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We all agree on the need for standardization and validation...

... but how do we provide this in a world with Haystack, Brick,

223P, and other metadata models?

Haystack:
Tags
Xeto
Proto
Specs

?

I)

RDF:

ASHRAE 223
Brick
RealEstateCore
SPARQL
SHACL
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A Vision of Harmonization

* BuildingSemantic Standard (ASHRAE 223) works in conjunction with other ASHRAE
standards to provide a standard process of control delivery and validation.
 RDF-based models integrate multiple perspectives on same building

> ASHRAE 231p
"“& (Control logic)

L»-‘

ASHRAE 135: BACnet
(Communication Protocol)

ASHRAE 223p
{Meaning of the data)

* How does Project Haystack fit into this picture? NREL | 3



Haystack

Brick Model

223P Model

A Vision of Harmonization

Intelligent Building “Apps”

Haystack AP

Brick API

223P API

| vav equip reheat

| sup air temp sp
L

Z N

Goal: Interoperability among metadata solutions,

not necessarily make them same/similar
* Embrace why they are different
ASHRAE 223P Standard:
* Extremely detailed and precise, and therefore...
* Verbose to express/query building systems
Haystack/Brick:

* Lean on common understandings and shared
vocabularies

* Less precise, but easier to query and use

Proposed approach:

* Haystack and Brick used by field implementers,
software developers (as always) — preserve existing
tech investments

* Map into 223P standard for validation and exchange
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DOE/NREL Open-Source Tool: BuildingMOTIF

MOTIF = Metadata OnTology Interoperability Framework

DOE Tools Industry Platforms
H NREL/ alfalfa CLOCKWORKS 4 Enabled
Use Case
. BAS Data E E e |\&voLrraon
 BALNE s Applications

BEM-Controls

vl e

\5ynergies 1 Validated @
Metadata
| | Output Model /
Building - =
MOTIF "'

ND li‘%,

Reference implementations and standardized W Project Haystack
processes and workflows for semantic

information creation and validation through

Use Case easy-to-use open-source DOE/NREL tool

BIM-MEP

REA-

Existing Models
:@, iﬂi‘

Requirements and

Specifications https://github.com/NREL/BuildingMOTIF NREL | 5




Primer on RDF Graphs

The Resource Description Framework (RDF) is a framework for expressing information
about resources. An RDF statement expresses a relationship between two resources: a
subject and an object through a predicate which is the relationship. These relationships
together form a graph which is called an RDF graph.

<Subject> <Predicate> <Object>
AHU-1A feeds VAV2-4

Air Handling Unit
Variable Air Volume Box | AHU1A ‘ Variable Rir Velume Box |
| Fods fonas |
. i

Brick ; i L
E e T [ VAV2-4 ] { VAV2-3 ] 1 hasPart Room 410 p------------- :
Xxample: ' |
P basPart “Fesms———  vAv2-azone !

sPar
N T — U et —

| hasPoint hasPoint hasPoin :

L--{ VAV2-4.DPR ][ VAV2-4.ZN-T ][ VAV2-4.SUPFLOW ][ VAV2-4.SUPFLSP ]

hasPoint ! i i
I Brick Entity
i
i

i
|
| Supply Air Temp Sensor | | Supply Air Flow Setpoint |

: Point class )
VAV2-4.DPRPOS | Sy A Bilar GomeEe | s oo Brick Schema

definition

Equipment class
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BuildingMOTIF Abstracts Away RDF

* BuildingMOTIF provides programmatic abstractions that hide RDF
implementation details

* Graphgeneration - templates
* Graphvalidation = shapes

 RDF as a standard exchange of concepts, rules, metadata and entities

* Informs Haystack/Brick harmonization process:
* More detailson this laterin the talk!
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Graph-Based Templates in BuildingMOTIF

Template: parameterized specification for _ o
. User- or tool-provided bindings from
generating common subgraphs CSV. XSV BACNet scan

vav-cooling-only:

1
2 body: > Parameter Binding

3 @prefix p: <urn:___param___#> .

4 @prefix bric-k: <https://brickschema.org/schema/Brick#> . name urn:bldg/vav-123

5 p:name a brick:VAV ;

6

7

8

brick:hasPoint p:ztemp, p:occ, p:co2, p:dat ;

brick:haspart prdmp : ztemp urn:bldg /vav-123:temp
brick:feeds p:zone .

9 optional: ['occ', 'co2'] zone umb|dg/BlF2234

10 dependencies:

11 - template: damper

12 args: {"name": "dmp"}

13 - template: https://brickschema.org/schema/Brick#HVAC_Zone

14 library: https://brickschema.org/schema/1.3/Brick

15 args: {"name": "zone"}

16 — temnlate: httns://bhrickschema.ora/schema/Brick#Zone Air T
bldg:vav-123:temp brick:-Temp_Sensor

Consistent semantic model for a
component, device, system, etc bldg:B1F2Z34 brick:HVAC_Zone
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Primer on SHACL Shapes

Shapes Constraint Language (SHACL)

Rules:

* G36 VAV must have:

e discharge-air-flow-
sensor

e damper-cmd-shape

SHACL is a language for validating RDF graphs
against a set of conditions. These conditions are
provided as shapes and other constructs
expressed in the form of an RDF graph.

“One motivation for SHACL is Application %/ 1 \%

Integration, where different software
components, potentially maintained by R R R
dlfferent Organlzatlons’ neEd to funCtlon I have defined: I have defined: I have defined:
together Smooth[y_ o . G36VAV: * G36 VAV: * G36 AHU:
* discharge- e discharge- e damper-
air-flow- air-flow- cmd-shape
https://www.w3.org /TR/shacl-ucr/#scope-and-motivation sensor sensor
e damper- NREL | 9
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Shape: sets of constraints, conditionsthat

Shapes in BuildingMOTIF

validate part of a metadata model

4.2 VAV Terminal Unit with Reheat

Required? | Description Type Device
R VAV box damper position AO Modulating actuator
OR OR
two DOs Floating actuator
R Heating signal AO Modulating valve
OR OR
two DOs Floating actuator
OR
Modulating electric heating coil
R Discharge airflow Al DP wansducer connected to flow sensor
R Discharge air temperature (DAT) Al Duct temperature sensor (probe or averaging at
designer’s discretion)
R Zone temperature Al Room temperature sensor
A Local override (if applicable) DI Zone thenmostat override switch
A Occupancy sensor (if applicable) DI Occupancy sensor
A Window switch (if applicable) DI Window switch
A Zone temperature setpoint adjustment | Al Zone thermostat adjustment
(if applicable)
A Zone CO; level (if applicable) Al Room CO: sensor

Represent point lists, system
configurations, etc...

:vav-cooling-only a sh:NodeShape, owl:Class, bmotif:System_Specification ;
sh:class brick:VAV ;
sh:node :box-damper-position, :zone-temperature, :occupancy-sensor, :zo
sh:property :discharge-airflow, :window-switch ;
bmotif:domain bmotif:HVAC ;

brick:VAV hasPoint 1 brick:Zone Temp Sensor

brick:VAV hasPart 1 brick:Damper

brick:Damper hasPoint 1 brick:Damper Pos Cmd

- Built using SHACL W3C standard

- Composable, expressive, declarative language
- Computational validation of metadata models
- Ontology agnostic
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Applying BuildingMOTIF to RDF/Haystack

* There is plenty more to say on BuildingMOTIF!
* Check out repository + documentation ifyou are curious
e https://github.com/NREL/BuildingMOTIF

e Let’s look at how BuildingMOTIF enables interoperability between the RDF
world (Brick, 223P, etc) and Haystack

NREL | 11


https://github.com/NREL/BuildingMOTIF

Approach: Xeto — RDF/SHACL Harmonization

| |
| |
Haystack Brick |l 223P | o T I
Model Model || Model | WO goals
! A Haystack =2 RDF:
t t | Intesopesability prodect | * Produce Brick and 223P descriptions of Haystack
. N S entities
: . * Validate Haystack models against 223P standard
| brick-to-haystack S 30 ° .
: haystack-to-brick ks §: RDF = Haystack:
| 13 * Use Xeto type system to add Haystack tags to
0]
| Ketoras— Keto type 8 i Brick, 223P entities
SHACL.tt i . . .

Fe==———m—————o==——— - *  Produce valid Haystack models from valid Brick,
: AN Resolved Xeto s 0 223P models
| |Expansion JSON S s::
\ Tempéﬁ(s. I/ n  on o O N
: B¥i sbystadk [type ma il%%u * Resolve differences between Brick/Haystack types
\ Hayst.ac befs / g]?ick.t &E:
: Maniplleng Yeto Brick ontology | > :
\
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Behind the Scenes, Briefly

223p Some technical details:

|
|
|
Model :
|
[
[
[

Haystack
Model

Ongoing DOE Semantic * Express Xeto type system using RDF SHACL:
t t | fnreroperability Froject | e SHACL: constraint language for RDF
“““““““““““““ * Validates graphs against constraints
e Can also infer/add new information via rules

i

|

I brick-to-haystack
: haystack-to-brick
|

|

|

|

e SHACL does three things for us in this context

User-facing
Executable

Xeto-as- Xeto type
SHACL.ttl library e Add Brick (or 223P) types based on
Resolved Xeto existence/structure of Haystack tags
Expansion JSON » Add Haystack tags based on Brick/223P type
Templates

* Ensure that properties, tags, relationships,
etc are consistent with the stated types

Xeto type library

|
|
|
|
|
|
I .
| Brick
Haystac .
|| Haystack | | e ) Brick.ttl
| M i )
I apping Xeto Brick ontology
|

Translation

Type Mapping and

File
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Behind the Scenes: Haystack - RDF

* Developeda SHACL-based “ontology” for Haystack:

* Representing Haystack data model in RDF (no semantics!)
e Allows BuildingMOTIF and SHACL to interact with Haystack

* Xeto > SHACL translator:
e Express Xeto type definitions as SHACL constraints

<urn:brick-haystack-xeto/ashrae.g36::636FanPoweredTerminalUnit> a owl:Class,
sh:NodeShape ;
sh:property [ a sh:PropertyShape ;

// Guidline 36 Fan Powered Terminal Unit
G36FanPoweredTerminalUnit : G3éVav {

fanPowered sh:path ph:hasMarkerTag ;
hotWaterHeating sh:qualifiedMinCount 1 ;
singleDuct sh:qualifiedValueShape [ sh:hasValue "equip" ] 1,
points: { [ a sh:PropertyShape ;
. h:path ph:hasMarkerT H
DischargeFanSpeedCmd Sh:pazly phinasharertag

sh:qualifiedMinCount 1 ;

DischargeFanRunSensor sh:qualifiedValueShape [ sh:hasValue "vav" 1 1,

DischargeFanRunCmd # ... etc ...

DischargeDamperCmd [ a sh:PropertyShape ;

HotWaterValveCmd Tra nslating ASHRAE Guide“ne 36 ::::: ;:;2:;2:;;:::s;ack—xeto/ph.points::DischargeFanSpeeded> [

DischargeAirFlowSensor . * : '

e . i Xeto types to Brick/RDF [ a sh:PropertyShape ;

1schargeAiriempsensor sh:node <urn:brick-haystack-xeto/ph.points::DischargeAirTempSensor> ;
¥ sh:path brick:hasPoint ] ;

} # s oetone NREL |



Behind the Scenes: Haystack - RDF

» Xeto - SHACL translator:
* Express Xeto type definitions as SHACL constraints
e Also allows definition of Brick types using Xeto
* Haystack constructs = Brick constructs
e Built on community-constructed “mapping file”
* Leverage Xeto type system to infer additional equivalences

* Import this Xeto library to ensure compatibility with Brick (and thus RDF)
Additional tags inherited
from the parent type

Brick_Discharge_Air_Temperature_Sensor :|Brick_Air_Temperature_Sensor

<uri:"https://brickschema.org/schema/Brick#Discharge_Air_Temperature_Sensor">

Fully qualified Brick “type” embedded in Xeto metadata

air,
discharge,
sensor,

temp

} NREL | 15



Behind the Scenes: Haystack - RDF

e Challenge: how to handle “flat” Haystack entities
* Haystack (sometimes flat): exhaust damper position cmd point
* Brick (equip, points separate): Exhaust Damper hasPoint Damper Position Command

e Solution: use BuildingMOTIF templates to generate RDF graphs
* URI “minting” and Axon lookups to generate reasonable names

e 1d assigned to the ‘point’ parameter in the template

Brick Exhaust Damper Position Command : Brick Command

{equip} {point}

<template:"Brick_Exhaust_Damper_Position_Command",

hasPoint uri:"urn: param__ #Brick_Exhaust_Damper_Position_Command">
type type {
) o air,
brick:Exhaust_‘ ‘ brick:Position_ damper,
Damper Command
exhaust

BuildingMOTIF template to generate Brick subgraph  }

NREL | 16



Two POC: Haystack = RDF and RDF = Haystack

* Scenario 1:
* Have: Existing RDF model (223P and/or Brick)
* Want: Valid Haystack model

e Scenario 2:

* Have: Valid Haystack model
e Want: Brick and/or 223P model

* Not showing running code due to time constraints
* Online “demo-quality” code at
https://github.com/gtfierro/Brick-Haystack-harmonization

NREL | 17
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VAV w/ Reheat: 223P

water
in
VAV _w/_ Reheat
actuates o
Actuator > Position
air air "hasProperty
. Heat out in
air eatin i
. < . g Duct Damper > atr
in Coil out
_ Air P
Sensor > <
Temperature
observes hasProperty
Sensor > Air Flow [«
_ Air P
Sensor > <
Pressure
\
water
out

 Directionality, substance, properties propagated through process flows
* Equipmentcomposition, explicit sensor observationrelationships
* Close-to-finished 223P with some details removed NREL | 18



VAV w/ Reheat: 223P - Brick

water
;; in
VAV w/_Reheat .
Air Temperature Heating
actuates ) . . l
Actuator Position Sensor Coi
3 3 hasPropert 4
air air P
out in | ) Reheat
air Heating air Air Flow Sensor [« hasPart
| >
in Coil % Duct 4% Damper out VAV
A 4
Air » .
Sensor oo Lremperature * nasproperty Alr Pressure D
mper <
) B Sensor . ampe
Sensor Air Flow [ hasPoint
Pressure
v Cs
water Position
out Command

* Brick model captures composition, flow, relationship to BMS points
— Simplification of the 223P model with more specific names
* Brick model is programmatically generated from the 223P model

— Uses SHACL to infer types, add necessary relationships

* Level of abstraction for Brick / Haystack is basically the same
— Just need to express the Brick types as Haystack types --- easy thanks to Xeto! NREL | 19



VAV w/ Reheat: 223P - Brick = Haystack

point air
T temp
N f b
~ N 1
~ N h s

1
A 1 e
N 1 -
N i

Air Temperature

Sensor

Air Flow Sensor

Air Pressure
Sensor

= PA T

- 7 1
\
point // ! \
’ ! \

* Application of SHACL rules adds Haystack tags to Brick entities

Heating
I vav .
en o Coil
rehea ‘ quip
N ! A
< Reheat hasPart
VAV
v
| Heat}ng
hasPoint Coil
1 N
; ‘
. . equip
Position
Command

\
e
e “ \\
pos

feeds

-

— Rules constructed automatically from Xeto type definitions

— Adds ref tags and (soon!) value tags

\\_kind": \\grid"’
“cols”: [..],
“rows”: [

{*_id”: {..1,
“point”: {..},
“Yair”: {..},
“temp”: {..},
“sensor”: {..},
“supply”: {..1,
}

1

* Haystackimport formats (e.g. JSON) generated from the augmented RDF model
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End-to-end: BuildingMOTIF-enabled RDF to Haystack

sup-air-flow-sensor kd|sup-air-pressure-sensor

N e Pl s

safl sapl vavl satl . .
saf2 sap2 vav2 sat2 B u I | d I n g
S— MOTIF
Evaluate
template
Spreadsheet input
(or BACnet scan, BMS dump, etc...)
Xeto-enabled
SHACL inference
New Edit = Trash Meta
hvac damper | mod equipment | point  equip | equipRef | id air | pressure |supply |sensor | vav |terminal |unit |temp | flow
5-Jun-2023 Mon 5:57:23AM UTC v name-dmp_88531965
[ORY v 5-Jun-2023 Mon 5:57:23AM UTC v vav2 name-dmp_13616¢16
@ 5-Jun-2023 Mon 5:57:23AM UTC ' vav2 sap2 v ¥ v v
0] 5-Jun-2023 Mon 5:57:23AM UTC v vav1 sap1 v ¥ v v
[OR 5-Jun-2023 Mon 5:57:23AM UTC v vavi v o v
@ v 5-Jun-2023 Mon 5:57:23AM UTC v vav2 v o v
@ 5-Jun-2023 Mon 5:57:23AM UTC ' vav2 sat2 v v v '
@ 5-Jun-2023 Mon 5:57:23AM UTC v vavi sati v v v v
@ 5-Jun-2023 Mon 5:57:23AM UTC v vav2 saf2 v v v v H k d |
® 5-Jun-2023 Mon 5:57:23AM UTC v vavi saft v v v v a ySta C m O e

NREL
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End-to-end: BuildingMOTIF-enabled Haystack to RDF

Meta
ahu [oquip |cur | co2 [air |point | |zone | cquipRet Kind  |unit |sensor |sp |water chied | omd | vaive 1d:6

AHUs} v

¥ 4 4 ¥ ¥ + ChadieAHU1 Number pem ¢

¥ ¥ 4 ¥ ¥ ¥ ChadieAHU1 Number pem v

v Y ' Charlie AHU 1 Number % AN A P 7 id:7 equipRef

v oy Charlie AHU 1 Number inHO ¢

v e Charlie AHU 1 Number inH,0 v

v P Charlie AHU 1 Number F ¥ Haystack RDF

v o || Charfie AHU 1 Number °F v > .

v v vy Gharfie AHU 1 Number v . ils9

v v lv | Gharlie AHU 1 Number F ¢ mo d el equipRef

v vy Charlie AHU 1 Number “F v

v T I Charlie AHU 1 Bool v

v vy Charlie AHU 1 Number F ¢

7 7 N 17 Charlie AHU 1 Number °F ¢

v A Charlie AHU 1 Boal v

<7 water XetO-enab|Gd

in
VAV w/_Reheat SHACL inference
actuates
Actuator Position
air air hasPropert
Heati out in Air Temperature Heating
eatin i H .
| Coir Duct vamper [ > 2 SHACL inference Sensor Coil
ou <z
Ad <= | Air Flow Sensor Reheat hasPart feeds
ir VAV
Temperature
observes hasProperty A
_ B Air Pressure Heating
Sensor Air Flow [+ i
Sensor hasPoint Coil
Air ! N
P |
I ressure Position _dmp
water Command
) NREL | 22
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Thank Youl!

. . 2 NREL /BuildingMOTIF  puts< S Editpins - @Watch 8 - Y fork &~
* P| heck BuildingMOTIF!
M <> Code () lssues 44 [ Pullrequests 8 () Discussions (O Actions [ Projects 2 (U Securty 8 | Insights @ Seftings

https://github.com/NREL/BuildingMOTIF =~ = == e e (D

Building Metadata OnTology

@ otfierro Fix nondeterministic test failurs (#255) - w gsatonc lastwesk @12 commits | Interoperability Framework
(BuildingMOTIF)
B githubmorktious disable repo-visualizer 3months ago
& nrel github. o/BuildingMOTIF/
W buidingmotit-agp Add updaet model by fie (#251) 3 weel
0 Readme
M buildingmott Fix nondaterministic test failure (#255) stk g
® . [ o V24 . W docs Add documentation for adding triples to Models (#239) lestmonth | A Activty
till in “aloha” but tutorials. Jupvter - ke
’ ® Bwatching
M migrations Mode! valdation Ui + manifest-aware validation (#236) 2months sgo
. ¥ aforks
Notebooks, MVP web interface alrea "
V4 oo Fix nondeterministic test failure (4258} lost week

. [ coveragere Fix codecay @months ago | Releases
a Va I a e O emw Model validstion Ul + manifest-aware validstion (#236) 2 months ago © 1tags

BuildingMOTIF

* Support for Brick, 223P, RealEstateCore and ™= suicnguorr

Haystack underway

Developer Documentation

Enabling the enabling technology of semantic interoperability:

Command Line Tool

OLII0Q

Semantic Interoperability in buildings through standardized semantic metadata is crucial in unlocking the
value of the abundant and diverse networked data in buildings, avoiding subsequent data

Code Documentation -

Tutorials

incompatibliityfinteroperability issues, and paving the way for advanced building technologies like Fault

Detection and Diagnostics (FDD), real-time energy ization, other energy

Model Creation

* Raise issues, leave comments, send emails ===

Template Writing

gtfierro@mines.edu

€SV Import

Avijit.Saha@nrel.gov Building
MOTIF

systems (EWIS), improved HVAC controls, and grid-integrated energy efficient bulding (GEE) technologies,

ing metadata in structured,

tant to make it easier to

science. Building Metadata
betwsen theary and practice, by
validation. It is offered in the form
of RDF graphs, database

adata schemas/ontologies. It also
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