NOAA Integrated Calibration and
Validation System (ICVS)
Alerts, Events, and Monitoring

Ninghai Sun, Xin Jin, Jason Choi, Ellen Liang, Wanchun Chen,
Fuzhong Weng

NOAA/NESDIS/STAR




Outline

e Introduction to STAR ICVS
— Objectives
— Services
— IT Infrastructure
— Processing Flowchart

e Major Accomplishments
— New Trending Products
— Improvements of Existing Products
— Useful Near Real Time Anomaly Alert

e Summary & Future Plans
— ICVS improvement and implementation plan
— JPSS Readiness



Benefits of STAR ICVS System

Provide near real time and long term spacecraft and instrument
health status and performance monitoring

Provide near real time and long term SDR/EDR data product quality
monitoring

Provide real time support for sensor calibration activities and
instrument anomaly troubleshooting

Provide quick and preliminary estimate of satellite data impact in
NWP applications

Ensure the integrity of the climate data records from broader satellite
instruments



Instrument Performance Monitoring System

STAR ICVS Structure
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Services

NOAA ICVS provides the following services

Monitors over 400 parameters for 28 instruments onboard NOAA/METOP/SNPP
satellites

Monitors and trends the SNPP spacecraft parameters , supporting NASA flight team

Monitors the instrument performance through trending the instrument house-keeping
and telemetry parameters

Detects the anomaly events and automatically sends the warning messages to NOAA
satellite operators, NASA instrument scientists, and senior program managers

Characterizes the sounder SDR data quality with respect to the numerical weather
prediction model (NWP) simulations

Provides NWP users and remote sensing communities on the instrument noises for
their real-time applications (e.g. error covariance in data assimilation)

Generates high resolution geostationary/polar-orbiting satellite images
4246 all instrument status and data quality trending figures generated in near real time

Supports Suomi NPP life cycle reprocessing by operating SDR processing packages



STAR ICVS IT Infrastructure

Parts
STAR Internal Servers STAR CICS Cluster Servers 12
* STAR integrated calibration/validation system (ICVS) * Computation intensive jobs CPU Cores 376
* Global Space-based Inter-Calibration System (GSICS) * NWP pre-operational testing
+ Daily JPSS SDR calibration/validation activities * Mission lifecycle data reprocess Memory (GB) 5156
HDD (TB) 815
UMD/AOSC Servers
STAR-S1  STAR-S2  STAR-S3 STAR- STAR-55 + Data dissemination
80 Cores 80 Cores 80 Cores 16 Cores 16 Cores » Academia research testing
256 GB 512 GB 512 GB 256 GB 256 GB
135TB 230TB 200TB 127TB 12TB

. o i Z
STAR-CICS1 STAR-UMD1 STAR-UMD2
STAR-S6 STAR-57 STAR- STAR-59 432 Cores 64 Cores 64 Cores
8 Cores 4 Cores 16 Cores 16 Cores 1296 GB 256 GB 256 GB
16 GB 4GB 768 GB 768 GB 136 TB 20TB 20TB

818 2TB 20TB 20TB

qunr alig
Direct Link

GRAVITE CLASS NWP Centers Other Data Center

Real time S-NPP/JPSS data Lifetime S-NPP/JPSS data NWP forecast data Cosmic, MLS, et. al. 6



ita Processing Flowchart
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PSS Data Products

JPSS Program Data Products
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AR ICVS Event Log
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_.1' W\ j Integrated Calibration / Valldatlon Systeh Long-Term Monitoring

Monitoring‘and characterizing satellite instrumen performance!for we.!ther.,cl!rnate and: envuonmental 1pp1|cmons

ICVS Home > ICVS Anomaly History

ICVS Instrument Anomalies

Click column headings to sort; Type in the "Search” box to query table contents.

Show entries
- - Time -

Event <+ Date & wrey ¥
VIIRS DNE Calibration 08/02/16 1:52 17:06
ATMS Table and RAM 08/02/16 16:59 17:02
Dumps
ATMS Once-per-Orbit 07125116 - -
Scan Reversals
Implemented
ATMS TMon 131 and 071181186 -— -
132 Activated
ATMS TMon 131 and 07/15/16 19:21 -
132 Load
J2000 to TOD Update 07114118 -— -
(Table 58)
VIIRS DNB Calibration 07/04/16 0:56 16:10
OMPS High Resolution 07/02116 0:00 -
Data Collection
Discontinued
Star Tracker Lunar 06/17/16 0:00 19:58

Infrusion Test

End (UTC) &

Instrument

(s)

v

ACOV

¥

Retrieved ,,

from:

C/V Leads
Archive

ESPC Ops
Report

Go-CAM
Report, CV
Leads
Archive

C/V Leads
Archive

Go-CAM
Report, C/V
Leads
Archive

NFFP ATR

C/V Leads
Archive

Go-CAM
Report, GV
Leads

¥

CCR 2

Cumulative Zip file of all MX Releases, (ZIP, 1.57 MB, New: 6/30/2016)

Updated: 8/8/2016

R

Notes

L1

During SVL Contact 24691 SNPP engineers placed the ATMs
instrument in safe mode to perform required ATMS table dumps.
While in =safe mode no scince data was generated resulting ina 2
minute, 40 second ATMS outage.

Svalbard Contact 24577, Ground commanded CEM-seguence until
08/04/16, then DAS-commanded at 70N, 75N, 80N, repeat. Expect
14 reversals/day.

On Friday, 15 July 2016, during contact 24437 at 19:21 UTC, OSPO
loaded two new TMons (131 & 132) and one new ACEM sequence
{100) to ATMS to monitor ATMS Main Motor temperature and DTU-
measured ATMS Scan Drive Mechanism temperature. If either
temperature exceeds 60C for 24 seconds or 10 seconds,
respectively, ATMS will automatically be commanded to safe mode.

The measurement activities of the S-NPP/OMPS instruments will
discontinue the High-Resolution Ozone observations that are solely
collected by the NTC/NM instrument on Saturdays.4 The High-
Resolution Ozone observations will be replaced with routine EV data
that are typically collected throughout the week 4

Suomi NPP instrument event log is now available in STAR ICVS website provided by Cole Rossiter




R ICVS Event Log

e iy

: j Integrated Calibration / Valldatlon System Long-Term Monitoring & |

Manltormg and :Fnractcnzmq satellite instrument iperformance!for weather.,cltmate and. enwmnmental 1ppl|canons

ICV'S Home = ICVS Anomaly History

ICVS Instrument Anomalies Cumulative Zip file of all MX Releases, (ZIF, 1.57 MB, New: 6/30/2016)
Click column headings to sort; Type in the "Search” box to query table Updated: 8/8/2016
contents.
show [EIRG entries e | ATMS|
. . Time . . Retrieved . .
Event v Date = wrey End (UTC) = Instrument(s) = from: CCR = Notes -
ATMS Table and RAM 08/02116 16:58 1702 A ESPC Ops — During SVL Contact 24691 SMNPP engineers placed the ATMs
Dumps Report instrument in safe mode to perform required ATMS table

dumps. While in safe mode no scince data was generated
resulting in a 2 minute, 40 second ATMS outage.

ATMS Once-per-Orbit Scan 0712516 - - A Go-CAM — Svalbard Contact 24577, Ground commanded CBEM-sequence
Reversals Implemented Report, CMY until 08/04/16, then DAS-commanded at 7OM, 75N, 80N, repeat.
Leads Expect 14 reversals/day.
Archive
ATMS TMon 131 and 132 o7Hene - -— A CM Leads — —
Activated Archive
ATMS TMon 131 and 132 071516 18:21 - A Go-CAM — On Friday, 15 July 2016, during contact 24437 at 19:21 UTC,
Load Report, CNV 0OSPO loaded two new TMans (131 & 132) and one new ACBM
Leads sequence (100) to ATMS to monitor ATMS Main Motor
Archive temperature and DTU-measured ATMS Scan Drive Mechanism

temperature. If either temperature exceeds 60C for 24 seconds
or 10 seconds, respectively, ATMS will automatically be
commanded to safe mode.

Suomi NPP instrument event log is now available in STAR ICVS website provided by Cole Rossiter 10



Major Performance Indicator

STAR ICVS-LTM system uses the following equation to calculation S-
NPP ATMS channel sensitivity (NEAT)
- o L/2

M -1

Adev, = i i+l ))-C.))
2(|v| ~)N == G, (i)

Where,

M is the number of scans for orbital NEAT calculation

Nis the number of warm countreadings used in calculation
Cis the warm countreadings for each scan

G is the calibration gain of each scan

Tian, Miao, Xiaolei Zou, and Fuzhong Weng. "Use of Allan Deviation for Characterizing Satellite

Microwave Sounder Noise Equivalent Differential Temperature (NEDT)." Geoscience and Remote Sensing
Letters, IEEE12.12 (2015):2477-2480.

Chen, Yong, Fuzhong Weng, and Yong Han. "SI traceable algorithm for characterizing hyperspectral
infrared sounder CrIS noise." Applied optics 54.26 (2015): 7889-7894.
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rformance Indicator

S-NPP ATMS NEAT by Different Calculation Methods

M Specification M Heritage ™ Updated

3.5

2.5

NEAT (K)
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Channels
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rformance Indicator

S-NPP ATMS On-orbit NEAT

m Specification m On-orbit
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2.5

1.9

N I I I I ] I
0 -
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Channels
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ICVS New Products




ICVS New Products

Super typhoon Nepartak from July 5 to 8, 2016 UTC

Himawari-8 AHI TB, 2016-07-05 16:00 UTC, Band B13 (10.4 um)
o | I [ | |

15



S-NPP Anomaly Alert

Suomi NPP ATMS Dwell - Scan Drive Main Motor Current
(MAIN_MOTOR_CUR)
Daily Status on 05/30/2016

Suomi NPP ATMS Scan Drive Main Motor Current

Daily Status on 05/30/2016 o
. 6.00 =S
Ascerldmg - Scan Drive Main Motor Current (15 Orbits) Scan Mean Max/Min 5
g o = =
]
g _ 4.50 =]
E < z
S = 3.00 <
< s <
o] £ o
Z 3 =z
1.50
I N P
0.00 i
23:50 UTC 08:16 UTC 16:43 UTC 01:09 UTC
OB [PODO1E ORANPOIE NR/2ND01E 05/31/2016
Cl From Me <Ninghai, Sun@noaa. goy viean Max/Min
Subject NPPATMS SD Main Motor Current Spikes Detected (2016-07-15)
To Me <Ninghai, Suni@noaa.gov= |
HPP ATNS SD Motor Current Anomaly at Orbit 24412 (2016-97-14), Orbital flean = 89.41 m&, Orbital Max = 155.62 m4
HPP ATNS SD Motor Current Anomaly at Orbit 24413 (2016-87-14), Orbital fean = 87.94 mA, Orbital Max = 155.62 mA
HPP ATNS SD Motor Current Anomaly at Orbit 24414 (2016-07-14), Orbital flean = 87.60 ma, Orbital Max = 155.62 m4
HPP ATNS SD Motor Current Anomaly at Orbit 24415 (2016-07-14), Orbital flean = 87.14 mA, Orbital Max = 133.85 m4
! HPP ATHS SD Motor Current Anomaly at Orbit 24416 (2016-87-14), Orbital Mean = 87.26 mA, Orbital Max = 133.85 mA
90 5 =8 s HPP ATNS SD Motor Current Anomaly at Orbit 24417 (2016-97-14), Orbital flean = 88.08 mA, Orbital Max = 155.62 m4
10w 150W I ppp ATHS SD Motor Current Anomaly at Orbit 24418 (2816-87-14), Orbital Mean = 88.13 m&, Orbital Max = 155.62 mi
HPP ATNS SD Motor Current Anomaly at Orbit 24419 (2016-07-14), Orbital flean = 86.48 mA, Orbital Max = 155.62 m4 D ——
NPP ATHS SD Motor Current Anomaly at Orbit 24420 (2016-87-14), Orbital fean = 88.17 m4, Orbital Max = 155.62 mA 16 06/01/2016
HPP ATHS SD Motor Current Anomaly at Orbit 24421 (2816-87-14), Orbital Mean = 89.61 mA, Orbital Max = 155.62 mA ]
HPP ATHS SD Motor Current Anomaly at Orbit 24422 (2016-07-14), Orbital flean = §7.74 m4, Orbital Max = 155.62 ma viean Max/Min
HPP ATNS SD Motor Current Anomaly at Orbit 24423 (2016-87-14), Orbital fean = 87.37 mA, Orbital Max = 155.62 mA
HPP ATNS SD Motor Current Anomaly at Orbit 24424 (2016-07-14), Orbital flean = 89.69 ma, Orbital Max = 155.62 mA
75N HPP ATNS SD Motor Current Anomaly at Orbit 24425 (2016-97-14), Orbital flean = $9.40 mA, Orbital Max = 155.62 m4
Please Check STAR ICVWS-LTH Trending Figure at http:/ .star.nesdis.noaa.gov/icys/metrics/status/NPP/ATNS/2016/87,/20168714 npp atms analog 22.png .
60 N .
HPP ATNS SD Motor Current Anomaly at Orbit 24426 (2016-87-15), Orbital fean = 88.57 mA, Orbital Max = 155.62 mA
45N HPP ATNS SD Motor Current Anomaly at Orbit 24427 (2016-07-15), Orbital flean = $6.85 mA, Orbital Max = 133.85 mA
HPP ATNS SD Motor Current Anomaly at Orbit 24428 (2016-07-15), Orbital flean = $6.06 mA, Orbital Max = 155.62 m4
0N HPP ATHS SD Motor Current Anomaly at Orbit 24429 (2816-87-15), Orbital Mean = 89.21 mA, Orbital Max = 155.62 mA
HPP ATNS SD Motor Current Anomaly at Orbit 24430 (2016-97-15), Orbital flean = 97.08 m&, Orbital Max = 199.18 m4
HPP ATNS SD Motor Current Anomaly at Orbit 24431 (2016-87-15), Orbital fean = 93.76 mA, Orbital Max = 155.62 mA 15 06/01/2016
Please Check STAR ICWS-LTHM Trending Figure at http:/ .star.nesdis.noaa.gov/icvs/metrics/status/NPP/ATNS/2016/07/20160715 npp atms analog 22.png
Scan Drive Main Motor Current (All Time) Orbital Mean Max/Min
4.50
7
E
<
= 3.00
c i
g . S st
E !
3 | L4
1.50 Ao
S SR P R AT PPRCE) e ’ : E ; M i o
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mA 10/28/2011 09/28/2012 08/30/2013 08/01/2014 07/03/2015 06/01/2016
—— X . C—— Scan UTC Date/Time 16



S-NPP ATMS Status

P
Suomi NPP ATMS Granule Healthy/Status Time Series - QF 9 {u;
_ _ Daily Status on 06/14/2016 _ -
SD_MAIN_LOOP_INT_ERROR (15 Orbits) —-Normal - FlagOn | < . | SD_MAIN_LOOP_INT_ERROR (Al Time) '
O — 1 - 1 ; i
7 G ]
o “ 5 s H
= . i g3l
SD_MAIN_LOOP From Minghai Sun <nsun@rbwl0s7,skarl nesdis,noaa. gowvs L PP
Subject NPP ATMS SDR Quality Flag Warning (2016-07-15)
g SD COMP LOOF To Me <Minghai, Sun@noaa. gow =
@ Suomi HPP ATNMS SDR QF Triggered in Orbit 24412 (2016-07-14) - Affected Scans/Total Scans
(TS SD_MATIN_LOOP_INT_ERROR - 858722402
= SD_MAIN_MOTO
©
3 Suomi HPP ATNS SDR QF Triggered in Orbit 24413 (2016-07-14) - Affected Scans/Total Scans 1
9 SD_MAIN_LOOP_INT_ERROR - 789/2280 .
o SD_COMP_MOT! |
% Suomi HPP ATNS SDR QF Triggered in Orbit 24414 (20816-07-14) - Affected Scans/Total Scans
T sD_MAIN_LOOP INT ERROR - 723/2268
T SD_FEED_FORW
Q
2 Suomi HPP ATHS SDR QF Triggered in Orbit 24415 (2816-@7-14) - Affected Scans/Total Scans
g [ SD_MAIN_LOOP _INT_ERROR - 696/2292
© COMP_MOTOR_
Suomi HPP ATNMS SDR QF Triggered in Orbit 24416 (2016-07-14) - Affected Scans/Total Scans
SD_MATH_LOOP_INT_ERROR - 648/22G8
Spare (15 Orbits)
Suomi HPP ATHNS SDR QF Triggered in Orbit 24417 (2016-07-14) - Affected Scans/Total Scans -
L SD_MAIN_LOOP_INT_ERROR - 75672280 _
00:05 UTC 06/16/2016
06/14/2016

Suomi HPP ATNS SDR QF Triggered in Orbit 24418 (2016-07-14) - Affected Scans/Total Scans
SD_MAIN_LOOP INT _ERROR - 732/2292
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STAR ICVS Home

Instrument Performance

Monitoring

Suomi NPP

& Spacecraft

“ATMS

€Cris

& Crl5 FSR >

€ VIRS

€ OMPS Nadir Mapper
€ OMPS Nadir Profiler
& 0OMP3 Limb Profiler

MetOp-B
© AMSU-A
&« MHS

& AVHRR
& HIRS

NOAA-19
© AMSU-A
& MHS
 AVHRR

© HIRS

MetOp-A
&« AMSU-A
& MHS

& AVHRR
€ HIRS

NOAA-18
€ AMSU-A
& MHS

© AVHRR

¢ HIRS

NOAA-15
« AMSU-A
« AVHRR

GOES

® GOES-13 Sounder
® GOES-13 Imager
® GOES-15 Sounder
® GOES-15 Imager

OMPS Product
Demonstration Site

Data and images displayed
on STAR sites are provided
for experimental use only

and are not official

operational NOAA products.

More information>>

| Browse: NPP CriS-FSR
10 May 2016 - 23:10 ET / 03:10 UTC

Select a parameter:

proved Website

A

on Syste

Collection of Critical Variables

- -

m Lo

[Collection of Critical Variables

v G |SDR Meta: Orbit Maneuver and Version

Dearee

ng-Tefm Monitoring

. . L N T .
ate’and environmental‘applications

VJEN FAbs002016 |

NPP Crl5-FSR - Metric Finder

Show PO entries -« [NEDN

Select a Date:

T

Animate All Products

Collection of Critical Variables - 8-second Normalized NEDN Field of View 1
Collection of Critical Variables - 8-second Normalized NEDN Field of View 2
Collection of Critical Variables - 8-second MNormalized MEDM Field of View 3
Collection of Critical Variables - 8-second Normalized NEDN Field of View 4

Collection of Critical Variables - 8-second Normalized NEDN Field of View 5

Collection of Critical Variables - 8-second Normalized NEDN Field of View 6
Collection of Critical Vaniables - 8-second Mormalized MEDM Field of View 7
Collection of Critical Variables - 8-second MNormalized MEDM Field of Wiew &

Collection of Critical Variables - 8-second Normalized NEDN Field of View 9

SDR - Other Variables - Forward Average MEdN since Midnight
SOR - Other Variables - Forward Maximal NEdN since Midnight
SDOR - Other Variables - Reverse Average MEdM since Midnight
SDR - Other Variables - Reverse Maximal NEdN since Midnight
NOAA/STAR, Calibration - Daily Avg. Normalized NEDN Field of View 1
NOAA/STAR. Calibration - Daily Avg. Normalized NEDN Field of View 2
NOAA/STAR Calibration - Daily Avg. Normalized NEDM Field of View 3
NOAA/STAR Calibration - Daily Avg. Normalized NEDN Field of View 4

NOAA/STAR. Calibration - Daily Avg. Normalized NEDN Field of View 5

NOAA/STAR Calibration - Daily Avg. Normalized NEDN Field of View &

NOAA/STAR. Calibration - Daily Avg. Mormalized NEDM Field of View 7
Showing 1 to 20 of 31 entries (filtered from 261 total entries)

Previous 1 2 Next

20 22

20 22

e
3: Unknown

20 22

thers

Finder
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Summary & Future Plan

e STARICVS is not only just instrument status monitoring system but also
a calibration testing and quality evaluation testbed

 STARICVS keeps providing near real time and long term trending of
NOAA instrument and automatically sending warning messages when
anomaly is detected

e STARICVS will keep supporting NESDIS 24/7 operational missions

 New functions and parameters are being added to ICVS to provide
users better understanding of NOAA satellites/instruments operational
status and support on calibration activities, as well as improving user
experience by updating STAR ICVS website

e STARICVS has supported JPSS-1 pre-launch calibration activities and is
ready for JPSS-1 post-launch instrument monitoring and calibration
activities

19
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