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Outline

Improved radiance calibration algorithm in ARTS
« Reflector emission correction
« lunar intrusion correction
« APC correction
on-orbit calibration performance
 Geolocation accuracy evaluation
- TDR/SDR calibration accuracy evaluation
Introduction of the software package
* Instrument oriented design for future expansion
- Modulated calibration/geolocation function
 Public access



Improved Radiance Calibration Algorithm

H. Yang et al., "ATMS Radiance Data Products’ Calibration and Evaluation," in IEEE Transactions on Geoscience and Remote Sensing,

vol. 60, pp. 1-11, 2022, Art no. 5302211, doi: 10.1109/TGRS.2021.3123576.

The ATMS radiometric calibration for antenna brightness temperature is derived as

R=R+(R-R)= C g +Q
C -C,
Q 1s the calibration non-linearity term
a-uR-Ry GGG _4q (xx)
(C,-C)

Major Improvements:

* Replaced the R-J approximation with full radiance based calibration in linear calibration
and nonlinearity correction

* Applied antenna reflector emission correction for both calibration targets and the Earth
scene

* Implemented the revised lunar intrusion correction scheme and correction model



Refl. Emissivity

Reflector Emission Correction

Yang, H., Weng, F. and Anderson, K., 2016. Estimation of ATMS antenna emission from cold space observations. IEEE
Transactions on Geoscience and Remote Sensing, 54(8), pp.4479-4487.

The antenna reflector emission correction are applied to both the calibration
targets and the scene
The reflector emission corrected antenna
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Lunar Intrusion Mitigation Test

Hu Yang and Futhong Weng, 2016, “On-Orbit ATMS Lunar Contamination Corrections”, IEEE Transactions on Geoscience and
Remote Sensing, Vol. 54 Issue: 4, page(s) 1-7
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Improved Antenna Pattern Correction (SDR correction) Algorithm

H. Yang et al., "ATMS Radiance Data Products’ Calibration and Evaluation,” in IEEE Transactions on Geoscience and Remote
Sensing, vol. 60, pp. 1-11, 2022, Art no. 5302211, doi: 10.1109/TGRS.2021.3123576.
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Major Updates

* Use hyper-antenna pattern to generate the APC coefficients
* Revised algorithm to account for FOV inhomogeneity

* Side lobe spill-over correction based on post-launch special scan
7
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SNO Calibration Accuracy Evaluation

® The simultaneous nadir overpass (SNO) method was explored to investigate the calibration difference between S-NPP/

. NOAA-20 ATMS and AMSU/MHS onboard Metop-A, B, and C and NOAA-19
For sounding channels 5 to 15, the calibration are more consistent between ATMS and AMSU/MHS, the differences are around
+0.5 K

® For window channel and 183 GHz channels, larger calibration differences are observed between ATMS and AMSU/MHS, and
among AMSU/MHS onboard different satellites
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Geolocation Comparison Results between ARTS and IDPS

IDPS Chan 16 ARTS Chan 16
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Geolocation Accuracy Evaluation Results
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Summary of Evaluation Results for the Released Version

e One day NOAA-20 ATMS RDR dataset on 08/10/2019 was used as test data and being
processed in ARTS. SDRs were generated and compared with operational products from
IDPS on the same day.

e Comparison results show that mean Tb difference between ARTS and IDPS is less than
0.2 K with a maximum Std less than 0.2K

e The Major difference may caused by different processing scheme in ARTS and IDPS. For
ARTS, the RDR dataset is processed on hourly base(1354 scan lines), and in IDPS it is
processed for every 36 scan lines (3 granules ). Which will raise slightly difference in the
calibration gain



Main Feature of ARTS

e Module based design can be easily expanded to different instrument

e A PCT table is build for each individual instrument, make it flexible for
maintenance and algorithm upgrade

e Up-to-date algorithm and consistent with ADL/IDPS
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- for Radiance Calibration Module
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Module based design
make different sensor
casy to be fitted in the
system

«Brightness temperature
is computed from full
Planck function in
radiance space

«System developed based
on state-of-arts calibration
algorithm.

sError budget in
calibration are traceable
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Flowchart of ARTS Geolocation Module
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HE ARTS TARBALL DIRECTORY STRUCTURE LOOKS LIKE:
./

| -make.macros compiling variables

|- make rules compiling environment variables

|- Executable file

|- Diary files
|- Script files
|-

off-1line ancilary files for calibration
off-1line ancilary files for geolocation
spectral response function files
Control files

Input files

Figures

Grid files

TDR files(need to be reset by user)

SDR files(need to be reset by user)

calibration related function/subroutines
geolocation related function/subroutines
mathematical function/subroutines

digital signal processing function/subroutines
miscellinous functions

constants

input/output functions/subroutines

main code file




ETUP

Compile make.macros file, set up compiling environment according to
user's need.
TO DO ( more details are needed here )

Compile conf/conf.in to specify paths.

Go to script directory, open atmsdpps_daily.bash, set dir_root according to user's need

in the same directory, open atmsdpps_conf.bash, set dir_root, datadir, rdrl_path accordi
ng to user's need

If it is the first run, set stepl, step2, step3 to 1. if it is repeat run for the same d
ata, set stepl=0, step2=1,step3=1

2) BUILD

cd src
make
3 executable files will be generated under bin/

atmsdpps

rdr_decode
tdr_encode

RUN

Go to scripts directory,

Open rundpps.bash and edit

the script atmsdpps_daily.bash then can be run as:
./atmsdpps.bash satid sensorid yyyy-mm-dd start-time end-time




Public Released Version in GitHub Repository Server

Access link: https://github.com/noaa-jpss-atms/ARTS

Send access request to POC below:
guanhua.liu@noaa.gov
ninghai.sun@noaa.gov
huyang@umd.edu
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Conclusions and Future Work

e ARTS is flexible and can be expanded for on-orbit absolute

calibration of microwave instrument from different satellite
platform, including the SmallSAT and CubeSAT

® ARTS is written in C# and Fortran, and easy to be migrated to
different platform

e Two line elements data based geolocation algorithm will be
implemented in geolocation module as a mitigation measure when
GPS data is missing

e Interface of ARTS system will be re-written in python to include the
parallel computation function, which is expected to significantly
reduce the processing time



