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Spatial Consistency of Point Targets For All

Sensor Systems

Landsat 8 Pan image of SPARC targets

PICS cal targets compared to
L8 Dec. 29, 15 m Pan Image Target Response Profil R AALE :
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SPARC Targets

Landsat 7 Image Of Libya 4 PICS Site
 Natural radiance targets for vicarious calibration vary in their geospatial properties
depending on the sensor FOV and GSD

A% Raytheo

* Point intensity targets for vicarious calibration are consistent for each sensor
 The

! Notice: Data on this page is controlled by restrictions listed on the title page.
n® Intelligence & Space  copyright 2022 Ray theon Company

'y each look like their spatial response function (system point spread function)
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The System Response Function can be Characterized in
Detall b{x Oversamglin with the Same Point Targets

SPARC uses a grid of’spherical reflectors 1o creat IREHOE 0 5 B e o Hifumenm 2008 vl 01

Q

09

an oversampled point spread function (PSF). . | X

Normalized Value
Along Scan (Pixels)
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Along-Scan (Pixels)

G e (Ebat) Cross-Sc:n (Pixels)
. . o _ 2-D PSF based on images taken
| Extracted images have different After centroiding, images are combined to two years apart show similar
IKONOS Image Of point targets pixel phasing reveal oversampled 2-D PSF Profile asymmetric profile
Analysis evaluates the PRF Level O Level 1 (Resampled) Level 1 + MTFC
Syl Ovmmzﬁgdzfé::e:g:gm;nsmylom Gussian Fit To Oversampled 2D PSF - Level 1 Registration And Res: ling I N Al M {
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Image processing chain. ’
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The target energy profile
becomes well known for
each sensor under
calibration
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Atmospheric Effects in TOA Intensity is limited to Transmittance

Target signal embedded in a uniform area is elevated Image of target

above the low spatial frequency background and is
separable

Background and atmosphere becomes a bias and is
subtracted out based on image data alone

a0

o

Signal from
SPARC target
alone.

= B0

Signal from surround
background surface, sky
path radiance, adjacency
effect, stray light, etc.

This, again, can be the same for all sensor point
sources using background subtraction

Surround

However, intensity converted to effective radiance varies with distance via the
3 Inverse square law



SPARC Radiative Transfer Equations Predicting At-sensor

Intensity and Radiance
TOA Intensity (Sensor Independent)

1(2,6,)10n = 3 P(4,0, )7, (2)7; (A)E, (2)R? 1

Watts/( sr micron)/mirror
At-Sensor Radiance/Mirror (sensorand collectiongeometry specific)

R2
Lat—sensor (/1’ Hr) — ,0(/1, gr )T¢ (l)f’r (ﬂ‘) Eo (ﬂ’) 4GSD(X)GSD(y) [2]
p (A,6) = Mirror specular reflectance at Watts/(m?* sr micron)/mirror
the reflectance angle o, E, (A) = Solar spectral constant
T, (A) = Sun to ground transmittance R = Mirror radius of curvature (m)
Tt (A) = Ground to sensor transmittance GSD = Line-of-site ground sample

distance (m), cross-scan and along-scan

Because SPARC targets are intensity sources, the apparent at-sensor radiance
response for absolute calibration depends on sensor line-of-sight
__Ground Sample Distance (GSD)
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Absolute Calibration to Intensity Targets can be Treated
Like Absolute Magnitude in Astronomy

Apparent Magnitude -

Absolute Magnitude in Astronomy represents a sensor’s
radiometric response to the intrinsic luminosity of a star
with the effects of distance removed
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Absolute Magnitude represents the
radiometric response of a sensor Iif all
the stars were at the same distance

It removes the effects of varying
distance in the radiometric
measurements of a set of stars allowing
Intercomparison to be based on their
Intrinsic properties

In the same way, the radiometric
response (DN) of a sensor to a point
target can be corrected to a reference
distance (DN,) for trending and
Intercomparison
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Zero Airmass Response Constant - DN,

With SPARC, the equivalent
calibration requires
determining the “Zero
Airmass Response
Constant” (ZARC) for each
spectral band.

This is the orbiting sensor’s
digital number (DN)
response to a solar
illuminated SPARC reflector
when the atmospheric
transmittance = 1 (or
atmospheric airmass = 0)

AV~ Raytheon
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- Setting T} =1 and Tt=1 when at the reference GDS , the SPARC radiative transfer
GSD, =Sensor’s Reference GSD

equation [2] at the reference GSD becomeg

B R GSD, (IKONOS Pan) = 0.8m
Let-sensor(4)o = P(A)E, (ﬁ)( ZGSDOJ 3] Gsp, (koNOS MsI) = 3.2m

- Assuming a linear, bias subtracted response for the imaging sensor then

DN, = (M) Lat —sensor(Do [4] At Reference GSD, GSD,
DN = g(A) Lyt —sensor(A) [5] At Operational GSD, GSD

- Taking the ratio of [4] and [5], the zero airmass response constant (ZARC) is

derived in terms of the observed integrated SPARC target image response (DN (A))
and the atmospheric transmittance [t;(A1)t;(4)] measured at its operational
collection distance

GSD%DN (1)

PNo) = GsnZr, ym @)

[6]
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Interpretation of a sensor’s ZARC radiometric parameter

GSD%DN(A)
GSDST (D71 (D)

DNo(4) =

In the same way the ZARC value,

DN, (A), represents the intrinsic response
of the sensor to a FLARE vicarious
radiometric reference characterizing the
sensor’s repeatability and collection
reproducibility

A2 Raytheon
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Transformation GSDZDN{ (A) ; Image at
T}[M Position 1

from observed DN

response to

response (

at reference Reierence
: Altitude

altitude

GSDZDN, (1)

Ty ()72, (4)

R
&Y

Reference

Image at | ik Target
Position 2

Concept of t Zero Airmass Response Constant
(ZARC) for tracking temporal response stability
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Zero Airmass Response Constant (ZARC) Applied to IKONOS

Results from 10 images for 5 overpasses over 4 months

|F|d IVilea| Images DN/Mirror: Image po_365282 Glass Mirror SPARC Target
Date DN,-Pan DN,-Blue DN,-Green DN,-Red DN, - NIR !
23-ul 55414 3807 4557 3994  31.30 - ]
23-ul 56267 3423 4851 4139 3333 . "y === e
3-ul 59759 3959 4594 3750  30.76| | L e
31-ul 57368 3626 4891 4076  32.25| BClER. F mirors ] e
2Sep 567.98 3637 4722 3699  30.83 e
2Sep 58293 3562 4534 3916  31.89 - . - cm e www
10-sep 60858  36.42  46.16  37.21  32.02 Soecia Band Sione DN =
10sep 57566 3637 4710 3971 3062 ol B E e e o808
15-Nov 50828 3645 4588 3877 3115 Green 25.2 0.9972
15-Nov 596.02 3760 4651 3987 3240 Background pixels Red 22.8 0.9917
ep ey ; NIR 19.8 0.9965
Reproducibility of Zero Airmass Response Constant (ZARC) Values adjusted to Sun/Earth Distance = 1AU
DN,-Pan DN,-Blue DN,-Green DN,- Red DN,-NIR 9
DN, (1) GSD“DN (4)
Average DN, 972.75 36.70 46.71 39.13 31.66 o) = GSD27,(A)t1(A)
Std Deviation 17.17 0.79 0.52 0.99 041

Std Deviation <% 300 215 111 2 54 1 29I DN,= response at reference GSD (distance)

Results indicate that MSI ZARC can be tracked to better than about 2.5% for SPARC targets at sea level

A2 Raytheon
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Future: Deployment of FLARE for High Altitude, Dark Background
SPARC Calibration at Mauna Loa Observatory
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A2 Raytheon Two-Point FLARE

Tech no|ogie5 Copyright © 2021 Raytheon Company. All rights reserved unless otherwise identified. 10
This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations.




FLARE @ MLO Provides an
Ideal High Altitude Dark
Background Site

FLARE-MLO Radiance
Landsat 9, Top of Atmosphere Radiance
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MLO high elevation significantly improves at-sensor radiance accuracy

Better than 3% reproducibility in predicted
at sensor radiance has been demonstrated
at the Raytheon El Segundo SPARC test
site (sea level) using multiple targets. 3-5%
using a single target.

Reflectance

SPARC radiative transferl
accuracy is dominated

Typical Clear Day Total Transmittance

" by Uncertainty in _ Cimel Aeronet Measurements
atmospheric |
transmittance (all other . = e ——s :
atmospheric contributors £, chnee : '
subtract out)

—e—Mauna Loa (3402 m)

Vertical Transmittance
o
[+5]

s Transmittance accuracy
| knowledge will be
significantly improved
With MLO FLARE ‘ 350 550 750 950 1150 1350 1550 1750
operations e o)

—e—El Segundo (25 m)

FLARE < 2% absolute at-sensor radiance uncertainty should be achievable from MLO
M~ Kaytheon 12
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Tracking DN, — Assessment of Sensor Stability and
Multi-Sensor Interoperablllty

Tracking the ratio of ZARC values for similar bands between
two sensors provides a parameter on a common radiometric
scale for evaluating interoperability performance.

« TRUTHS, a UK-led operational Earth Observation mission, will
initiate a space-based calibration observatory providing a
primary Sl reference.

« TRUTHSwill actas afiducial referenceto cross-calibrate
other sensors by imaging a common ground target.

« ThelLabsphere FLAREVvicarious network provides such
reference targets establishing arobustvicarious
traceability path between these systems and temporal
interoperability knowledge

Cross-comparison of the ZARC sensor band response between satellites does not require simultaneity
of collects when imaging a SPARC/FLARE target to evaluate relative stability and interoperability

A2 Raytheon
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Intersensor Calibration to a Reference Satellite for a
Virtual Constellation

Imaging the FLARE targets as an intermediate cal
reference, each satellite in the constellation and the
metrology reference satellite are calibrated using
the SPARC method to derive their spectral ZARC
values, DN,(A), at their individual reference
altitudes.

The only need is to scale the DN values by the ratio
of the GSDs (effectively applies the inverse square
law)
§eat2 DNy sarz (A) DN, sarp. 7 (A)
GSD carar GSD R\
The method quantifies a DN response for each 0532 "l
satellite to a common reference for intersensor
calibration
It is accomplished as if all sensors were viewing the
reference side by side without atmospheric effects

* FLARE
Reference
Target

Transforming he ZARC respons (DN,) for a
virtual constellation to the reference Altitude of
AV~ Raytheon the Reference Sensor (i.e. TRUTHS)
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Summary

Vicarious Specular Array Calibration (SPARC) targets
provide a way for a sensor in-flightto record the direct solar
irradiance as an absolute intensity reference imbedded
within an operational earth scene collect (Inserting solar
stars in an operational scene collection)

The SPARC targets have a nearly constant BRDF without
off-nadir foreshortening simplifying response characterization

The sensor under calibration responds in the same way as a
solar radiometer where the only atmospheric parameter that
needs to be characterized is transmittance

Thus the satellite can be calibrated to determine a spectral
zero airmass response constant (ZARC) that can be used to
establish and track the absolute radiometric response of and
between sensor systems on the same radiometric scale

The implementation of the SPARC method in Labsphere’s
FLARE network makes this capability readily available to
evaluate repeatability and reproducibility within a virtual
constellation important to creating interoperable data sets

A2 Raytheon
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The ZARC value represents the sensors intrinsic
digital number (DN) response to the stable and
repeatable at-sensor radiance from a SPARC
target. ZARC can be tracked for temporal trending,
monitoring radiometric stability similar precision as
an on-board lamp, solar diffuser or the moon

The ZARC value
provides a new
parameter for
sensor response
trending with Sl
traceability

Response Trending
Landsat 8

OLI CA Band 1 Trends: Band Average

Response Relative to Mission Day 40

Time Since Launch [years)

@ st lamp (working) @ stm bamp (tackun) @ stim lamp (peistine)
¥ solar panel (working) ®solar pane! [pratne) 9 hunar
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Backup Charts

A2 Raytheon
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SPARC Targets Isolate the Direct Solar Signal

The SPARC reflectors act as a spectrally flat neutral density filter allowing the sensor to look directly at
the sun through the same atmosphere as the rest of the scene.

SPARC Target At-Sensor Radiance Spectrum
Maginitude Quantized by the Number of Mirrors
Two o
sequential g M i
IKONOS G s o
. 20M
Imag es E 0.6 MVR“MI“IWWM[,’ M.{H\ W :3DM
recorded on 2 D A AT =
LR (VI ell o
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Total at-sensor radiance of each target
IS quantized by the number of mirrors.

When the sensor moves outside the mirror’s field-of-regard, the images show how the direct solar
component “turns off’ demonstrating its independence from the background and atmospheric
radiance pattern.



Radiometric performance at off-nadir angles using MLO FLARE Raytheon

1. FLARE at MLO enablesa design approach to

ensurethat calibration stability is maintained

during any off-nadir imaging

+ .The FLARE calibration target can be imaged at
multiple view geometries (nadir or off-nadir
pointing) without any significant change in BRDF

* FLARE pointtarget radiometric performance
maintains a constant off-nadir radiometric
reference atany view geometry (point target - no
target shape or cosine effectwith view angle)

e Can validate the off-nadirradiometric response
247 of the sensorat all potential look angles and
provide correction coefficients if needed.

2. Off-nadir geometric calibration and terrain
occultation mask validation

* The vast geological relief of the island and

ShepherdiSeamount accurate point location of FLARE target provide
Western cross-scan view the means to validate computations of ground
of Landsat collection grid Iocat_lons where the line-of-sight is obstructed by

(61/47 (61/46 terrain.
AR e : * Validates geometric calibration occultation mask
2020 Googi and image resampling logic

Data SIO, NOAA, U.S. Navy, NGA; GEBCO
Data' LDEQO-Columbia, NSF, NOAA
Image Landsat / Copemicus




