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Challenges	  to	  Managing	  Sensor	  Data	  

•  Volume	  of	  data	  
•  Data	  heterogeneity	  
•  MulAple	  watersheds	  
•  MulAple	  insAtuAons	  
•  MulAple	  personnel	  
•  Scale	  
•  Data	  quality	  assurance	  

and	  quality	  control	  
•  Standardize	  data	  

ediAng	  
•  Synchronize	  Aming,	  

data	  access,	  equipment	  
tracking	  

Rain,	  Snow,	  and	  
	  Climate	  

Water	  quanAty	  

Soil	  water	  and	  
chemistry	  	  

Groundwater	  
Water	  quality	  	  

Sapflux	  

Mobile	  PlaKorms	  



Gradients	  Along	  Mountain	  To	  Urban	  
TransiAons	  (GAMUT)	  Network	  

•  Ecohydrologic	  observatory	  
deployed	  in	  3	  watersheds:	  
Logan	  River,	  Red	  BuWe	  
Creek,	  Provo	  River	  

•  Watersheds	  with	  similar	  
water	  source	  (high	  
elevaAon	  snow)	  but	  
different	  land	  use	  
transiAons	  

•  Measures	  aspects	  of	  water	  
inputs	  and	  outputs	  and	  
water	  quality	  over	  
mountain-‐to-‐urban	  
gradient	  

•  Mix	  of	  aquaAc	  and	  
terrestrial	  in	  situ	  and	  re-‐
locatable	  sensors	  

	  



Gradients	  Along	  Mountain	  to	  Urban	  
TransiAons	  (GAMUT)	  Network	  

Climate/Terrestrial	  Sites	   AquaAc	  Sites	  



Gradients	  Along	  Mountain	  to	  Urban	  
TransiAons	  (GAMUT)	  Network	  



GAMUT	  Data	  Workflow	  



Sensor	  Data	  AcquisiAon	  



Datalogger	  Program	  Updates	  



Data	  Loading	  and	  Storage	  



Data	  Loading	  and	  Storage	  
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Data	  Loading	  and	  Storage	  

ODM	  



Web-‐Based	  Data	  Access	  



Web-‐based	  Data	  Access	  



Enhanced	  Web-‐Based	  Time	  Series	  
Data	  Access	  and	  VisualizaAon	  



Sensor	  Data	  QAQC	  



Development	  of	  a	  QAQC	  Plan	  

Quality	  Assurance:	  	  
“…protocols	  developed	  and	  adhered	  to	  in	  a	  	  
way	  that	  minimizes	  inaccuracies	  in	  the	  data	  produced	  …	  
produces	  high-‐quality	  data	  while	  minimizing	  the	  need	  for	  
correcAve	  measures	  to	  improve	  data	  quality.”	  
	  

•  Site	  StandardizaAon	  
•  Data	  CuraAon	  (Datalogger	  Programs	  	  

and	  Files,	  Data	  Averaging,	  Database	  Structure,	  
Equipment	  Management)	  

•  Replicate	  Sensors	  
•  Factory	  Maintenance	  
•  Field	  Maintenance	  Schedule	  and	  Procedures	  
•  Field	  CalibraAon	  Schedule	  	  

and	  Procedures	  
•  Manual	  Data	  Monitoring	  
•  Automated	  Data	  Monitoring	  and	  Alerts	  
•  Recording	  Events	  

	  

Quality	  Control:	  “occurs	  aker	  the	  data	  are	  
generated	  and	  tests	  whether	  they	  meet	  the	  necessary	  
requirements	  for	  quality	  outlined	  by	  the	  end	  users.”	  
	  

•  Data	  Qualifiers	  and	  Flagging	  
•  ODM	  Tools	  Python	  (data	  management	  sokware)	  
•  Quality	  Control	  Levels	  
•  Data	  Processing	  Steps	  
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QAQC:	  Automated	  Alerts	  

Technicians	  receive	  email	  alerts	  daily	  
1.   Power:	  	  baWer	  voltage	  <	  12	  volts	  
2.   Persistence:	  value	  of	  a	  variable	  is	  unchanging	  
3.   Updates:	  data	  are	  not	  being	  reported	  
4.   NaNs:	  sensor	  is	  reporAng	  “NaN”	  values	  

AddiAonal	  alerts	  will	  be	  implemented	  as	  needed	  (e.g.,	  
variable-‐specific	  range	  checks,	  internal	  consistency,	  spaAal	  
consistency).	  

Streaming	  Data	  
Loader	  

ObservaAons	  
Database	  

Alert	  Generator	  
Alert!!	  

Must…
fix…

sensor…	  



QAQC:	  	  
Data	  VisualizaAon	  and	  Management	  

MulAple	  Plot	  Types	   Plot	  Display	  OpAons	  

Date	  Range	  
RestricAons	  Dynamic	  

Zooming	  and	  
Panning	  

Time	  Series	  
SelecAon	  

Build	  Query	  

Export	  Data	  Series	  

Filters	  on	  
Data	  Series	  



QAQC:	  	  
Data	  VisualizaAon	  and	  Management	  



QAQC:	  Post	  Processing	  
Data	  EdiAng	  

Tools	  
Python	  Code	  
Console	  

Python	  Script	  
Editor	  

Dynamic	  Data	  
EdiAng	  Display	  



Monitoring	  Equipment	  Management	  
Which	  sensors	  were	  
deployed	  at	  this	  site?	  
Who	  installed	  them?	  

Which	  soil	  moisture	  sensor	  
is	  buried	  at	  40	  cm?	  

Has	  this	  turbidity	  
sensor	  been	  serviced	  

at	  the	  factory?	  
Who	  programmed	  
this	  datalogger?	  

How	  long	  has	  that	  
baWery	  been	  
deployed?	  

What	  is	  this	  
dissolved	  oxygen	  
sensor’s	  calibraAon	  

history?	  

When	  was	  the	  last	  
Ame	  we	  cleaned	  this	  

sonde?	  

What	  were	  the	  field	  
condiAons	  of	  our	  discharge	  

measurement?	  



Data	  Model	  developed	  to	  
relate:	  	  
•  Equipment	  
•  Field	  AcAviAes	  
•  Deployments	  
•  CalibraAons	  
• Measured	  Variables	  
•  Datalogger	  Programs	  
	  
Database	  serves	  as	  
underlying	  structure	  to	  
web	  interface.	  

Monitoring	  Equipment	  Management	  
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and)other)equipment)

Details)on)site)
visits)and)field)

ac(vi(es)
Informa(on)on)
factory)service)

Details)on)
calibra(ons,)
standards,)

and)materials)

A2ributes)of)output)
variables)measured)

by)a)sensor)

Details)on)datalogger)
programs)and)output)files)



Monitoring	  Equipment	  Management	  

•  Record	  site	  informaAon,	  site	  visits,	  and	  field	  acAvity	  details	  
•  Store	  informaAon	  on	  physical	  equipment	  
•  Track	  equipment	  deployments,	  calibraAons,	  service	  events	  



Monitoring	  Equipment	  Management	  

Site	  Visits	  

Equipment	  

Field	  AcAviAes	  

•  LocaAon	  
•  Date	  
•  People	  
•  CondiAons	  

•  AcAvity	  type	  
•  DescripAon	  
•  Date	  

•  Model	  
•  Serial	  number	  
•  Owner	  
•  Vendor	  
•  Manufacturer	  
•  Service	  history	  

Deployments	  

•  Deployment	  type	  
•  DescripAon	  
•  Dates	  
•  Offsets	  

CalibraAons	  

•  Method	  	  
•  Standard	  

Time	  Series	  
ObservaAons	  



Open	  Source	  Code	  Repositories	  

•  ODM	  Tools	  Python	  –	  Sensor	  Data	  Management	  
–  hWps://github.com/UCHIC/ODMToolsPython	  

•  ODM2	  Sensor	  –	  Sensor	  equipment	  management	  
–  hWps://github.com/UCHIC/ODM2Sensor	  

•  ODM	  Streaming	  Data	  Loader	  
–  hWps://github.com/UCHIC/ODMStreamingDataLoader	  	  

•  WEBTSA	  –	  Time	  series	  data	  visualizaAon	  
–  hWps://github.com/UCHIC/WEBTSA	  	  
	  



Summary	  

•  Researchers	  are	  collecAng	  more	  data	  using	  in	  
situ	  sensors	  at	  mulAple	  sites	  

•  Much	  of	  the	  data	  management	  workflow	  can	  
(and	  should!)	  be	  automated	  

•  The	  tools	  described	  have	  sped	  the	  Ame	  from	  
collecAon	  to	  analysis	  and	  facilitate	  sharing	  and	  
publicaAon	  of	  the	  data	  
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