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Existing processing system

• Based on apache airflow https://airflow.apache.org/

▪ ETL Workflow tool

▪ Date based

• Good visibility and operational tooling

▪ Clear reporting  

▪ Easily re-run data through pipeline

▪ Performance metrics
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Existing processing system

• Existing execution system provides high level  time-oriented overview
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Existing processing system

• Robust Operation Tooling
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Existing processing system

• System derived from legacy codebase (Java)

• Tooling allows re-processing of data, but not automated re-processing

• Highly dependent on internal data services
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Motivations for automated, modular, provenance-
focused data processing 

• Dynamic data (a lot of it)

▪ Continuous receipt of new data

▪ Metadata and parameter adjustments

• Data provenance

▪ Traceability  

▪ Reproducibility

• Code re-usability / Use outside of NEON

• Integrated Science-Cyberinfrastructure development
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System design
NEED SOLUTION

Automated response to data change 
(raw data, calibrations, location info, etc)

Pachyderm-based processing modules 
‘listen’ for any data change

Traceability Git-like version control for data and code

Reproducibility Version-controlled Docker containers 
contain code and dependencies

Code re-usability Highly modular processing design

Integrated Science-CI development Docker-based, language-agnostic code 
packaging

1st prototype – Soil temperature
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Connecting modules to data with a pipeline spec

Name

Docker image and 
command to run

Input repository and 
what is a datum 
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Tracing provenance through the commit chain
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Open-Source Data Pipeline
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Lessons learned

• Tradeoff between modularity vs. data storage and execution time

▪ Interim outputs require storage and compute power

• A for-loop can be your friend

▪ Time to spin up a container may be greater than code execution time

▪ Create flexibility to process multiple items at once
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Things we need – Files!

• Pachyderm is file-based processing and provenance tracking

▪ We don’t have files of sensor data!

▪ For example, one of our simplest sensors, the Platinum Resistance Thermometer

▪ Accessed via 4 different steam names in a single table (along with everything else)

− NEON.D16.ABBY.DP0.00002.001.01325.000.020.000

− NEON.D16.ABBY.DP0.00003.001.01325.000.050.103

− NEON.D16.ABBY.DP0.00041.001.01728.002.507.000

− NEON.D10.ARIK.DP0.20053.001.01325.101.100.000

▪ Names are bound on receipt

▪ Ingest format is no help for multi-stream sensors (XML per stream, tied to stream id numbers).
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Things we need – Files!

• Schemas created for each sensor (51 sensors, 66 schemas)

• Using the avro schema format

▪ Record oriented ingest (instead of stream oriented)

▪ Easier to access data

• Ingest of avro records to parquet files on pachyderm

▪ Issues with using avro files on pachyderm 
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{

"type": "record",

"name": "prt",

"namespace": "org.neonscience.schema.device",

"doc": "100 Ohm Platinum Resistance Thermometer",

"fields": [

{

"name": "source_id",

"type": "string",

"doc": "Source serial number or MAC address"

},

{

"name": "site_id",

"type": "string",

"doc": "NEON site identifier"

},

{

"name": "readout_time",

"type": {

"type": "long",

"logicalType": "timestamp-millis"

},

"doc": "Timestamp of readout expressed in milliseconds since epoch",

"__neon_units": "millisecond"

},

{

"name": "resistance",

"type": "float",

"doc": "Measured resistance of the platinum resistance thermometer",

"__neon_units": "ohm",

}

]

}



Things we need – Files!

• Ingest of avro records to parquet files on pachyderm

▪ Avro record format is a standalone serialized record with no schema attached

− Not self describing

▪ Avro files have an embedded schema and are self describing

− They also contain a randomly generated 16-byte sync marker per file
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Things we need – Files!

• Parquet is a better format for our use case

▪ Consistent file output (no random markers)

▪ Better library support thanks to Apache Arrow (https://arrow.apache.org/)

− Python (Pandas)

− R

− C/C++ / Rust / MATLAB more coming soon

▪ Column based compression, native types, predicate pushdown support
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Sample Sizes of various formats:
243M Jul 29 13:18 mti300ahrs_49554_2020-07-27_5899821_11766154.csv.gz
372M Jul 29 13:12 mti300ahrs_49554_2020-07-27_5899821_11766154.hdf
155M Jul 28 11:14 mti300ahrs_49554_2020-07-27_5899821_11766154.parquet



Things we need – Files!

• Working with sensor data before:
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select meas_strm_name,readout_time,readout_val_double from hive.l0files.readouts where
site='ARIK' and DS='2020-07-01' and meas_strm_name like '%DP0.20053.001.01325%' limit 3;

meas_strm_name                               |readout_time              |readout_val_double|
---------------------------------------------|--------------------------|------------------
NEON.D10.ARIK.DP0.20053.001.01325.101.100.000|2020-07-01 23:49:25.262000|          111.7164|
NEON.D10.ARIK.DP0.20053.001.01325.101.100.000|2020-07-01 23:49:26.262000|        111.714317|
NEON.D10.ARIK.DP0.20053.001.01325.101.100.000|2020-07-01 23:49:27.262000|        111.713295|



Things we need – parquet example (simple)

• Working with sensor data now:
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$ python3
Python 3.8.4 (default, Jul 14 2020, 02:58:48)
[Clang 11.0.3 (clang-1103.0.32.62)] on darwin
Type "help", "copyright", "credits" or "license" for more information.
>>> import pandas
>>> df = pandas.read_parquet('ARIK_prt_20187_2019-01-05.parquet')
>>> df

source_id site_id            readout_time  resistance
0         20187    BARC 2019-01-05 00:00:00.267  105.743248
1         20187    BARC 2019-01-05 00:00:01.267  105.743698
2         20187    BARC 2019-01-05 00:00:02.267  105.740868
3         20187    BARC 2019-01-05 00:00:03.267  105.740540
4         20187    BARC 2019-01-05 00:00:04.267  105.739502
...         ...     ...                     ...         ...
86395     20187    BARC 2019-01-05 23:59:55.267  103.877266
86396     20187    BARC 2019-01-05 23:59:56.267  103.877266
86397     20187    BARC 2019-01-05 23:59:57.267  103.876701
86398     20187    BARC 2019-01-05 23:59:58.267  103.876701
86399     20187    BARC 2019-01-05 23:59:59.267  103.876457

[86400 rows x 4 columns]
>>>



Things we need – parquet example (complex)

• Working with sensor data now:
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>>> df = pandas.read_parquet('mti300ahrs_49554_2020-07-27_5899821_11766154.parquet')
>>> df

source_id site_id            readout_time      roll     pitch         yaw  acceleration_x  ...  
0           49553    HQTW 2020-07-27 00:00:00.009 -1.456751 -0.088681  113.070129        0.025998  ...  
1           49553    HQTW 2020-07-27 00:00:00.034 -1.459058 -0.086161  113.070129        0.023087  ...  
2           49553    HQTW 2020-07-27 00:00:00.059 -1.462266 -0.086978  113.070503        0.022463  ...  
3           49553    HQTW 2020-07-27 00:00:00.084 -1.464044 -0.084583  113.069305        0.031530  ...  
4           49553    HQTW 2020-07-27 00:00:00.109 -1.464376 -0.084286  113.067871        0.024759  ...  
...           ...     ...                     ...       ...       ...         ...             ...  ...  
3605508     49554    HQTW 2020-07-27 23:59:59.893 -1.757229 -0.105578  116.595657        0.028069  ...  
3605509     49554    HQTW 2020-07-27 23:59:59.918 -1.754690 -0.105534  116.593323        0.031212  ...  
3605510     49554    HQTW 2020-07-27 23:59:59.943 -1.758325 -0.105250  116.595322        0.026591  ...  
3605511     49554    HQTW 2020-07-27 23:59:59.968 -1.756375 -0.106292  116.593307        0.029373  ...  
3605512     49554    HQTW 2020-07-27 23:59:59.993 -1.757174 -0.107002  116.597626        0.027857  ...  

[3605513 rows x 23 columns]



Things we need – Files!

• Not just files for sensor data

▪ Calibration cert files (already exist as a file)

▪ Threshold information

− Things like min/max allowable values

− Parameters for quality checks

▪ Location information
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Things we need – Example json files
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{
"threshold_name": "Despiking window step - points.",
"term_name": "rawVSIC5",
"location_name": "STEI",
"context": [],
"start_date": "2000-01-01T00:00:00Z",
"end_date": null,
"is_date_constrained": "N",
"start_day_of_year": null,
"end_day_of_year": null,
"number_value": 1,
"string_value": null

}



Things we need – Example json files
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{
"type": "FeatureCollection",
"features": [

{
"type": "Feature",
"geometry": null,
"properties": {

"name": "CFGLOC101183.102",
"site": "KONZ",
"install_date": "2015-05-08T19:51:00Z",
"remove_date": "2015-12-14T22:15:00Z",
"context": [

"aspirated-triple"
],
"locations": {

"type": "FeatureCollection",
"features": [

{
"type": "Feature",
"properties": {

"start_date": "2010-01-01T00:00:00Z",
"end_date": null,
"reference_location": {

"type": "Feature",
"geometry": null,
"properties": {

"name": "CFGLOC101183.102",
"locations": null
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Deployment details

• Linux operating system

• Kubernetes cluster for resource configuration & management

• Mount to Amazon S3 for data storage

33



Module runtimes – 5 days of 5 prt sensors

34



Graph view in airflow
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Kubernetes Metrics
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