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* Many useful building apps (FDD, controls) require data
* Finding data often requires cross-referencing between different
representations of the same system
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Ending Bespoke Development
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Lack of standardization, interoperability increases soft costs
associated with developing and deploying data-driven solutions



Brick: “Data Twin” for Buildings

Live/Historical Facility Data
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Founded in 2016

Collaborators: NIST, NREL,
PNNL, LBNL, UC San Diego, UC
Berkeley, Carnegie Mellon

Consortium Members: Siemens,
Schneider Electric, JCI, Carrier,
Mapped, Clockworks Analytics,
+ academic collaborators above

Backed by 501(c)(6) consortium
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Portable Data-Driven Use Cases

Building Subsystems + Data Collection

Over 1000 different equipment, point,
location (REC) classes
Organized into an extensible hierarchy
Static “entity properties” for nameplate
characteristics
Maps to 223P, RealEstateCore, Haystack
Links to other representations

« BMS, BIM, Simulation, Timeseries
Built on RDF, SHACL



Query Brick Model to Conflgure Applications

e —— —

Semantic Graph

SensorlO01l

type

AHU1

type

AHU Sensor27

A (ORaT

Sensor4
type

(Doar
typ

e O T e e Y 3
AH- ZA&ZB PPLYAIR SYSTEM

Field
Controllers
with IO ports

SCADA tags
and BMS
labels

________________________________________________________________________________________________________

AHU Air Handling Unit (Equipment)

MAT | Mixed Air Temperature (Sensor) Grap h-driven

RAT | Return Air Temperature (Sensor) SpeC|aI|zat|on

OAT | Outside Air Temperature (Sensor)
VVhen.MML<Inln(:mwl mMTQ
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Brick model contains points,
equipment/assets

Use RealEstateCore for
architectural elements

Late binding between
application data sources and
the specific I/0 points in
buildings




Supporting Building Apps with a Semantic “Stack”

Haystack

Brick Model

223P Model

Intelligent Building “Apps”

Haystack API Brick API 223P API
vav equip reheat . /\ /\
sup air temp sp i

N

e “Best” modelis relative to the
applications’ needs

* Go“up” the stack
* More abstracted
* Easier queries, but less precision

e Go “down” the stack
* More detail, more formal

* Queries can be more precise, but
may be harder to write

* Active research to automatically
derive Haystack, Brick from
223P




Supporting Building Apps with a Semantic “Stack”
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Connecting Semantic Metadata with Simulations

* Challenge: control testbed does not facilitate deployment of these
algorithms in actual buildings

* Solution: layer virtual building OPtest Testease Brick Model
network over the 1/0 points of T
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SeeQ: New Programming Model for Building Analytics

Write Python applications against
concepts defined by metadata ontology
SeeQ “compiles” the Python code o
against the metadata model for each e
building r
* (Generates building-specific impl. & e
Demonstrated on FDD rules b
Step towards fully portable applications

#1 Implementation:[CQs]

from SeeQ import =*

from pandas import DataFrame

from G36.CQs import Dmp_Pos, Fsa, Fsp_clg, Fan_s

from APAR.CQs import Tsa, Tma, DelTsf, Hc_pos, Epsilon_t

Results

def APAR_R1(sup: Tsa, mix: Tma, drop: DelTsf, heat_coil: Hc_pos, e: Epsilon_t):
is_heating: DataFrame = heating_coil.df > 0
supply_air_low: DataFrame = sup.df < (mix.df + drop.df - error.df)
violating_records = is_heating & supply_air_low
# returns fault if more than 10 violiating samples
if len(violating_records) > 10:
return "fault detected"

Results

def G36_Dmp_Leaking(pos: Dmp_Pos, sup_flow: Fsa, cool_sp: Fsp_clg, fan: Fan_s):
if ((pos.df == @) and (sup_flow.df > max([@.1*cool_sp.df, 50]1) \
and (fan.df == "ON")).for_time(600):
return "Level 4 alarm"



Playground: Untrusted Building Applications

* Research OS for executing untrusted building applications in a multi-

tenant environment
* Uses Brick models to grant access to resources using principle of least privilege
* Provides resource isolation on critical building resources (total energy, peak
power, etc)
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BuildingMOTIF: SDK to Support Semantic Metadata

DOE Tools Industry Platforms

S o Enabled
Use Case
BAS Data 2 < VOLTTRON
3 o ‘@ Applications
Synergies .
BEM-Controls Validated
e Metadata /
o Output Model
BIMLMEP Building
a MOTIF

Existing Models . . . ’SHD i
=] Reference implementations and standardized  Project Haystack
— processes and workflows for semantic
information creation and validation through
Use Case easy-to-use open-source DOE/NREL tool

Requirements and

Specifications https://github.com/NREL/BuildingMOTIF

US Dept of Energy Building Technologies Office project, NREL led

Use semantic metadata as “lingua franca” connecting existing tools for simulation,
modeling, controls, AFDD, BIM, M&V, data science

Libraries of templates and shapes for common systems and applications



BuildingMOTIF: Create and Validate Metadata

Stakeholder .
Input g PR E”
P \L Use Case g -
| gE e
%1 Regulatory BIM
% Reaui : BMS Network Stakeholders
P equirements ‘ \ ‘ /

>
Metadata
Model

Model Model repair
validation
Report | | I @"'O
» 9) Template O
Oﬂ Library
Model storage

Re-validate model

T f If report OK, model is finished |

Incorporate formal use case requirements into iterative workflow
Ensure that delivered metadata model fulfills all use cases

Automate / simplify authoring of models through templates, imports from other sources
Current work: provide economic transparency on ROl for smart analytics
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Classes  Properties  Ontologies  Files

Definition

o A devices that serve all or part of the building and may include electric

° @ brick Collection water heating, including, but not limited to, furnaces, boilers, air con|
* Papers, code, talks, tools i -
[} ) ) ° lamps, luminaires, ballasts, elevators, escalators, or other devices o
# obrick Camera
@ brick Electrical_Equipment

e https://gtf.fyi

brick Fi i
@ brick Fire_Safety_Equipment class [Biiek Equipment extends [Bfigkl Class,
brick Entity,

rec

@ brick Furniture
brick Gas_Distribution
brick HYAC_Equipment
Y Eve r t h i n iS O e n - S O rC e n d e r BS D 3_ b'ic“f IC‘T_E‘quipmenlt brick azimuth bsh AzimuthShape;
y g p u u BIED Lighting_Equipment brick conversionEfficiency bsh EfficiencyShape;
- Mt brick coordinates bsh CoordinateShape;

clause of similarly-permissible license —oi

brick electricalComplexPower bsh ElectricalComplexPowerShape;

brick Rela . . .
y brick electricalFlow bsh ElectricalFlowShape;

Shépe 603: ontology.brickschema.org
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