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Image from: “Better Buildings Alliance EMIS Team: New Resources” (March 2017)

“Managing”
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1. Climate Change
2. Finance
3. Knowledge for its own sake

“The ƔƍƞƱamƈƍƞƝ buƈƋƝƢnƆ 
is ƍƎƭ wƨƑƭh ƋiƯƈnƆ ƢƧ” 
-SocƑƀƭƞs



Carleton Already Engaged

Maintenance Staff Sustainability Assistants (STAs)
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✘ Also doesn’t offer 
automated analysis
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Siemens 
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Martha’s 
Computer

API Server
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EV.RM102.AH.V
Building: Evans

Room: 102 Point Type: Valve

Equipment Box: 
Air Handling Unit

Source: Siemens



Points

ID

Name

Description

Database Schema



Points

ID

Name

Description

Database Schema

EV.RM102.AH.V

EV.RM102.AH.V



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

Database Schema

EV.RM102.AH.V



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

07/20/17 11:00:00
75



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

PointSources

ID

Name



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Siemens

PointSources

ID

Name Siemens



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Rooms

ID

Name

BuildingID

PointSources

ID

Name Siemens



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

102

Rooms

ID

Name

BuildingID

PointSources

ID

Name Siemens

102



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Buildings

ID

Name

Rooms

ID

Name

BuildingID

PointSources

ID

Name Siemens

102



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Evans

Buildings

ID

Name

Rooms

ID

Name

BuildingID

PointSources

ID

Name Siemens

102

Evans



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

EquipmentBoxID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Buildings

ID

Name

Rooms

ID

Name

BuildingID

EquipmentBoxes

ID

Name

Description

PointSources

ID

Name Siemens

102

Evans



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

EquipmentBoxID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Air Handling Unit

Buildings

ID

Name

Rooms

ID

Name

BuildingID

EquipmentBoxes

ID

Name

Description

PointSources

ID

Name Siemens

102

Evans

Air Handling 
Unit



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

EquipmentBoxID

PointTypeID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Buildings

ID

Name

Rooms

ID

Name

BuildingID

EquipmentBoxes

ID

Name

Description

PointSources

ID

Name

PointTypes

ID

Name

Description

Units

ReturnType

Siemens

102

Evans

Air Handling 
Unit



PointValues

Timestamp

PointID

Value

Points

ID

Name

Description

PointSourceID

RoomID

EquipmentBoxID

PointTypeID

Database Schema

EV.RM102.AH.V
07/20/17
11:00:00

75

Valve
% Open

Float

Buildings

ID

Name

Rooms

ID

Name

BuildingID

EquipmentBoxes

ID

Name

Description

PointSources

ID

Name

PointTypes

ID

Name

Description

Units

ReturnType

Siemens

102

Evans

Air Handling 
Unit

Valve

% Open

Float



1. Why?
2. What do we want?
3. How do we get it?

problem
data
database
api
dashboard
analysis
conclusion



Our System

DB API

Meter 
Data

Dashboard

Importers

Energy App

Wind 
Data

Analysis

Data Sources

Storing / Serving Data

Using Data



Use Cases

● What are all the buildings on campus?
● What are the names of all the points in Hulings?
● What were the temperatures in Evans 204 last week?



What do we want to return?
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What is the current solution?

● Lucid does not allow for side-by-side comparisons, nor 
custom date selections.

● ALC and Siemens do not have any effective built-in options 
for data visualization or analysis. 

● No easy solution exists for comparing data from different 
sources. Facilities instead has to collate the data manually.
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How can we improve this?

Provide proof-of-concept solutions for the common problems:

● Side-by-side comparisons
● Improvements on the heatmap tool
● Rudimentary anomaly detection
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Dashboard: Comparisons
● Custom point selectors
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Dashboard: Heatmap
Features we wanted: 

● Custom date and point selection
● Different presets for the colors
● Ability to hover over text and see values for a given point
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Dashboard: Alerts
Very basic metric for anomalies: flag points that are three standard deviations 
away from the mean of all values over the selected time frame. 

Useful as a "proof-of-concept" in case we didn't get to other, fancier analysis for 
the dashboard.  
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Dashboard: Room Inspection
Facilities' Experiment: How far can we push our current radiators?



Dashboard: Room Inspection
Facilities' Experiment: How far can we push our current radiators? 

Our Solution: Build a tool that can display the room temperature and the radiator 
valve percentage for each room in a building and detect "anomalous points". 
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Proof-of-Concept: Room Inspection

● Displays the room temperature and 
radiator valve percentage 

● Permits viewing a "snapshot" of room 
temperature and valve percentage points 
for a building.

● Optional Detect Anomalies feature
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Proof-of-Concept: Room Inspection

● Performs k-means clustering to detect 
points that appear anomalous

● Colors the cells to provide an indicator of 
which points appear as anomalous for that 
day



Dashboard: Room Inspection
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What data do we have to work with?

EV.RM203.RT ACDIN.EF1 Evans Hall - 
Electricity

BI1DSP

2017-12-20 
00:00:00

67.2 ON 71.41 1.5

2017-12-20 
01:00:00

67.4 OFF 50.92 1.49

2017-12-20 
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68.1 OFF <null> 1.5



What data do we have to work with?

EV.RM203.RT ACDIN.EF1 Evans Hall - 
Electricity

BI1DSP

2017-12-20 
00:00:00

67.2 ON 71.41 1.5

2017-12-20 
01:00:00

67.4 OFF 50.92 1.49

2017-12-20 
02:00:00

68.1 OFF <null> 1.5

Most points are 
continuous

Some points are categorical

Some points are missing data

We have no idea 
what this point 
means



What could we use to analyze this data?

● Unsupervised

● Data-driven

● Not too complex



Decision Trees
Goal: Identify points of interest based on their placement in a decision tree

Air Conditioning = ON?

......

Low Energy ... ...High Energy

Low Energy High Energy Low Energy High Energy

Point of interest

Yes No

ANALYSIS



How do we have to change the data?

EV.RM203.RT ACDIN.EF1 Evans Hall - 
Electricity

BI1DSP

2017-12-20 
00:00:00

67.2 ON ≥ 60 (high) 1.5

2017-12-20 
01:00:00

67.4 OFF < 60 (low) 1.49

2017-12-20 
02:00:00

68.1 OFF <null> 1.5

Bin our class variable

Ignore categorical variables
Remove rows 
with null values



Decision Tree
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“Hulings typically uses more energy when this temperature is higher than 70 °F”*
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Low Energy High Energy

“Hulings typically uses more energy when this temperature is higher than 70 °F”*

*On a specific day in August
*Which probably just means it’s hot outside
  
  
  

Decision Tree



Cool problem: Boliou

Night using 
more energy

Day using less energy





Association Rules
Goal: Identify links between points and points of interest

Data requirements: Boolean if data value is present or not

ANALYSIS



Association Rules
Goal: Identify links between points and points of interest

Data requirements: Boolean if data value is present or not

ANALYSIS



How do we have to change the data?

EV.RM203.RT ACDIN.EF1 Evans Hall - Electricity

2017-12-20 
00:00:00

71 ON 65

2017-12-20 
01:00:00

68 OFF 55

One hot encoding:



How do we have to change the data?

EV.RM203.RT ACDIN.EF1 Evans Hall - Electricity

2017-12-20 
00:00:00

>= 70 ON 65

2017-12-20 
01:00:00

<70 OFF 55

One hot encoding:



How do we have to change the data?

EV.RM203.RT < 
70

EV.RM203.RT >= 
70

ACDIN.EF1 Evans Hall - Electricity

2017-12-20 
00:00:00

FALSE TRUE ON 65

2017-12-20 
01:00:00

TRUE FALSE OFF 55



How do we have to change the data?

EV.RM203.RT < 
70

EV.RM203.RT >= 
70

ACDIN.EF1 Evans Hall - Electricity

2017-12-20 
00:00:00

FALSE TRUE ON 65

2017-12-20 
01:00:00

TRUE FALSE OFF 55



How do we have to change the data?

EV.RM203.RT 
< 70

EV.RM203.RT 
>= 70

ACDIN.EF1 = 
ON

ACDIN.EF1 = 
OFF

Evans Hall - 
Electricity

2017-12-20 
00:00:00

FALSE TRUE TRUE FALSE 65

2017-12-20 
01:00:00

TRUE FALSE FALSE TRUE 55



How do we have to change the data?

EV.RM203.
RT < 70

EV.RM203.
RT >= 70

ACDIN.EF
1 = ON

ACDIN.EF
1 = OFF

Evans Hall - 
Electricity ≥ 50

Evans Hall - 
Electricity < 50

2017-12-20 
00:00:00

FALSE TRUE TRUE FALSE TRUE FALSE

2017-12-20 
01:00:00

TRUE FALSE FALSE TRUE TRUE FALSE



Evans Unit 4 
Heat Coil Valve 

< 49.26

Association Rules

Evans Unit 5 
Heat Coil Valve 

< 49.26



Association Rules Software



Association Rules Software



Association Rules Software



Association Rules Software



Decision Trees

Association Rules

Anomaly Detection



Anomaly Detection via Clustering
Goal: Identify points that aren’t behaving as expected

Too cold?

ANALYSIS

EV.RM101.RT EV.RM102.RT EV.RM103.RT

2017-12-20 
00:00:00

68.5 70.2 32.4

2017-12-20 
01:00:00

68.4 70.0 32.4



Anomaly Detection via Clustering
Goal: Identify points that aren’t behaving as expected

Data Requirements: Continuous data for multiple 
similar points, or multiple days for the same point

EV.RM101.RT EV.RM102.RT EV.RM103.RT

2017-12-20 
00:00:00

68.5 70.2 32.4

2017-12-20 
01:00:00

68.4 70.0 32.4

EV.RM101.RT

2017-12-20 2017-12-21 2017-12-22

00:00:00 68.5 68.5 74.0

01:00:00 68.4 68.6 74.2

Too cold? 

Too hot? 

ANALYSIS



Anomaly Detection via Clustering
Goal: Identify points that aren’t behaving as expected

Data Requirements: Continuous data for multiple 
similar points, or multiple days for the same point

Method: 
1. Perform k-means clustering
2. Pick out anomalies as points that are far 

from their cluster center

ANALYSIS



Anomaly
Detection



Anomaly
Detection



Anomaly
Detection



Dashboard



1. Challenges
2. Future
3. THX

problem
data
database
api
dashboard
analysis
conclusion



Overall challenges
● Difficulty with data
● Inexperience with field
● Design challenges



Future possibilities
● Parsing more points
● More tools for the dashboard
● Try more analysis algorithms



Live data?



● Jeff Ondich
● Martha Larson, Mitch Miller, Jeff Mason
● Mike Tie, Dave Flynn
● CS Faculty and peers
● Our friends and family

Thank you to:



Questions?


