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Standards Enabling Al in Building Controls

System Structure

+ ASHRAE Standard 135: BACnet + ASHRAE Standard 231: Control
Description Language
« Application Programming
Interfaces (API) * Other schemas

« Other protocols



Data Sources

* Building data:

BIM architecture and equipment schedules
BAS specs

Physical I/0

Parameters (AV, BV, MV)

Algorithms (e.g., guidelines or templates)

* Public metadata libraries/ontologies:

Brick/ RealEstateCore (based on Semantic Web)
Haystack (based on markers)

AIR HANDLING UNIT SCHEDULE
No. AHU-O1 AHU-02
LOCATION WEST ROOF EAST ROOF
SERVICE | LEVEL2008300 | LEVEL40O
MANUFACTURER | _
s 4821 5147
AR FLOW . -
CFM 20800 | 10900
Lfs 2016 162
MAXIMUM OUTDOOR AIR . -
_ cmM | 800 650
995 162
Z | MINIMUM OUTDORR AR | 7% !
s cFM 4000 650
E EXTERNAL STATIC kPa 0.5 0.62
& PRESSURE in We 2 1
@ kW 11 6
MOTOR T 1
He | 15 _ 75
8 FLA P 31
VOLTAGE | asope0 | as0/3e0
QUANTITY 2 1

Predicate hasPoint
Subject Object VAV Occupancy_Sensor



Metadata Approaches and the Power of

Ontology

—_— Discharge_aAir Static_Pressure_Sensor
Select SiteName | test v |
Search filter: | Point Tag ~ | fremp] [ anp() Supply_Air_Flow_Setpoeint
@ Discharge_Air_Temperatme_Setp@

hasLocation

isPointOf

hasLocation

isPointOf

# PointID Point Name | Point Brick (v1.2) v | [ Equipment Brick (v1.2) v| |[Location Brick (v1.2) v | User-Defined Tag hasLocation
. - - isPointOf
test.1100.analog-input.3 DAT |d|scharge_a|r_temperatL |va\.' |ha||\.»\ra\-r IZN_A ——
@_Ccoling_’[‘emperatum_Setpoint
test.1100.analog-input.7 RMT lzone_air_temperature_s Ithermostat Iprivate_ofﬁce IRM_lol
isPointOf
test.1100.analog-value.1 AHU SAT Iair_temperature_setpoir Iahu Iroom iAl Vent_Operating_Mode_Status
hasLocation
test.1100.analog-value.9 DAT - RMT |discharge_air_temperatL |\,'a\.r |ha||\.»\ra\-r IZN_A isPointOf
Heat Active -
Setpoint Operating_Mode_Status )
Differential hast.ocation
Max . isPointOf
Setpoint
) hasLocation
test.1100.analog-value.10 DAT Active Ioccupied_discharge_air_ |vav |ha||v\ra\-r IZN_A
Setpoint isPointOf
test.1100.analog-value.11 DAT Low [min_discharge_air_temp ~ fvav |hallway [zn_a hasLocation
Limit
Setpoint isPointOf
Air Flow_Sensor
test.1100.analog-value.12 DAT Max Imax_discharge_air_tem[ Iva\.f Ihallway IZN_A hasLocation
Setpoint
isPointOf
test.1100.analog-value.43 Outside Air  |outside_air_temperature  |ahu |mechanical_room ja1 hasLocation
Temperature
isPointOf
test.1100.analog-value.56 RM'_I' Cool lzcne_air_cooling_tempe |vav |ha||~-»\ra\-r |ZN_A - -
Actwe. hasLocation
Setpoint
isPointOf
test.1100.analog-value.57 RMT Cool lzcne_air_cooling_tempe |va\.r Ihall\.»\ra\-r IZN_A Setpoint
Mav hasLocation

isPointOf

import from csv | import from json ‘ ‘ export to csv | export to json | synchronize with controllers @e—m—mmp&mtm—setpom—mmm hasLocation 7
. J f
I}




Semantic Data Modeling with RDF & ASHRAE 223P

A S|mp|e BU||d|ng in Brick and RDF NOTE: Brick is higher level and requires less entities and classes than 223P

a brick:

a brick:

a brick:
s bldg:

bldg

bldg:

bldg:

bldg
brick:

bldg:

bldg:

bldg:
brick:hasPoint bldg:

bldg: ,

bldg:

bldg:

bldg:

bldg:

bldg: a brick:

brick:hasPoint bldg:
bldg:
bldg:
bldg:

bldg: a brick:

brick:hasPoint bldg:
bldg: .
bldg:
bldg:




Semantic Data Modeling with RDF & ASHRAE 223P

A Simple Building in Brick and RDF

brick:Machanical_Room
bldg:RM_1006

3.org/l

brick:hasPart

bldg:RM_2000

nttps/fwww.w3 orgl1 999/02/22 rdf syntax-ns # type

http:/fwww.w3.org/1 999/02/22 rdf syntax ns #type

NOTE: Brick is higher level and requires less entities and classes than 223P

brick:hasPoint

bldg:HC 01 V_POS
brick:Heating_Coil

Coil

httpsffwww.w3 orgl1 999/02/22-rdFsyntax-ns #type

bldg:HC_01

bldg:CC_01

brick:hasPoint

brick:Cooal

bldg:RM_1006_EF S5

bldg:RM_1006 EF STATUS

#type

hitp:/fwww.w3.org/1999/02/22

brick:-hasPart

Bitp:/iwww.w3.0rg/1999/02/22 rdf syntax-ns# type

int

bricksisLocationOf
bldg:EF 01

brick:hasPoint
bldg:SF_01 S8

brick:hasPoint

bldg:RM_1006_EF_RMT

brick:-hasPart

bldg:SF_01_STAT

brick:hasPoint

httpijfwwiw.w3.org/1999/02/22 rdf syntax-ns #ty]

http:/fwww.w3.0rg/1999/02/22-rdfsyntax-ns # type

ttp:ifwww.w3.org/1 999/02/22 rdF syntax-ns #type

hitpsifwww.w3. orgl1 999/02/22 rdf syntax-ns # type

httpiifwww.w3.org/1999/02/22 rdf syntax-ns #type.

ffwww.w3.org/1999/02/22-rdFsyntax-ns #type

httpoffwww.w3.org/1999/02(22 rdf syntax-ns #type

http:ffwww.w3.org/1999/02/22-rdFsyntax-ns #type

brick:Valve_Position_Command

brick:Start_Stop_ Command
brick:Fan _Status

brick:Frequency Command

bldg:SF 01 F

brick:Supply_Fan
- . Sens

Sensor

brickhasPoint
htep-/fwww.w3.0rg/1999/02/22-rdf-syntax-ns # type

brick:hasPart bldg:SF 01

https/fwwww3.org/ 2-rdfsys #

brick:hasPoint

bldg:RD_01_DMP_CMD

Flyp brick-Return_Damper

 Setpoint

brick:hasPoint

http:/fwww.w3.org/1999/02/22

bldg:RD_01

brick:hasPart
A

http:/fwww.w3.org/1999/02/22 rdf syntax ns # type

brick:hasPoint bldg:AHU 01 SAT SP

ns¥type brick:Mixed_Air Temperature_Sensor

http-/fwww w3 org/1999/02/22 -rdf synt:

bldg:AHU_01_MAT

bldg:AHU_01_MODE

brick-hasPoint

brick:Operating_Mode_Status

brick:Outside_Air Temperature_Sensar

http:/fwww.w3 orgl1999/02/22-rdf syntax-ns # type http:/fwww.w3.org/1999/02/22-rdf syntax-ns# type

http:/fwww w3 org/1999/02/22 rdf syntax-ns# type

bldg:AHU_01

brick:hasPart

brick:hasPeint

brick:Return_Air Temperature_Sensor

https/fwww w3.org/1999/02/22-rdfsyntax-ns#type

bldg:AHU_01_OAT

brick:hasPoint
brick:feeds bldg:AHU 01 RAT brick:hasPoint bldg:RM_1003_DMP_CMD

brick:-hasPoint.

hitp:/fwww.w3.org/1999/02/22 rdf syntax-ns # type

http:ifwww.w3.org/1999/02/22 rdF syntax-ns #type




emantic Data Modeling with RDF & ASHRAE 223P

A Simple Building in Brick and RDF

- brick:isFedB; Y

brick:isLocationOf

brick:isLocationOf

brick:feeds

brick:isLocationOf
bldg:RM_1005

bldg:VAV_05
! \
Tl http://www.w3.0org/1999/02/22-rdf-syntax-ns#type

v3.0rg/1999/02/22-rdf syntax-ns#t ! < L‘
brick:feeds —.
- brick:Zone

‘ T O
' http:/fwww.w3.0rg/1999/02/22-rdf syntaxns#type
I

‘l brick:isLocationOf

brick:isLocationOf

bldg:RM_1001

brick:isLocationOf

brick:isFedBy

bldg-VAV_02

Y

Z

brick:isLocationOf

http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns # type

brick:isLocationOf

brick:isLocationOf

brick:isFedBy

brick:isLocationOf

bldg:RHV_03

NOTE

brick:hasPoint

brick:hasPoint

Brick is higher level and requires less entities and classes than 223P

http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns#type

bldg:RM_1004_CO2

brick:hasPoint

brick:hasPoint

brick:hasPoint

leargfl 999/02/22-rdf syntax-ns#type

brick:hasPoint

brick:hasPoint

brick:hasPeint

brick:hasPeint

brick:hasPeint

http://www.w3.0org/1999/02/22-rdf-syntax-ns#type

http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns#type

BT g 199902722 rdEsyntax ns#tynl bldg:RM 1002 MD

http:/www.w3.org/1999/02/22 rdf syntax-ns#type

brick:hasPoint

brick:hasPoint

brick:hasPoint

brick:hasPoint

brick:hasPoint

bldg:RHV 04
bldg:RHV_05

http:/fwww.w3.0org/1999/02/22-rdf syntax-ns#type

http://www.w3.org/1999/02/22-rdf-syntax-ns#type

http:/www.w3.org/1999/02/22 rdf syntax-ns#type

http:/www.w3.org/1999/02/22 rdf syntax-ns#type

bldg:RM_1002_RMT

bldg:RM_1005_MD
=R D

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf syntax-ns#type
http://www.w3.0rg/1999/02/22-rdf syntax-ns#type

http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns#type

http:/fwww.w3.0rg/1999/02/22-rdf syntaxns#type

‘
\\

http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type brick:CO2_Level_Sensor

http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns#type

bldg:RM_1002_DAP

http://www.w3.org/1999/02/22-rdf syntax-ns#type

http://www.w3.0org/1999/02/22-rdf-syntax-ns#type

http:/fwww.w3.0org/1999/02/22-rdf syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
http://www.w3.0rg/1999/02/22-rdf syntax-ns#type

brick:Discharge_Air_Flow_Sensor

http://www.w3.0rg/1999/02/22-rdf syntax-ns#type

bldg:RM_1001_CO2

bldg:RM_1001_DAP

bldg:RM_1003_RHV_CMD http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns#type

bldg:RM 1004 RHV_CMD

http://www.w3.0rg/1999/02/22-rdf syntax-ns#type
S J
% brick:Reheat_Valve

bldg:RHV 02

bldg:RHV_01

brick:hasPoint

http://www.w3.org/1999/02/22-rdf syntax-ns#type

bldg:RM_1005_RHV_CMD

brick:hasPeint

brick:hasPeint

http://www.w3.0rg/1999/02/22-rdf syntax-ns # type

brick:Position Command
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type -

bldg:RM_1002_RHV_CMD

http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns#type

bldg:RM_1001_RHV_CMD



Semantic Data Modeling with RDF & ASHRAE 223P

- A Cooling Only VAV in s223P and RDF

) Physicalspaco
e 3.0rg/1999/02122 rdf syntax s #type = o
ey Bptice e pace > i Physicalspace Hvac Domain
223 hasDomainSy mysystem PhysicalSpace bvac domain A2 T e i
hDomainSpace e mysysten: vaodomatn — — e
223 my:

N )

Zone

5223:hasDomain

e i s Domain HVAC
G T

5223-hasDomain

qudthasQuantityKind

5223 hasProperty
t:hasUnit
rdfs-label

s223-enx

s223mapsTo

" mysystemVAVCoolingOnly damper-in ;T_/J_/}

rdfs-label
Vavcaalingonty Damper In

23 SingloDuctTorminal >

/
/ //—’fj__f_-_..lﬂv\
i L

" mysystom PhysicalSpace hvac domainin___>
Sk o<

rdfs dabel

*{ Vavcoolingonly Duct After Damper

1999/02/

Physicalspace Hvac Domain Out

2

T— L)

rdfs:label

ttp/fwww w3, org/1999/02/22 df syntax ns#type
5223:hasMedium

Vaveoalingonly Duct Before Damper

5223 hasMedium

T s223haMedum
Physicalspace Hvac Domain In

5223 hasMedium

rdfs:label

rdfs:label

223:hasMedium

s223-enx

betpfwwww3 org/1999/02/22 df syntax ns #type /\

———#c"" mysystem-vav-supply-to-room-connoction

223 hasMedium 223:Fluid-Air

‘5223 InlotConnection]

>

nt_

——[iin]

rdfs-label

<223-cox

$223:hiasMedium
i

/ 5223:hasMedium

5223 /hasProporty

rdfs-label

< mysystom:VAVCaolingOnly

s223:enx

iyaystem-VAVCoolingOnly-out X,

5223:mapsTo

5223 contains

hitpliwwewwd.org/1 9990222 rdfsyntaxnagtype (8223 Damper

5223:0fModium

Vav Supply To Room Connection

rdfilabel

rdfelabel
a . ¢ auiakMoleFraction >
qudthasUnit ‘—;*/
rdfslabel -xj:@

S — Vaveoolingor {
336 Damper Vavooolingonly Damper Out bitp-fwww w3 org/1 999002122 rdf syntax ie Fype vooalingouly O i 223 ofSubstance
e 56 Danpe w22 sCtmeerictcain = . i
= S —— A ca . e
- = i — — il syntaxns#type — i point > T >

& i = __mysystem amper-out 2

rdfs-labol - Damper Position
- per

e
e — T T

httpfwwwwd, 22 rdf syntaxns#type

i 323 hasProperty — — T
\a rdfs-label > aysystem:VAVCoolingOnly-damper-position

5223 hasProperty

s223:nctuates

5223:hasProperty

qudthasUnit unit FT3PERMIN >

223:0bserves

— a5 Semer D

unit:PERCENT

999/02/22-rdl-
qudthasUnit

by

qudthasQuantityKind S —
qudthasQuantityKind ____ —=we—

rdfs:label
.

5223:Binary Position >

e e et
" mmysystem:VAVCoolingOnly damper-actuator S
ey e o, S s2¥acustedByProperty

rdfs-label

Vaveoolingonly Damper Actuator

WO— Outalogy >

e, eds labol
ﬁﬁ—w =I\:I
5 utpiidata sshroe orglstandard 2231 Ofmodeliall__——>

bttpfiwww.w3.0rg/1999/02/22 df syntax ns Ftype

3223 QuantifiableActuatableProperty

Namespaces
36: http:/fdata ashrae. org/standard223/1.Ojextensions/g361#
mysystem: hitp/idata.ashrae.orgistandard223/1.0/data/guideline36 2021 A-1#
‘owk: Betp./fwww.w: 002107 /owit
qudt: hitpyiquat. orgischemaldqudl/

qudtak: httpi/fqudt org/vocablquantitykind/
refs; hitp/fwww.w3.org/2000/0 1 jrdf schoma &

223: hittp:/jdata. ashrae org/standard2232

unit: bitpJ/qudt.orgivocablmit/

e wibiaba

Vavcoolingonly Discharge Air Flow

223 Rola Discharga

223 hasAspect

qudt-hasQuantityKind

udtakcVolumeFlowRata >




Semantic Data Modeling with RDF & ASHRAE 223P

'}% A Cooling Only VAV in s223P and RDF

rdfs:label Physicalspace

mysystem:PhysicalSpace http://www.w3.0rg/1999/02/22-rdf syntax-ns#type > 5223-Physic d@ o dabel Thslera i D |

s223:encloses

. N s223:cnx e . .
s223:hasDomainSpace mysystem:PhysicalSpace-hvac-domain http i/ 3 prgll 999/ 0222 TaE aymtan s iy o wl’hys1calSpace—hvac-domam—out

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type @ s223:cnx s223:DomainSpace
http://www.w3.0rg/1999/02/22-rdf syntax-ns#type $223 HESDGHALR mysystem:PhysicalSpace-hvac-domain-in <

mysystem:zone rdfs:label =|] Zone s223:Domain-HVAC

e, qudtgk:Temperature
qudt:hasUnit »( unit:DEG_C
rdfs:label

Zone Temp

s223:hasDomain

s223:hasProperty

mysystem:zone-temp

s223:cnx mysystem:VAVCoolingOnly-in

s223:mapsTo




Semantic Data Modeling with RDF & ASHRAE 223P

"4& A Cooling Only VAV in s223P and RDF

s223:cnx

http://www.w3.0rg/1999/02/22-rdf syntax-ns#type
s223:cnx
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type @
rdfs:label
ﬁl‘ Vavcoolingonly
s223:cnx

s223:contains

s223:Damper

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type g36:Damper
. y s223:cnx 5 "
mysystem:VAVCoolingOnly-damper mysystem:VAVCoolingOnly-damper-out
s223:hasProperty = e i o

rdfs:label mysystem:VAVCoolingOnly-damper-position x-_~

s223:actuates (

s223:hasProperty Vavcoolingonly Damper

mysystem:VAVCoolingOnly»discharge-air»‘f]oﬂD

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type » s223:Actuator

mysystem:VAVCoolingOnlyvdampm
s223:actuatedByProperty

rdfs:label

WAVCoolingOnly-dampm

=]| Vavcoolingonly Damper Actuator




Semantic Data Modeling with RDF & ASHRAE 223P

A Cooling Only VAV in s223P and RDF

s223:Damper
—@VAVCoohngOnly-damper out =

_ rdfs:label Vavcoolingonly Damper Position

wm VAVCoolingOnly-damper- p051tlon\L

T Vavcoolingonly Damper

>
o’

s223:mapsTo / » mysystem:VAVCoolingOnly-out

rdfs:label

»

Vavcoolingonly Damper Out

s223:hasObservationLocation
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

s223:observes

mysystem:VAVCoolingOnly-discharge-air-flow-sensor || http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

qudt:hasUnit s223:Sensor
\ qudt:hasQuantityKind
'@m:VAVCoolingOrﬂy-damper-cm

qudt:hasUnit

> qudtgk:DimensionlessRatio
qudt:hasQuantityKind
rdfs:label
Vavcoolingonly Discharge Air Flow Sensor

rdfs:label

Vavcoolingonly Damper Command

s223:hasAspect

o s223:Binary-Position
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
5223 :QuantiﬁableActuatabl@




Semantic Data Modeling with RDF & ASHRAE 223P

< A Cooling Only VAV in s223P and RDF

) s223:hasMedium 993 oiMediiin
Vav Supply To Room Connection

e
p\ rdfs:label
mysystem:zone-co2-concentration qudt:hasQuantityKind qudtglcMolakraction

qudt:hasUnit
=

rdfs:label
» Vavcoolingonly Out
pe \
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

s223:0fSubstance —» Zone Co2 Concentration
s223:0utletC onnect@
\

3223:Quantiﬁable0bservableP@
Pe

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
> qudt:hasUnit

—@em:VAVCoolingOnly-discharge—air-ﬂoh
rdfs:label

s223:hasAspect

qudt:hasQuantityKind s223:Role-Discharge
w:VolumeFlowRate

s223:Constituent-CO2

# Vavcoolingonly Discharge Air Flow




Semantic Data Modeling with RDF & ASHRAE 223P

Vavcoolingonly Duct After Damper

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
http://www.w3.org/1 999/02/22—rd.f—syntax—ns#typ

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

.:3 A Cooling Only VAV in s223P and RDF o

Physicalspace Hvac Domain Out

rdfs:label
@VAVCoohngOnly—duct—after—damper
s223:hasMedium

rdfs:label

Vavcoolingonly Duct Before Damper

/[www.w3.0rg/1999/02/22-rdf-syntax-ns#type

s223:Connection

@AVCoolingOnly—duct—before—damper
s223:hasMedium

s223:cnx
= mysystem:room—return—tO'VaV‘m http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
rdfs:label

Room Return To Vav Connection

s223:hasMedium
s223:hasMedium
rdfs:label »{ Physicalspace Hvac Domain In httpywww.w3.0rg/1999/02/22-rdf-syntax-ns#type \
s223:hasMedium
s223:cnx
> mysystem:vav—supply—to—room—conr@ 8223 hasMadium: e
: s223:Fluid-Air

fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type
s223:hasMedium
s223:InletConnectionPoint

rdfs:label
» Vavcoolingonly In

s223:cnx

fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type
fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type




BACnet RDF

* Provides a path for combining BIM and BACnet (and everything between)
« Demonstrates the importance of linking metadata to dynamic assets

135-2024c7-1 BACnet Resource Description Framework
Rationale

While the SI-WG (ASHRAE 223p) is developing an RDF data model that can be used to build a graph of building equipment
with interconnected components, these views are created for human interpretation and not necessarily machine readable.

This addendum describes the serialization of primitive data elements and constructed data using RDEF.

[Change Clause 3.3, pg. 21]

RBAC role-based access control
RDF resource description framework
REQ request primitive



BACnet RDF

ZZ7.1 Example Object

The following example illustrates an Analog Input Object using the bacnet:object-type property to reference the
ObjectType enumeration.

<ex:alo-1> bacnet:object-type bacnet:0bjectType.analog-input ;
bacnet:object-identifier "analog-input,1l" ;
bacnet:object-name "OAT" ;
bacnet:description "Outside air temperature"

ZZ.2 Example Binary Value Object

The following example illustrates a Binary Value Object using rdf:type to describe the type of RDF node. The
bacnet:object-type property value can be inferred.

<ex:bv-2> rdf:type bacnet:BinaryValueObject ;
bacnet:object-identifier "binary-value,2" ;
bacnet:object-name "OCCENAB" ;
bacnet:description "Occupancy control enabled" ;
bacnet:present-value bacnet:BinaryPV.active ;
bacnet:out-of-service false ;
bacnet:event-state bacnet:EventState.normal



A Simple Application of BACnhet RDF with Brick

Example:
VAV + Reheat

http:ffwww.w3.org/1999/02/22-rdF syntax-ns# type

bldg-AHU_01

brick:feeds

brickeisLocationOf

brickisFedBy

org/1999/0

brick-hasPart.

bldg:RM_1001 brick-isLocationOf

brick-isLocationOf

http:ffwww w3.org/1999/02/22 rdf syntax-ns#type

e

brick-hasPaint.

refhasExternalReference

Ittpfevvvw s org/ 1999/02/22 pdbayntarnaf ype brick:Zone_Air Temporature Sensor

o101 T

. org/1999/02/22-rdf

brick-hasPoint

brick-hasPoint

Bldg:RM_1001_DAP

#type.

.org/1999/02/22-rdF sy brick:Discharge_Air_Flow_Sensor

brick:CO2_Level Sensor

Tittp:lfwww. w3, 0rg/1999/02/22-rdF syntax-ns# type

refhasExternalReference

bldg:VAV_01

bldg:DMP_01

bldg:RHV_01

brick-hasPaint

brick-hasPoint

0rg/1999/02/22-rd

http:ffwww w3.org/1999/02/22-rdfsyntax-ns#type

¥

bldg-RM_1001_CO2

ref:BACnetURI

bacnetohjoctOf

rof: BACnetURI
bacnet:objectOf

http:/www w3.0rg/1999/02/22-rdf-

ref: BACnetURI

_HsimflulfAllnz

Hsite/101/AT101

Hisita/101/A1103

hittp:ffwwwiw3.org/1999/02/22 rdf syntax ns # type

ldg:RM_1001_MD ref hasExternalReference

bacnet:objectOf

Tittp-liwww. w3, org/1 999/02/22-rdF syntax ns # type

brick:Occupancy_Sensor

bldg:RM_1001_DMP_CMD

refhasExternalReference

#type

org/1999/02/22-rdFsy #ryp

brick:Damper_Position_Command

brick-hasPoint

 Valve

httpi/fwwww3.org/1999/02/22 rdf syntax ns #type

bldg:RM_1001_RHV_CMD ref hasExternalReference

Tittp-/fwww.w3 org/1999/02/22 rdf syntax-ns# type
ref:BACnetURI

bacnet-objectOf

http:/fwvrw w3 org/1999/02/22 rdf syntax-ns # type,

ref:BACnetURI

bacnet:objectOf

TPET]

w3.org]

Namespaces:
bacnet: httpe:/idata.ashras.org bacnel/2020#
bldg: http:/fwww.mybuilding.com#
brick: https:/brickschema.org/schema/Brick#
Tec: https:/iw3id.org/rec#

ref:

ref: BACnetURI

‘ ref:BACnetReference
Lsite/101/BI101

Nisite/101/A0101

'-l lisite/101/A0102

brick:BACnet_Controller



A Simple Application of BACnhet RDF with Brick

VAV + Reheat

brick:hasPoint ref:hasExternalReference

bldg:RM_1001_RMT http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

-

http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type ref-hasExternalReference

ick: i bldg:RM_1001_DAP
http://fwww.w3.0rg/1999/02/22-rdf syntax-ns#type @ ' brick:hasPoint

http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type

bldg:AHU 01 — http://www.w3.0rg/1999/02/22-rdf syntax-ns#type
brick:feeds
S - bldg:VAV_01 brick:hasPoint bldg:RM_1001_CO2 ref:hasExternalReference
brick:isLocationOf - brick:hasPoint - —
brick:isFedBy bldg:RM_1001_MD ref:hasExternalReference
- - http://www.w3.0rg/1999/02/22-rdf syntax-ns#type
http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#t
bldg:Floor_ 1 brick-hasPart brick:hasPoint bldg:RM_1001_DMP_CMD ref:hasExternalReference
brick:isLocationOf ’

»(_ bldg:RM 1001

»( bldg:DMP 01

brick:isLocationOf http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

brick:Damper
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type
R X brick:Reheat_Valve
brick:hasPoint -

bldg:RM_1001_RHV CMD

http://www.w3.0org/1999/02/22-rdf syntax-ns#type bldg:RHV_01

http:/fwww.w3.0rg/1999/02/22-rdf-syntax-ns#type

ref:hasExternalReference

| | |
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A Simple Application of BACnhet RDF with Brick

%’E VAV + Reheat

brick:hasPoint ref:hasExternalReference

bldg:RM_1001_RMT http://fwww.w3.0org/1999/02/22-rdf-syntax-ns#type >

http://www.w3.0org/1999/02/22-rdf-syntax-ns#type ref:-hasExternalReference

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type e

k- i bldg:RM_1001_DAP
http://www.w3.0rg/1999/02/22-rdf syntax-ns#type brick:AHU brick:hasPoint -
. o http://www.w3.0rg/1999/02/22-rdf syntax-ns#type
bldg:AHU_01 brick:feeds
> bldg:-VAV 01 brick:hasPoint blda:-RM 1001 CO2 ref:hasExternalReference
brick:isLocationOf g - brick-hasPoint - gR -
brick:isFedBy bldg:RM_1001_MD ref:hasExternalReference

http:/fwww.w3.0org/1999/02/22-rdf-syntax-ns#type

bldg:RM_1001

brick:hasPoint

ref:hasExternalReference

bldg:RM 1001 DMP CMD

. http://[www.w3.0org/1999/02/22-rdf-syntax-ns#type
. rdf- = bldg:RHV 01 b g Y yP
http:/fwww.w3.0org/1999/02/22-rdf-syntax-ns#type g _ E— - brick:Reheat_Valve

brick:isLocationOf
brick:isLocationOf

Y

bldg:DMP 01

http://www.w3.0rg/1999/02/22-rdf syntax-ns#type http:/fwww.w3.0rg/1999/02/22-rdf syntax-ns #type

http:/fwww.w3.0org/1999/02/22-rdf-syntax-ns#type
@ bldg:RM_1001_RHV_CMD ref:hasExternalReference
\ ) \ J
| |
Equipment Control Points

& Components & Classifications



A Simple Application of BACnhet RDF with Brick

ref:hasExternalReference

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

ref:BACnetURI

;/ bacnet:ohjectOf
N
http://www.w3.0org/1999/02/22-rdf syntax-ns#type

//site/101/A1102

ref:hasExternalReference

> brick: ZoneiAiriTempera@

ref:BACnetURI | //site/101/AI101

http://www.w3.org/1999/02/22-rdf'syntax-ns#type

http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type

ref:hasExternalReference

bacnet:objectOf

http://www.w3.0org/1999/02/22-rdf syntax-ns#type

T

ref:BACnetURI » //site/101/AI103

brick:CO2_Level Sensor

brick:Discharge Air Flow Sensor

bacnet:ohjectOf

»_ bldg:DEV101

s

P ! VAV + Reheat

o http:/fwww.w3.org/1999/02/22-rdf-syntax-ns#type
N
: bacnet:ohjectOf
ref:hasExternalReference __f N ref:BACnetReference
http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type A\ http://www.w3.0org/1999/02/22-rdf-syntax-ns#type
ref:BACnetURI
brick:0Occupancy Sensor //site/101/BI101
ref:hasExternalReference — bacnet:objectOf
http:/fwww.w3.0rg/1999/02/22-rdf syntax ns#type o http:/fwww.w3.org/1999/02/22 rdf syntax-ns#type
brick:Damper Position Command ref:BACnetURI Jisite/101/A0101
bacnet:objectOf
http://www.w3.org/1999/02/22-rdf'syntax-ns#type » brick:Position_Command
ref:hasExternalReference ttp:/fwww.w3.org/1999/02/22-rdf syntax-ns#type
a
R ref:BACnetURT /isite/101/A0102

| |
Point Classifications BACnet Objects

http://www.w3.0rg/1999/02/22-rdf syntax-ns#type _ brick:BACnet_Controller

[
BACnet Controller



ASHRAE Guideline 36 with Standard 231

Guideline 36
Sequence of Operations

(=}
iy
®
®
®
®

Al
SUPPLY
o ()
DAMPER
@[] ®® ® [o][v]
ZONE LOCAL ZONE ZONE ZONE ZONE ZONE
SETPT OVERRIDE TEMP  CO2 HUMIDITY WINDOW OCC.
ADJ. SWITCH SENSOR
Figure A-1 VAV terminal unit, cooling only.
555.1. When the Zone State is cooling, the cooling-loop output shall be mapped to the active airflow
sctpoint from the minimum endpoint to the cooling maximum endpoint.
a. If supply air temperature from the air handler is greater than room temperature, the active airflow
setpoint shall be no higher than the minimum endpoint.
5.5.52.  When the Zone State is deadband, the active airflow setpoint shall be the minimum endpoint.

5.5.5.3. When the Zone State is heating, the Heating Loop output shall be mapped to the active airflow
setpoint from the minimum endpoint to the heating maximum endpoint.

a. Ifsupply air temperature from the air handler is less than 3°C (5°F) above the room temperature,
the active airflow setpoint shall be no higher than the minimum endpoint.

5.554. The VAV damper shall be modulated by a control loop to maintain the measured airflow at the
active setpoint.
5.5.6. Alarms
55.6.1. Low Airflow
a. If the measured airflow is less than 70% of setpoint for 10 minutes while setpoint is greater than
zero, generate a Level 4 alarm.
b. If the measured airflow is less than 50% of setpoint for 10 minutes while setpoint is greater than

zero, generate a Level 3 alarm.

¢. Ifa zone has an Importance-Multiplier of 0 (see Section 5.1.16) for its static pressure reset T&R
control loop, low airflow alarms shall be suppressed for that zone.

Control Description Language
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TCooSet

THeaSet

Standard 231
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https://simulationresearch.lbl.gov/modelica/releases/latest/help/Buildings Controls OBC ASHRAE G36 TerminalUnits CoolingOnly.html#Buildings.Controls.OBC.ASHRAE.G36.TerminalUnits.CoolingOnly
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ASHRAE Guideline 36 with Standard 231

Cooling Only VAV in S231 (Control Description Language)
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ASHRAE Guideline 36 with Standard 231

Cooling Only VAV in S231 (Control Description Language)

1
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What Can We Do When Semantic Data Models

are Embedded in Typical Workflows?

Rapidly configure control graphics and graphical user interfaces (GUI)

« Rapidly configure analytics from public (or semi-public) libraries

» Improve single-pane-of-glass data aggregation from multiple protocols and application programming
interfaces (API)

* Provide normalized context with ontological definitions of the assets in a system to LLM-powered Al
systems

Function Block/Code Generation in Target

Semantic Data Snippet Aggregation Environment

Application System Modeling

Ideation (e.g., ASHRAE (e.g., ASHRAE

(e.g., ASHRAE 223P) 231/CDL) 135/BACnet)




Links for Context

« ASHRAE Standard 223P Examples: https://models.open223.info/
« Can be rapidly viewed here: htips://www.Idf.fi/service/rdf-grapher

« ASHRAE Standard 231 Examples of ASHRAE Guideline 36:
https://simulationresearch.lbl.gov/modelica/releases/latest/help/Buildings
Controls OBC ASHRAE G36.html#Buildings.Controls. OBC.ASHRAE.G3
6



https://models.open223.info/
https://www.ldf.fi/service/rdf-grapher
https://www.ldf.fi/service/rdf-grapher
https://www.ldf.fi/service/rdf-grapher
https://simulationresearch.lbl.gov/modelica/releases/latest/help/Buildings_Controls_OBC_ASHRAE_G36.html#Buildings.Controls.OBC.ASHRAE.G36
https://simulationresearch.lbl.gov/modelica/releases/latest/help/Buildings_Controls_OBC_ASHRAE_G36.html#Buildings.Controls.OBC.ASHRAE.G36
https://simulationresearch.lbl.gov/modelica/releases/latest/help/Buildings_Controls_OBC_ASHRAE_G36.html#Buildings.Controls.OBC.ASHRAE.G36
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