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The Data Revolution is Underwayé



UsersðDecision Support 

Tools

- vendor neutral

- extensive

- flexible

- adaptable

ProvidersƋHeterogeneous 

sensor network

In-Situ monitors

Bio/Chem/Rad

DetectorsSurveillance

Airborne
Satellite

- sparse

- disparate

- mobile/in-situ

- extensible

Models and Simulations

- nested

- national, regional, urban

- adaptable

- data assimilation

Source: Botts, 2004

Sensor Web Enablement

- discovery

- access

- tasking

- alert notification

Web services and 

encodings based on 

Open Standards

(OGC, ISO, OASIS, IEEE)

Sensor Web Enablement (SWE) 

(Open Geospatial Consortium)

Emerging Area: 

Geospatial 

Visual Analytics



Sources include: Heidelberg Collaboratory, Minsker, GMES

Integrated, Information-Based Decision Making

Visualization Dashboard

Information-

Based 

Decisions

Calibration

Automated Provenance

Human, 

Physical, 

Virtual 

Sensors

éSeamless Computingé

Archives

Data Fusion

ModelingMultimodal

Data

Products



Corpus Christi Bay, Texas

CORPUS CHRISTI 
BAY

NUCEUS BAY

OSO BAY

Sin Chit To, 2008



Data Fusion: Sensor Anomaly Detection 

with Dynamic Bayesian Networks

Use data for 

real-time 

forecast

Real-time Data Streams

Real-time assimilation 

of data into dynamic 

Bayesian Network 

(DBN) system model

Identify data with 

low likelihood of 

being measured 

given modeled 

system state ï

anomalies

Generate alerts to 

indicate that 

anomalies have 

been found

Remove or 

replace sensor 

errors with 

model estimate

Human 

evaluation of 

anomalies

Sensor error

Unusual phenomena
Modify sensing to observe 

phenomena in greater detail 
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Hill et al., ñReal-Time Bayesian Anomaly Detection in Streaming Environmental Data,ò 

Water Resources Research, 45, W00D28, doi:10.1029/2008WR006956, 2009. 



Identifying Real Anomalies with DBNs

Correct classification of data 

caused by sensor error

valid          anomalous          filled missing data          predicted value of anomalies

Predicted values of missing data seem plausible 

Higher false positive rate after CC003 wind 

direction sensor goes offline and after CC009 

barometer fails



Benefits of Adaptive Observation: K-Nearest-

Neighbor Model 

DO Forecast (mg/L) DO Forecast Variance (mg/L)

Areas with low oxygen (DO) and high forecast 

variance are best candidates for further sampling

Based on early modeling results, Paul 

Montagna launched a broader sampling 

program and identified widespread 

hypoxia in previously unknown areas.



Dashboard for Real-Time Hypoxia Status in 

Corpus Christi Bay, TX

Dashboard summarizes 

geospatially diverse 

information



Chicago Tunnel and Reservoir Plan (TARP)

375 square miles of Chicago and 

51 neighboring municipalities are 

serviced by combined sewers

Over 300 CSO points exist within 

Metropolitan Water Reclamation 

District of Greater Chicago 

(MWRDGC) service area

Tunnel and Reservoir Plan 

(TARP) was designed to capture 

potential CSOs; 109 miles of 

tunnel up to 35 feet in diameter
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The North Branch area, with a large number of high-risk 

CSO points, was used as a basis for this study



Decision Support System for Adaptive Control of Combined 

Sewer Overflows (CSOs) in Chicago

Control Strategy 
Optimization:

Real-time Input:

adjusted pump and 

gate operation

Statistical & or 
Physical System 

Model(s)

Optimizer

Decision 
Sequence

state of 

waterways

weather

state of 

storm water 

system

operator action

04:30: reduce plant flow to

minimum volume

04:30: WS -22 ft04:20: Close TG-80a

04:30: TARP MS -195 ft
04:20: TARP MS 70% full

04:25: TARP i/s to plant

04:30: Close TG-76a

04:45: Close RAPS #8 gate

04:50: TARP DP -220 ft

Real-time Forecasting:

high-risk
medium-risk
low-risk



Data Products: Real-Time Rainfall Virtual Sensors



North Branch Implementation:
12 decision variables

11 values for each decision variable

Two hour time step incremented at 15 minutes

Yields a large search space (1112x8possibilities) that is difficult to search in real-time

CSO Model Predictive Control

GA initializes 

population; 

chromosomes consist 

of control sequence for 

a 2-hour rainfall 

prediction 

GA evolution 

determines optimal 

sequence to minimize 

overflow volume

Gate positions and 

pumping rate coded by the 

first four genes (first 15 

minute interval) of the best 

sequence are implemented

Rainfall prediction is 

updated for the next 

2-hour period

Two-hour prediction horizon 

is moved towards the future 

to include the next 15 

minutes

Precipitation forecast 

for 2 hours

Total CSO Volume 

(summed over each 

interval)

1 2

3

45

Observed 

Rainfall Update 
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Initial CSO Optimization Results

Total CSO Flow = 8706 cfs

Total CSO Flow = 1074 cfs

88% Overflow Reduction

All gates fully open until tunnel water level reaches 

70% of diameter, then closed

Pump to river at 40% over the treatment plant 

capacity
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IACAT Virtual Environmental Observatory for 

Sustainable Agricultural Watersheds

ÅObjective: Explore the benefits of real-time adaptive 

sensing and modeling for improving agricultural 

sustainability

Nitrogen 

Nanosensor
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Potential vs. Ag/AgCl (V)

 Blank electrolyte (1 M NaOH)

 100 mM Nitrate

Nitrate reduction peak

Source: Logan Liu, Electrical & Computer Engineering, 

UIUC



Sustainable Biofuels Framework

Lysimeters(9 m2)
representing grid 
cells

(detailed N2O, 
nitrate,
water dynamics,
carbon inputs, 
decomposition,  
storage)

Field 1:
EBI study plot

USGS Camargosampling site

Field 2

Field 3

REW 1

Mainstem
EmbarrasPrairie

Switchgrass

Miscanthus

Corn

REW 3

REW 2

Upper
Embarras
Watershed

Collaboration with the Energy Biosciences 

Institute (EBI, 

http://www.energybiosciencesinstitute.org/)



Cloud Services

Modeling results and 
derived data products

Data Sources

IACAT Data, Services, and 
Modeling

~40 acres

IACAT motes, i.e.
nitrogen

EBI sensors, 
camera

Tile drain via 
datalogger

Regional/National Remote Sensing

Agency 
sensors

Radar, 
satellite

PALMS

THREW DAYCENT

CMM5/CMAQ

Virtual Sensors

Visualization

Export 
(CSV)

Adaptive 
Optimization

Machine 
QA/QC



NCSA Digital Watershed: Data, Documents, Data 

Products, Modeling Results


