BRIDGING ICESAT AND ICESAT-2 WITH STANDARD DATA PRODUCTS
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ICE, CLOUD, AND LAND ELEVATION SATELLITE

ABSTRACT: The ICESat-2 SIPS (Science Investigator-led Processing System) software development team is preparing to design and implement ICESat-2 standard data products. The team has initiated two distinct but related
efforts to identify and prototype standards and conventions that are applicable to the ICESat-2 standard data products. The first effort consists of converting current ICESat GLAS binary data products into HDF5. This is a 7-
month task restricted to adopting and implementing an initial snapshot of standards and conventions. The second effort is a longer-term activity using a prototype SIPS to design and create scientific data products for MABEL,

an aircraft-based ICESat-2-like photon-counting instrument.

The MABEL effort will extend past the end of the GLAS conversion effort and will prototype standards and conventions deemed too ambitious for the GLAS

conversion. Both prototype efforts feed directly into the ICESat-2 standard data product design process. The overall goal is to design and create standard data products that will be standards-compliant, enable interoperability
between ICESat and ICESat-2 data, and promote data interoperability with other present and future Earth Science missions.

GLAS Data Characteristics

« Sparse Multi-rate Point Data

» Variable-length Waveforms (544 or 200 gates)
* Atmospheric Profiles
* Lots of Parameters!

GLAS HDF Target Characteristics

* HDF5 (hdflib 1.8

8)

» Simple, self-describing datasets

« CF Conventions

» Rate & Logical Grouping + Dimension Scales
« ECHO+ (Collection+Inventory+Local) Metadata

 Collection-Level

 Granule-Level U
e NetCDF “Friendl

DOI
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Flavors of Metadata:
What's YOUR Favorite?

For the TEST product, we did all 3!

Global Serialized Attributes
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Clear Text

%) ]GLAH06_864_2 109_001_1326_3_01_0002.h5
o- 4 Data_lHZ

o~ 4 Data_40HZ

o~ €A METADATA

@00

Must be simple: easily parsed, but human-readable

Grouped Parameters

HDFView

GLAHO06_864_2109_001_1326_3_01_0002.h5 (0)
Group size = 3

File Window Tools Help

=4 A

Number of attributes = 456
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.AdditionalAttributeDatatype_1 =
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.AdditionalAttributeDescription_1

ent of data for this granule that had a detected ground return of the transmitted laser pulse.
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.AdditionalAttributeName_1 = Per
oundHit
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.PhysicalParameterDetails_1.Paran
easurementResolution = 1
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.PhysicalParameterDetails_1.Paran
angeBegin = 0.0
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.PhysicalParameterDetails_1.Paran
angeEnd = 100.0
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.PhysicalParameterDetails_1.Paran
itsofMeasurement = Percent
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_1.PhysicalParameterDetails_1.Paran
lueAccuracy = 1
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_10.AdditionalAttributeDatatype_10
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_10.AdditionalAttributeDescription_1
teger number within GLAS coverage scheme in which granule data ends.
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_10.AdditionalAttributeName_10 = §
| GLAS_EndBlock
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_10.PhysicalParameterDetails_10.Pa
rRangeBegin = 1
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_10.PhysicalParameterDetails_10.Pa
rRangeEnd = 360
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_11.AdditionalAttributeDatatype_11
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_11.AdditionalAttributeDescription_1,
he number of times that we have returned to a specific reference orbit.
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_11.AdditionalAttributeName_11 = |
e
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_11.PhysicalParameterDetails_11.Pa
rRangeBegin = 1
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_11.PhysicalParameterDetails_11.Pa
rRangeEnd = 99
COLLECTIONMETADATA.AdditionalAttributes.AdditionalAttributesContainer_11.PhysicalParameterDetails_11.Pa
rUnitsofMeasurement = counts

(%) GLAHO6_864_2109_001_1326_3_01_0002.h5
o- G4 Data_l1HZ
o~ ) Data_40HZ
¢ @ METADATA
¢ @) COLLECTIONMETADATA
¢ @ AdditionalAttributes
[ iAdditionaIAttributesContainer_l
[£] AdditionalAttributeDatatype_1
@ AdditionalAttributeDescription_1
(] AdditionalAttributeName_1
o~ A PhysicalParameterDetails_1
o ) AdditionalAttributesContainer_10
o~ ) AdditionalAttributesContainer_11
o~ A AdditionalAttributesContainer_12
o ) AdditionalAttributesContainer_13
o~ ) AdditionalAttributesContainer_14
o~ A AdditionalAttributesContainer_15
o ) AdditionalAttributesContainer_16
o~ ) AdditionalAttributesContainer_17
o~ ) AdditionalAttributesContainer_18
o ) AdditionalAttributesContainer_19
o~ ) AdditionalAttributesContainer_2
o~ ) AdditionalAttributesContainer_20
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Percent of data for this granule
detected ground return of the t
laser pulse.
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o~ €4 AdditionalAttributesContainer_15
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IAdditionalAttributeName_1 (3360234)
String, length = 17, 1
Number of attributes = 0

o= Q AdditionalAttributesContainer_20
o~ €4 AdditionalAttributesContainer_21
o Q AdditionalAttributesContainer_22
o~ €4 AdditionalAttributesContainer_3
o €A AdditionalAttributesContainer_4
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IAdditionalAttributesContainer_1 (3359011)
Group size = 4

We wrote code to parse ESDT MCEF files then merged Collection-
level metadata, GLAS metadata and local metadata.

Number of attributes = 4
AdditionalAttributeDatatype_1 = float
AdditionalAttributeDescription_1 = Percent of data for this granule that had a detected ground return of the tran:
laser pulse.
AdditionalAttributeName_1 = PercentGroundHit
Description = Metadata information from the ESDT description.

@ Metadata
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with CF Attributes
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pro plot_elev

Open the file

d_elev (110876)
64-bit floating-point, 38400
Number of attributes = 11
DIMENSION_LIST = 107844
_Fillvalue = 1.7976931348623157E308
coordinates = /Data_40HZ/Time/d_UTCTime

lity from saturation effects. Also no correction for pulse spreading from forward scatter has been applied.
hertz = 40
long_name = Surface Elevation
source = Rel 33 GLAS Binary Data
standard_name = height_above_reference_ellipsoid
units = meters
valid_max = 10000.0
valid_min = -500.0

Simple IDL code created the plot.

description = Surface elevation with respect to the ellipsoid at the spot location determined by the ice-sheet specific ran
ge after instrument corrections, atmospheric delays and tides have been applied. The saturation elevation correction (i_satEle
wvCorr) has not been applied and needs to be added to this elevation. This can be over a one meter correction. If it is invalid t
hen the elevation should not be used. The saturation correction flag (i_satCorrFlg) is an important flag to understand the possi
ble quality of the elevation data. The saturation index (i_satNdx) can be used for more understanding of concerns on data qua

f id=H5F_OPEN("GLAHO06_864 2109 _001_1326_3 01_0002.h5")

: Read Time

time_id=H5D_OPEN(f_id, "/Data_40HZ/Time/d_UTCTime")
time=H5D_READ(time_id)
H5D_CLOSE, time_id

: Read Elevation values and the fill value attribute

elev_id=H5D_OPEN(f _id, "/Data_40HZ/Elevation_Surfaces/d_elev")
elev=H5D_READ(elev_id)

at_id=H5A OPEN_NAME(elev_id, "_FillValue")

bad_val=H5A READ(at_id)

H5A_CLOSE, at_id

H5D_CLOSE, elev_id

; Plot the good data
good=where(elev ne bad_val[0])
a=plot(time[good]-time[0], elev[good])
H5F_CLOSE, f_id

end

Provenance:

DOls, UUIDS, and

Conventions = CF-1.6
DOI = 10.5067 /ICESat/GLAS/GLAH06
HDFVersion = HDFS 1 8 8

UUID = 15955791-7A98-4B39-B34C-9C31D4816E2F

comment = Please direct comments to David.W.Hancock@nasa.gov
featureType = point

history = Described in Metadata group

institution = NASA Goddard Space Flight Center

references = http://icesat.gsfc.nasa.gov/icesat/icesat_data.php
source = Satellite Observations

title = GLAHO6 HDF5 Data Granule

Metadata [

Log Info

PROVENANCE.PrevGranulelD = GLAO6_864_2109 001_1326_3_01_0001.DAT

PROVENANCE.PrevinputPointer = GLAOS_863_2109_001_1326_2_01_0001.DAT, GLAOS_863_2109_001_1326_3_
01_0001.DAT, GLA0O9_863_2109 001_1317_0_01_0001.DAT, GLA11 _863_2109 001_1317_0_01_0001.DAT, ANCO1_
006_20041007_000000_01_0000.DAT, ANC0O1_006_20041007_060000_01_0000.DAT, ANC0O1_006_20041007_000
000_01_0002.DAT, ANCO1_006_20041007_060000_01_0002.DAT, ANCO1_006_20041007_000000_01_0003.DAT,
ANCO01_006_20041007_060000_01_0003.DAT, ANCO1_006_20041007_000000_01_0004.DAT, ANCO1_006_200410
07_060000_01_0004.DAT, ANCO1_006_20041007_000000_01_0001.DAT, ANC0O1_006_20041007_060000_01_0001
.DAT, ANC01_006_20041007_000000_01_0005.DAT, ANC0O1_006_20041007_060000_01_0005.DAT, ANC0O1_006_2
0041007_000000_01_0006.DAT, ANCO1_006_20041007_060000_01_0006.DAT, ANC0O1_006_20041007_000000_0
1 0007.DAT, ANCO1_006_20041007_060000_01_0007.DAT, ANCO1_006_20041007_000000_01_0008.DAT, ANCO1
_006_20041007_060000_01_0008.DAT, ANCO1_006_20041007_000000_01_0009.DAT, ANCO1_006_20041007_06
0000_01_0009.DAT, ANC0O1_006_20041007_000000_01_0010.DAT, ANC0O1_006_20041007_060000_01_0010.DAT,
ANCO4_863_20041006_235947_01_0001.DAT, anc0O7_863_01_0000.dat, anc07_863_01_0001.dat, anc07_863_01_0
002.dat, anc0O7_863_01_0003.dat, anc07_863_01_0004.dat, anc07_863_01_0005.dat, anc07_863_01_0006.dat, ANC
08_863_20041006_235947_01_0001.DAT, ANC09_863_20041006_235947_02_0001.DAT, ancl2_004_01_0000.dat,
ancl2_004_01_0001.dat, ancl13_006_01_0000.dat, ancl16_001_01_0000.dat, ancl7_001_01_0000.dat, anc25_005_2
0090101_000000_01_0000.dat, anc27_001_01_0000.dat, anc27_001_01_0001.dat, ANC33_001_20100406_000000
_01_0000.DAT, anc41_009_01_0000.dat, anc45_863_01_0001.dat, anc45_863_01_0002.dat, anc45_863_01_0003.da
t, anc45_863_01_0004.dat, anc45_863_01_0005.dat, anc45_863_01_0006.dat, anc45_863_01_0007.dat, anc45_863_
01_0008.dat, anc45_863_01_0009.dat, anc45_863_01_0010.dat, anc45_863_01_0011.dat, anc45_863_01_0012.dat,
anc45_863_01_0013.dat, anc45_863_01_0014.dat, anc45_863_01_0015.dat, anc51_003_01_4339.dat, anc51_003_0
1 4340.dat, anc51_003_01_4341.dat, anc51_003_01_4342.dat, anc51_003_01_4343.dat, anc51_003_01_4344.dat, a
ncS1_003_01_4345.dat, anc51_003_01_4346.dat, anc51_003_01_4347.dat, anc51_003_01_4348.dat, anc51_003_01
_4349.dat, anc51_003_01_4350.dat, anc51_003_01_4351.dat, anc51_003_01_4352.dat, anc51_003_01_4353.dat, an
c52_007_01_0001.dat, anc52_007_01_0002.dat, anc54_001_01_0001.dat, anc54_001_01_0002.dat, anc54_001_01_
0003.dat, anc54_001_01_0004.dat, anc55_001_01_0000.dat, ANC56_001_20090707_000000_01_0000.DAT, ANCS7
_001_20101119 000000_01_0000.DAT, anc58_001_01_4339.dat, anc58_001_01_4340.dat, anc58_001_01_4341.dat
,anc58_001_01_4342.dat, anc58_001_01_4343.dat, anc58_001_01_4344.dat, anc58_001_01_4345.dat, anc58_001_
01 _4346.dat, anc58_001_01_4347.dat, anc58_001_01_4348.dat, anc58_001_01_4349.dat, anc58_001_01_4350.dat,
anc58 001 _01 _4351.dat, anc58_001_01_4352.dat, anc58_001_01_4353.dat

PROVENANCE.PrevPGEVersion = ACC

PROVENANCE.PrevProductionDateTime = 2011-05-16T13:39:34

PROVENANCE.PrevVersionlD = 864

Prior Processing

This effort is part of an ESDIS
pilot program to assign DOls to
NASA datasets. Final DOI
placement within the granule is
TBD.

UUIDs are “low hanging fruit.”
Final placement within the
granule is TBD.

Since the GLAS->GLAH process
IS simply a transformation, we
want to preserve the metadata
for the process that created the

original GLAS file.

Top-Level Rate Groups and

Logical By-Discipline Subgrouping
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¢ @) Data_1HZ
o € Atmosphere
o- ) Campaign

o- 4 Quality
o~ € Reflectivity
¢ @ Time

§E PulselD

[%) GLAH06_864_2109_001_1326_3_01_0002.h5

o A Elevation_Flags

5 d_deltagpstmcor

d_UTCTime (4898)

hertz = 1

units = seconds

64-bit floating-point,
Number of attributes = 10
CLASS = DIMENSION_SCALE
NAME = d_UTCTime
REFERENCE_LIST = {3320, 0}, {4064, 0}, {5836, 0}, {6928, 0}, {7968, 0}, {8967, 0}, {9974, 0}, {11021, 0}, {13
269, 0}, {14173, 0}, {15221, 0}, {16261, O}, {17189, 0}, {18166, O}, {19223, 0}, {20280, 0}, {21337, 0}, {22394, 0}
, {23451, 0}, {24508, 0}, {26632, 0}, {27536, 0}, {28440, 0}, {29376, 0}, {30312, 0}, {31248, 0}, {32176, 0}, {330
88, 0}, {34000, 0}, {34912, 0}, {35824, 0}, {36736, 0}, {37656, 0}, {38576, 0}, {39496, 0}, {40392, 0}, {41320, 0},
{42208, 0}, {43096, 0}, {43984, 0}, {44872, 0}, {45760, 0}, {46664, 0}, {47592, 0}, {48512, 0}, {50464, 0}, {5139
2, 0},{52264, 0}, {53152, 0}, {54064, 0}, {54968, 0}, {S5888, 0}, {56936, 0}, {S7984, 0}, {59440, 0}, {60416, 0},
{61376, 0}, {63296, 0}, {64240, 0}, {64768, 0}, {65264, 0}, {65760, 0}, {66680, O}, {67770, 0}, {68777, 0}, {69813
, 0},{70661, 0}, {71693, 0}, {72928, 0}, {74383, 0}, {75343, 0},{76287, 0},{77223, 0}, {78175, 0}, {79256, 0}, {
80337, 0}, {81434, 0}, {82523, 0}, {84749, 0}, {85749, 0}, {86757, 0}, {87733, 0}, {88789, 0}, {89973, 0}, {90813,
0}, {91653, 0}, {93119, 0}, {94169, 0}, {96073, 0}, {97193, 0}, {98209, 0}, {99201, 0}
coordinates = /Data_l1HZ/Time/d_UTCTime
description = The transmit time of the first shot in the 1 second frame measured as 'UTC seconds' elapsed since Jan 1
2000 12:00:00 UTC. This time has been derived from the GPS time accounting for leap seconds.

960

long_name = Transmit Time of First Shot in frame in J2000
source = Rel 33 GLAS Binary Data
standard_name = time

Log Info | Metadata

A second level of grouping arranges

parameters logically by discipline.

/METADATA/INVENTORYMETADATA

All data of the same rate are contained
within a top level “rate” group which provides
a 1-to-1 corresponding time-based
dimension scale.
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[3] GLAHO6_864_2109_001_1326_3_01_0002.h5
? @pata_1rz]
o- €A Atmosphere
o~ €4 Campaign
o~ ) Elevation_Flags
o €4 Quality
o~ 4 Reflectivity
o€ Time
o~ €A Transmit_Energy
¢ @ Data_40HZ
o~ €A Atmosphere
o ) Elevation_Angles
o~ € Elevation_Corrections
o €A Elevation_Flags
o~ ) Elevation_Offsets
o~ €4 Elevation_Surfaces
o A Geophysical
o~ A Quality
o A Reflectivity
oA Time
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o- €4 Waveform
o- A METADATA

Data_1HZ (766)
Group size = 7
Number of attributes = 1
Description = This group contain data with a rate of 1HZ. 1Hz data may be indexed to the 40HZ data using the i_rec_n
dx parameter in each respective time group.

Log Info

Metadata

Data Dictionary

| Attribute

I

Example Value

Additional_Attribute

SP_ICE_PATH_NO, SP_ICE_GLAS_StartBlock, SP_ICE_GLAS_EndBlock,
ReferenceOrbit, Track, Track_Segment, Cycle, Instance, Range_Bias,
Range_Bias_Date, Range_Bias_Time, Timing_Bias, Timing_Bias_Date,
Timing_Bias_Time, PercentGroundHit, OrbitQuality

]Cyclc Hl \
|Instance o ]
]Instrumcnt_Statc H373340 \
[Instrument_State_Date  |[2004-10-07 |
[Instrument_State_Time  |[04:03:01 \ " "
TT— | HTML-based data dictionary
PercentGroundHit ‘ 0 ‘ . .
Range_Bias \0 \
TSN — | created entirely by parsing the
]Rangc_Bias_Timc HOO:OO:OO \ 1 u
[ReferenceOrbit I | HDF file.
[SP_ICE_GLAS_EndBlock [NOT SET |
[SP_ICE_GLAS_StartBlock[NOT SET |
|SP_ICE_PATH_NO 4348 \
[Timing_Bias o |
|Timing_Bias_Date [2004-10-03 [
[Timing_Bias_Time 00:00:00 |
[Track 1326 ]
]Track_chmcnt H3 \
[gASP_tl [150400800.0000000 |
Group: Data_1HZ/Time
This group contains the 1HZ index and time-related parameters
Label Datatype |Rank|| long name |standard_name| units |hertz description source coordinates
Rel 33
. GLAS Record Unique index that relates this record to the GLAS : .
i_rec_ndx INTEGER |1 Index NOT_SET NOT_SET||1 corresponding record(s) in each GLAS data product. |[Binary /Data_IHZ/Time/d_UTCTime
Data
Rel 33
PulseID INTEGER |1 GLAS Pulse NOT_SET NOT _SET|1 Unique index identifies each GLAS pulse. Formula is GLAS /Data_1HZ/Time/d_UTCTime
Index TBS by SIS Binary
Data
Transmit Time The transmit time of the first shot in the 1 second Rel 33
. of First Shot || . frame measured as "UTC seconds' elapsed since Jan 1 ||GLAS . .
d_UTCTime DOUBLE 1 i) fomein  [U7€ seconds |1 15600 12:00:00 UTC. This time has been derived from |Binary |2 2@-1HZ/Time/d_UTCTime
J2000 the GPS time accounting for leap seconds. Data
One wa One way transit time calculated using the preliminary gi} [ig
d_transtime DOUBLE 1 transit tich NOT_SET seconds 1 range offset. This is added to the UTC time tag to get Bin /Data_1HZ/Time/d_UTCTime
the ground bounce times at which to calculate the orbit Datzry
Delin GES The high frequency delta GPS time correction g(l:.lABg
d_deltagpstmcor| DOUBLE |[1 time NOT_SET seconds 1 . . . . . : /Data_1HZ/Time/d_UTCTime
correction calculated during the precision orbit processing step. ||Binary
Data




ICESat/ICESat-2 SSDT Goals

Design products and write software for
|ICESat-2.

Create interoperable data products for the
ICESat-2 demonstrator instrument (MABEL).

Transform GLAS data products into something
more interoperable and future-proof.

ICESat (GLAS) Rewind

Geoscience Laser Altimeter System (GLAS)
— Traditional Laser Altimeter
— 40 shots/sec
15 Data Product Types (GLAXxx)
— L1-L2A
— Fixed-record-length integer-binary
Sparse Multi-rate Point Data
— 40/sec, 1/sec, 1/4sec, 1/8sec, 1/16sec
— Lat, Lon, Elev
33 Releases
— Final completed this year
7 years of campaign-mode data collection
Returned to Earth August 30, 2010

http://icesat.gsfc.nasa.gov/icesat/

MABEL Review

Multiple Altimeter Beam Experimental Lidar (MABEL).
Demonstrator instrument for ATLAS.
Photon-counting LIDAR.
16 Beams/Tracks for 532nm N
8 Beams/Tracks for 1064nm.

Flies aboard ER-2 — Flying from Iceland NOW

Average Size of 30 sec Granules
— L1A =503 MB
— L1B=272 MB
— L2A =234 MB

http://icesat.gsfc.nasa.gov/icesat2/data/mabel/mabel_docs.php

ICESat-2 (ATLAS) Preview

Advanced Topographic Laser Altimeter System (ATLAS)
— Photon Counting Lidar

— 6 Beams/Tracks @m?
— 10,000 shot/sec; may average y

3 su rface p h Oto N S/S hOt/bea m ICE, CLOUD, AND LAND ELEVATION SATELLITE-2

21 Suggested Product Types

— L1A-L4

— 13 Sparse Multi-Rate Point

— 8 Gridded ] !

Big Datal ° e e s

— LO : 80GB/Day o e s

— Total Granules : 860GB / Day .Q“O.'Q | mmm—
Launch 2016

http://icesat.gsfc.nasa.gov/icesat2/




Bridging ICESat and ICESat-2 with
Standard Data Products

ICE, CLOUD, AND LAND ELEVATION SATELLITE-2

SGT/Jeffrey Lee
Code 615, NASA GSFC/WFF
HDF & HDF-EOS Workshop XV, April 17-19 2012
jeffrey.e.lee@nasa.gov

Contributors

 |CESat GLAS and ICESat-2 ATLAS Science Software
Development Teams (GSAS SDT and ASAS SDT)

— SGT/Jeffrey Lee, SGT/John Dimarzio, SGT/Peggy
Jester, SGT/Suneel Bhardwaj, SSAl/Kristine Barbieri,
SGT/LeeAnne Roberts, Sigma/David W Hancock

* ESDIS

— 423/Jeanne Behnke, 432/)eff Walter, 423/
Hampapuram Ramapriyan

e Earth Science Data Systems Working Groups
— Standards Process Group
— Technical Infusion Working Group

* NSIDC (ICESat Data Center)
* SMAP Product Development Team

ICESat (GLAS) Rewind

Geoscience Laser Altimeter System (GLAS)
— Traditional Laser Altimeter
— 40 shots/sec
15 Data Product Types (GLAxx)
— L1-L2A
— Fixed-record-length integer-binary
Sparse Multi-rate Point Data
— 40/sec, 1/sec, 1/4sec, 1/8sec, 1/16sec
— Lat, Lon, Elev
33 Releases
— Final completed this year
7 years of campaign-mode data collection
Returned to Earth August 30, 2010

http://icesat.gsfc.nasa.gov/icesat/

ICESat-2 (ATLAS) Preview

* Advanced Topographic Laser Altimeter System (ATLAS)
— Photon Counting Lidar
— 6 Beams/Tracks @%}
ICE, CLOUD, AND LAND ELEVATION Sm

— 10,000 shot/sec; may average
3 surface photons/shot/beam

21 Suggested Product Types @ owwoe | romm
— L1A-L4
— 13 Sparse Multi-Rate Point
— 8 Gridded | !

e Big Data! ° o c ooacasses

— L0 : 80GB/Day e ioste i
— Total Granules : 860GB / Day ™ rines e sscig: U ——
e Launch 2016 )

http://icesat.gsfc.nasa.gov/icesat2/

MABEL Review

* Multiple Altimeter Beam Experimental Lidar (MABEL).
 Demonstrator instrument for ATLAS.

* Photon-counting LIDAR.

16 Beams/Tracks for 532nm

e 8 Beams/Tracks for 1064nm.

* Flies aboard ER-2 — Flying from Iceland NOW

* Average Size of 30 sec Granules
— L1A =503 MB
— L1B =272 MB
— L2A =234 MB

http://icesat.gsfc.nasa.gov/icesat2/data/mabel/mabel_docs.php

ICESat/ICESat-2 SSDT Goals

* Design products and write software for
|ICESat-2.

* Create interoperable data products for the
ICESat-2 demonstrator instrument (MABEL).

* Transform GLAS data products into something
more interoperable and future-proof.

Hmm...

* All three datasets are fairly similar in type:
— Sparse, irregular, multi-rate point data.

* So, let’s make the products of similar design!

* Benefits:
— Promotes interoperability.

— Enables natural progression of development
experience.

— Enhances code reuse/enables common codebase.

Development Plan

Use MABEL for initial prototype. Design products
in HDF5, write software, create initial products.

— STATUS : 5 Releases of Data Products to Date.

Write transformation software and design
products for ICESat data (GLAS_HDF) using
MABEL as a basis.

— STATUS : Draft Products Released.

Integrate lessons learned in GLAS_HDF to
improve future releases of MABEL products.

Apply all lessons-learned to ICESat-2.

Relevant Satellite Data System
Requirements

* Defined
— SO 19115 Metadata.
— NASA-approved file format.

* |n Study Phase
— DOI (Digital Object Identifiers).
* Implied

— CF conventions.

http://science.nasa.gov/earth-science/earth-science-data/satellite-mission-data-system-requirements/

SDT Desires

e SIMPLICITY : a=plot(time,elev)
* Product should be self-describing.
* Product should be NetCDF4-friendly.

* Product should include UUIDs for granule-level
unique identifiers.

* Development should leverage existing GLAS
codebase.

« 3" Party Libraries should be stable and well-
tested.

e Software stack should be kept to a minimum.

Low Hanging Fruit?

* |s there anything else we could do (that will
not severely impact our schedule) with the
GLAS HDF or MABEL products to help the
community evaluate or develop future
standards ?

 Example : UUID=Low Hanging Fruit

Implementation Strategy

File Format HDF5 HDF5 HDF5
Granule-level Metadata ECHO+ ECHO+ (Initial) ISO 19115
ISO-19115 (Planned)

Collection DOls YES YES YES

CF Conventions YES YES YES
Self-Describing YES YES YES
NetCDF4-friendly YES YES TBD
Granule UUIDs YES YES TBD
Development End Date  May 2012 TBD TBD

Technical Design

HDF5 (1.8.8)

Each parameter is a dataset.

— Simple & NetCDF4-friendly.

— Allows attached parameter attributes.

— Allows user to easily read parameters they want.

Parameters will be chunked/gzipped.
— This is a —=must- given future data sizes.

Parameters will have attached CF attributes.

— http://cf-pcmdi.linl.gov/documents/cf-conventions/1.6/cf-conventions.html

Logical Design

e Rate Group — A solution for multi-rate data.

— All Data of a particular rate are bundled into a
top-level “rate” group. Each rate group has an
associated time parameter with a 1-to-1 array
index correspondence.

— Yes, time is repeated, but is simpler than indexing
and allows for “a=plot(x,y)”.

e Data are further grouped logically per
discipline.

Design Review

 ESDSWG Technical Infusion Working Group

— Technical review of standards and
implementation.

* NSIDC (ICESat Data Center)
— Content review of data and organization.

* SMAP

— Agreed to collaborate on interoperability at the
start.

— Walking in their footsteps.

Development Challenge

* GLAS data consists of 15 products with a total
of over 2000 parameters.

* That’'s a lot of code to write!

 We can read the integer-binary with existing
routines. But...that’s STILL a lot of code to
write.

* MABEL development revealed that product
shares a significant amount of coding
constructs.

Product Spec -> Compiled Code

* Prep Work

— Export cf-style parameter metadata from existing
data dictionary into text-based product_spec.

— Massage the product_spec to add rate/logical
grouping.
* Code Generation

— Feed the product_spec into gla_codegen to
generate Fortran90 product code.

— Make minor fixes to generated code.

gla codegen

Internal-quality “evolutionary” code generator.
Written in Fortran90; writes Fortran90 code.
Calls SDT library routines & HDF5 library.
Writes modular APl code based on input product_spec.
|s Rate & Logical Group oriented.

Handles:

— Limited datatypes

— Up to rank=2 arrays

— CF attributes

— Basic granule-level metadata

— Chunking, gzip compression

— HTML data dictionary generation

Generated Product API
e

init_ Initializes the data structure for the group
allocate_ Allocates the data buffer

deallocate_ Deallocates the data buffer

h5_create_ Creates group and initializes for writing
h5_init_ Initializes the HDF5 data structures
h5_open_ Opens group and reads parameter attributes
h5_close_ Closes group and any open spaces

h5 read chunk_ Reads a chunk of data from file to memory
h5 write_chunk_ Writes a chunk of data from memory to HDF file
print_attr_ Prints parameter attributes

print_data_ Prints parameter data

print_head_ Prints parameter headings

print_data_dict_ Prints structure for DD

sync_ Synchronizes group with time

h5_set_ds_ Sets parameter dimensional scales

Generated Code

* GLAHO6 Example:
— Read 193 lines of product description
— Wrote 21K lines of code to instantiate the API.

— Using pre-existing code to read original GLAS data,
the code generator provides over 90% of the code
required for the transformation process.




