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Smart Buildings

» Commercial buildings contribute:  Us Electricity Consumption
® 19% of primary energy

» HVAC systems contribute:
® 25%-40% of electricity 26% 35%
® 50% of primary energy

» People spend 87% of their
time indoors.

» Lot of Building sensors Commercial = Residential  Industrial
e UCSD - 180,000 sensor points across 55 buildings
e How do we exploit sensor information?

» Smart building applications
e Fault detection e Occupancy-based control

® Smart grid e Demand response
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Figure depicture HVAC Air Handler Unit. Sensors monitor equipment and
provide feedback to control system

Sensors & Naming

v Each sensor and its metadata is named differently

e \ariation in vendor, equipment, manual input

® Example: Zone Temperature, Zone Temp, Temp Rm 23, ZN-T
v' Commercial Solution: Regular expression

® |t requires domain expertise

® Fails to exploit additional metadata and sensor data

Vendor Given Name Description
BLDG2.RM-2819.SUP-FLOW Supply Air Flow

BLDG3 1stFl RM-111.SUPFLOW  Process Variable
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Zodiac: Organizing Large Deployment of Sensors to
Create Reusable Applications for HYAC Management

MES|  Bharathan Balaji, Jason Koh, Chetan Kumar Verma, Balakrishnan Narayanaswamy, Rajesh Gupta, Yuvraj Agarwal

CSE Department, University of California, San Diego

ldentifying Sensor Types

Hierarchical Clustering (wetwgota ) ( oata ) Active Learning Exploiting Sensor Data
» Agglomerative clustering of bag of , .
Sl v v » Some sensor points of same type » Extract feature from sensor data:
words from tokenization of metadata Hierarchical Time Series o Scale-based e Pattern-based
3 C| h £ Clustering Classification cannot be clustered together
usters together sensors of same type 7 ) ot ” ® Texture-based e Shape-based
5 Ad £ o . ® “supply flow”, “airflow rate” and _
vantages of clustering Seed labels “supply flow feedback” » Flow sensor and flow setpoint have
® Exploits intrinsic similarities | . L . '
. . . v > We use active learning for mapping same shape, but different texture.
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. ; - » Accuracy of labeling a building is 99.3 % o | actual air flow and
sensors of same type is 98.7 % Existing New : : 0 € 60l {air flow setpoint
» Manual labeling is reduced by 27% -
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Fault Analysis

» Current system reports too many faults, [l —

» Installed power meters only provide

building level consumption so building managers ignore them ote_asaors ot =

» We give priorities to faults by their vosciir. 47995 L
» Cannot breakdown power by oact on enerey consumption Faults!

individual equipment and rooms P 5Y P . |

» We use rule based fault detection method Screenshot from current building
: : : : : management system shows too
» We use simple power estimation model using heat transfer equations 5 . Iy

> Example of rules many faults to manage

e Cooling power= C; * (T,,; o — T ) * ), air flow . . .
| 5P 1 ( mixed air supply a”‘) 2 | Jlowyay e Estimated and measured mixed air temperature should be correlated
e Heating power= C; * (Tsuppiy water — Tsuppty air) * @iT floWyay * Hyqive e Supply and mixed air temperature are equal when cooling is off
T = Temperature, H = Heating Valve, VAV = Variable Air Volume Bo T :
peraty ng vai ! T VOTHME BOX > Our platform detects 135 faults across seven buildings with 83 % accuracy.

Learn constants C,, C, using linear regression — ,
» Linear correlation of estimation and measurement is 89.2% in average > Faults of three building contribute to 127.2 MMBTU/year (293.3 kWh)
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