A Using the FPARadiance values and corresponding FPADNS, use a two-point
affine transformation (creating gain/offset coefficients) to convert each Ground
pi xel s DN to Radiance.

A Accuracy is expected to be ~1.0 Kelvin. The Science Team can also choose between two
Planck algorithms and linearly fine tune each TIR band radiance.

A TOARadiance and Temperatureimages can be generated for Validation and Verification
purposes as necessary.

A SWIR band is not radiometrically calibrated
provided unsuitable. It maybe providedasanon-s ci ence fivisual o produ

*Doc ument e dl Focal Plandé Arrayvaad Radiometric Calibration Algorithm
Theoretical Basis Do®80&ment (ATBD), o JPL D
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L1A Radiometric Calibration PGE

L1A Radiometric Two-Point Calibration*

Approach
Read BB Temperatures.
Create synthetic FPA 256x1
Blackbody Temperature Images.
Convert FPA BB Images to
Radiances using Planck Function.
Collect FPA Blackbody and Ground
DNs.
Apply 2pt Algorithm A

o Do Do Dode

Scan Mirror

Blackbody
FPA DNs

Ground
FPA DNs
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Two-Point Calibration Formula

Ri= a + bDx
_ RyD. —R.D, b= R.—Ry
“="p, -p, D. —D,
Where:

R = Calculated Radiance of an input Digital Number (DN)
a = Offset Term
b = Gain Term

D = Input Earth Digital Number (DN)

R . = Radiance of the Cold Blackbody (Section 3.3.2)

¢

R,

1

= Radiance of the Hot Blackbody (Section 3.3.2)

D, = Digital Number (DN) from the Cold Blackbody Calibration File (Section 3.3.3)

D, = Digital Number (DN) from the Hot Blackbody Calibration File (Section 3.3.3)

*Doc ument e dlFocal PlanéArrayvaad Radiometric Calibration Algorithm
Theoretical Basis Do®80&ment (ATBD), o JPL
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L1B Resampling PGE

L1B Resampling

2) Composite

multiple FPAs

into one image
3) Fill Dropped <
Lines

ong Track (X)

Processing
1) Average . -
FPA 2-to-1 [ =» [
to improve [ i
signal 4 ¥
ul
-

A L1B Corrections Include:

Too J>o To o

FPA Overlap

Resampling

Optical Distortion Removal
Data Fill for Dropped Lines
using Machine Learning
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Pre-Launch Performance (20180202) ‘q'l)\
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ECOSTRESS Band 4 Temperature Linearity Test
340 T T T : T
¥XB'using 1:2 =
Thermal 9.1u Band

T 320} _
8
: 4 _110° F TVAC 02FEB2018 BAND 4 LINEAR CALIBRATED TEMPERAT
[*) Band Microns Coll ID Inp C Inp K Out K t_STD KDIFF
3
e 4.00 9.10 20027.00 —-30.30 242.85 0.50 -1.48
E 300 - 4.00 9.10 90028.00 —18.65 253.50 0.27 ~1.43 —
o 4.00 9.10 90029.00 -10.45 262.70 0.10 -0.70
c 4.00 9.10 90030.00 —-0.60 272. 80 0.40 0.25
o 4.00 9.10 90032.00 6.70 279. 280.00 0.06 0.15
- 4.00 9.10 90033.00 9.34 2 283.01 0.07 0.52
[} 4.00 9.10 20027.00 293.00 0.03 0.35
= 4.00 9.10 90028.00 15 289.00 0.00 0.85
Tg 4.00 9.10 90029.00 65 303.12 0.32 0.47
E 4.00 9.10 90030.00 05 313.863 0.48 0.58
[ &) 280 — 4.00 9.10 90032.00 65 320.97 0.18 2.32 .
(%) 4.00 9.10 90033.00 65 325.00 0.00 1.35
= 4.00 9 90034.0 91 334.18 0.39 1.27
e
26" F
E
Qo
©
2 260 Inp C = pt RTD BB-measured Celsius temperature. —

Inp K= Kelvin Converted from Inp_C.

Out_K= Calibrated Kelvin from Imaged BB.

Out_STD= Standard Deviation of Out_K.

KDIFF= Out_K—Inp_K.

240 1 1 1 1
240 260 280 300 320 340
RTD-measured Temperature (Kelvin)
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L1B Geolocation PGE é,\
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L1B Geolocation*

Purpose: Calculate the Latitude and Longitude of each image pixel.
A Corrections for Small Errors (less than 2 pixels):

A Focal Plane Scan-Line Offsets.

A ISS altitude, pitch, yaw, and roll.

A Orbital position uncertainties and camera jitter.
A Corrections for Large Errors (2.5km to 7.5km):

A Attitude drift can be large (position must be extrapolated from the ISS. No Star
Tracker).

A Attitude correction is performed by co-registration/matching an
ECOSTRESS TIR image with a similar ortho-rectified Landsat
wavelength.

A Testbed results suggest ECOSTRESS images with positional offset
errors up to 12.5km can be geolocated to about 0.1pixel RMS.

Geolocation accuracy is expected to be meet the 50m positional requirement.

Latitude and Longitude coordinates are extracted and supplied for each input
75x68m ECOSTRESS pixel. Note that pixel size will vary with ISS Altitude.

*Document edl B nRRe sfialnepMeilng and Geol ocation Al gorith+#bdlheoreti ca

. ECOSTRESS Science
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L1B Geolocation PGE %\
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Position Correction
ECOSTRESS TIR Band Registered to Landsat TIR Ortho-Base

ECOSTRESSTIR Band Landsat 7 Global Ortho-Base

Simulatedfrom ASTER Band14 (11u) Band6 (TIR) Band (10.4-12.5u)
With Rotation for Geolocation Matching Co-Registration provides precise Geolocation

. ECOSTRESS Science
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L1B Geolocation PGE é'l)\

TOA Radiance Swath

N
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L1 Product é)\
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So whatos changed recentl y? Wha

A Modifying the firmware to optionally choose between the
current 3 bands with more collects versus 5 bands with
fewer collects

A GeoTiff format

: ECOSTRESS Science
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Calibration System )

Has the ECOSTRESS calibration
system changed since launch?

: ECOSTRESS Science
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Calibration System
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