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(57) ABSTRACT

Systems and methods for HVAC system design and zone
group management are disclosed. A floor plan of a building
is received, and an HVAC system configuration is selected
from among a set of template HVAC configurations. HVAC
components are selected from set of template HVAC com-
ponents to customize the configuration. As components are
selected, candidate positions for the HVAC component
within the HVAC system configuration are determined and
presented to a user to ensure compliance with engineering
requirements. The floor plan includes a mapping of an
HVAC system configuration to an HVAC zone group. If a
change is made to the HVAC system configuration of a zone
associated with a zone group, it is determined if another
zone group shares the same properties as the changed HVAC
configuration. If one exists, the changes zone is moved to the
new zone group. If not, a new zone group is created and the
changes zone is moved to the new zone group.
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/305

RULES-BASED SCHEMATIC HVAC SYSTEM CREATION

v

—-310

USER SELECTS COMPONENTS/CONTROLS/
TERMINAL DEVICE FROM SYSTEMS/PLANT STENCIL

v

/315

CODE THEN TRIGGERS A METHOD TO
RUN THE RULE SET FOR SELECTED STENCIL

v

~-320

EACH STENCIL HAS A UNIQUE STENCIL SHAPE
PART NAME/ID. IN-HOUSE DEVELOPED XML FILE HAS
PREDEFINED RULES FOR EACH STENCIL. EAGH STENCIL
HAS A MAPPING TO STENCIL GONFIGURATION/
PLAGEMENT LOCATION FOR THAT SPECIFIC
CONFIGURATION/ MAXIMUM GOUNT FOR EACH STENGIL.
ALSO BUSINESS RULES RELATED TO SIMULATION
ENGINE FOR EACH STENCIL ARE STORED IN
DATABASE FROM XML FILE

v

/325

METHOD RETURNS SET OF RULES FOR THAT
STENCIL AND AVAILABLE LOCATIONS

330

/335

ARE
THERE ANY
AVAILABLE
LOCA;IONS

LOCATION IN
DIAGRAM IS NOT
HIGHLIGHTED

/340

LOCATIONS ARE SHOWN FOR USER TO SELECT

v

/345

USER SELECTS LOCATION TO PLAGE THE STENCIL

v

/350

OTHER BUSINESS LOGIC SPECIFIC TO THE CALCULATION
ENGINE ARE PROCESSED (E.G. BASED ON CERTAIN
SELECTIONS COMPONENTS GETS GREYED OUT)

v

/'355

COMPONENTS/CONTROLS/TERMINAL DEVIGE ARE PLACED
IN USER SPECIFIED LOCATION. EXISTING DIAGRAM IS READ,
AND USER SELECTED STENCGIL IS CONNECTED THROUGH
LINE SEGMENTS USING NEVRON PORTS

FIG. 13
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! /410

USER ADDS A SYSTEM/ASSIGN ZONES AND NAVIGATES TO
CONFIGURE ZONE EQUIPMENT SCREEN. DEFAULT EACH
SYSTEM WILL HAVE ONE ZONE GROUP

1 415

USER ADD/DELETES A ZONE LEVEL EQUIPMENT (OR)
CHANGE TERMINAL DEVIGE TYPE FOR EACH ZONE (OR)
ZONE GROUP

1 /’420

XML FILE HAS PREDEFINED RULES FOR EACH STENCIL.
EACH STENCIL HAS A MAPPING TO SYSTEM TYPE/MAXIMUM
COUNT AND OTHER BUSINESS LOGIC RELATED TO
SIMULATION ENGINE. LOADED INTO DB

7 /425

WHEN USER CLICKS A STENCIL, FIND A
MATCH FROM DB TO SELECTED STENCIL TYPE

430
NO

FIND A
MATCH FOR THE

/‘435

SELEgTION

YES

NO ICON SHOWED IN
TREE AND UNITY
SCREEN

BASED ON STENCIL EITHER REPLACE/ADD/DELETE IS
SHOWN IN TREE AND UNITY SCREEN. USER ACTION ON TREE
OR UNITY WILL TRIGGER THE REPLACEMENT/ADDITIONAL/
DELETION

/440

T ~— 445

USER ADDS/DELETES/CHANGES A TERMINAL
DEVICE/ZONE EQUIPMENT

7 /‘450

DETERMINE IF THE COLLECTION OF ZONES IN ZONE GROUP
HAVE SIMILAR CHARACTERISTICS (SAME TYPE/SAME
NUMBER OF ZONE LEVEL EQUIPMENTS AND ALL THE

PROPERTIES ARE SAME)

455
COLLECTION
(ZONE GROUP)HAS SAME
CHARACT?ERISTICS

ZONE GROUP REMAINS
THE SAME WITH SAME TREE
STRUCTURE AND UNITY
SCREENS NOT UPDATED

YES

465

SIMILAR ZONES ARE GROUPED TOGETHER AND UPDATED

IN TREE AND UNITY SCREEN

FIG. 14




US 2023/0251676 Al

Aug. 10, 2023 Sheet 15 of 18

Patent Application Publication

Gl 'Ol ) - .
SINVTd/WILSAS
nE T3C0N NOYA
(ST XIN) I3LSAS AVMV SILYDIAYN
STIONILS NOHAIN . T
SINY1d/SINILSAS RETTTER m_m_hq@n_: Sl
HITIOHLNOD SINOILYQITYA Iy IvdIVIA d3LITTIS
INYId/WALSAS | [ 'S3ILH3JOHA/WYHOYIA SINOILYJOT
(5374 T0¢) : INYTd/WILSAS IAYS D.H_Eo:n@f ANY
(8374 W) SI9VINI <
RS | || s e T EsTooE || | | S
» NOLLYIHIAOIN DINYNAQ 34Y SLHOIHIMH
WyHDYI NOHAIN »  'HY4100L NO
aanorg I NONALS
3 NOYAIN| 4dM
| S3IN4 ININOdWOD ETRERES
TNX 0L 03ZITYIH3S | INYId/WILSAS 139 SI AH093LYY
34V STTH XIN » J9NO 441001
NI NMOHS TIONLS
(S103ra0 NOUAIN INYId/NALSAS
- N » HO4 IZVI43SI0) 90 4
NOYHd TIONALS 139 AHYHE
08 » SINYTd/SWILSAS
S19773$ H3sn
AH0931¥9 NO 43Sve 3
> AVYOYIQ NYILLYd
_ SINYI/WILSAS 13D 91907 SN7d
399V VIva | ag 39vHL
. S ( \ ( \
0eg—"  HIAYISSINISNE 02— HIAYT SSINISNG 01G—" HIAYTNOILYINISIHd
008



1 n
< Y91 "9I4
% 4 N\ 4 ™
s
[T 9]
o 1] 13aow
- W3LSAS (SLSIX3 1141 SINY1d
m ; mz<wazmﬁm
aQ 139 W3ILSA
z (W)« ‘avL ININdINDI INOZ
HITI0HLNOD 3UN9IND NOH4
- INYTd/WILSAS AYMY STLYOIAYN
= ) IINCOW INVTd 1
© (STTH XIN) 11vadn S1SIX3 S3l1H3d04d dN0dH
5 STIONILS NOHAIN < INVId I d10YD ¢ (OZINOZ 0
g SINVI/SIALSAS INOZ/ANOZ 03Lyadn H0) ALINM H0) 3341
m\hu HLIM WALSAS JAVS HONOYHL (ONILYadn
- /ONIL3TIa/ONIaaY)
9 NOILYDHIAOI NOYAIN|4dm
S HO4 TIONLS
< p dnoyo NOYAIN NO M9I19
= WX 0L 03ZITV143S INOZ/ANDZ 3Lvadn any M3IIA 3391 NI
ep 34Y SITXIN » INOZ (40) dNOYH
< INOZ S19373S H3Isn
5 ) . L HIO9HL WHLIH0IY |, m,w
3 dNOH IN0Z ININAIND3 INOZ
S 1058 »  34NIHNOI 0L
2 SILY9IAYN HISN
& 3dAL WILSAS %
S — » NO (3Svd STINILS
= NOYAIN INILSAS 139 91907 SN1d
S 5309V vivd || ag 30v4L
Am L JEAN J L Y
N 09— HIAY1 SSIANISNE 029—" HIAYT SSANISNE 019— HIAYT NOLYINISIdd
[P
£ 009



US 2023/0251676 Al

Aug. 10, 2023 Sheet 17 of 18

Patent Application Publication

491 914

4 13 )¢ _ _ ™
dN0Y9 IN0Z GIHOLYIN IN0Z IN3HHND
31 QLN INDZ a0y ONY dn0HD
LN3HHND ININ0D IN0Z M3N 31¥34
s34
dN0YY N0
GETY
HLIA dNOH 3NOZ E N
INFHN 3NIEWOD o

03HOLYIN
dnoy9
ANOZ

(WHLIH09TY)
21901
NOSIHVAINQ)D

SdfNoYI INOZ
o LNFd34410 NIIMLFE]

NOSIdvdIN0D
HONOYHL 40071

INOZ 03HICOW

JHL 139

dnoYY 3INOZ 3HL 40
ANOZ LSHId 3HL 139

d3Id0N
ANOZ/dN0Y9
ANOZ

/

WHLIH09TY dNOYY INOZ



Patent Application Publication  Aug. 10, 2023 Sheet 18 of 18  US 2023/0251676 Al

}/" 700
705~
710~ 740
PROCESSOR INTUESREFIE\CE

720~ /750
ooy oo

730~
STORAGE

| | l |
PRESENTATION RULES ENGINE LOGIC ENGINE DATABASE
60— 770~ 780" 790"

FIG. 17



US 2023/0251676 Al

HVAC SYSTEM CONFIGURATION AND
ZONE MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Non
Provisional application Ser. No. 16/564,212 entitled,
“HVAC SYSTEM CONFIGURATION AND ZONE MAN-
AGEMENT” and filed Sep. 9, 2019, which is a continuation
of U.S. Non Provisional application Ser. No. 15/487,207
entitled, “HVAC SYSTEM CONFIGURATION AND
ZONE MANAGEMENT” filed Apr. 13, 2017, now U.S. Pat.
No. 10,409,305 issued on Sep. 10, 2019, which claims the
benefit of and priority to U.S. Provisional Application Ser.
No. 62/451,742 entitled “HVAC SYSTEM CONFIGURA-
TION AND ZONE MANAGEMENT” and filed Jan. 29,
2017, the entirety of which is hereby incorporated by
reference herein for all purposes.

BACKGROUND

1. Technical Field

[0002] The present disclosure is directed to modeling and
designing complex HVAC systems, and in particular, to
systems and methods for simulating HVAC component
sizing, energy consumption, and economic factors to opti-
mize HVAC component selections and interconnections
used to configure an HVAC system.

2. Background of Related Art

[0003] HVAC system installations can range from resi-
dential systems which typically have an outdoor unit and an
indoor unit connected by a single refrigerant circuit, and
controlled by a single thermostat, to commercial systems
which may include multiple variable air volume (VAV)
boxes, chiller plants, rooftop units, variable refrigerant flow
(VRF) systems, and convectors under the control of a highly
customized building automation system (BAS). Consider-
able resources and technical expertise are required to design
and build an HVAC system, particularly in the case of
commercial buildings having many rooms which may have
different climate control requirements. Modern HVAC sys-
tems are expected to be efficient, flexible, and meet rigid
energy usage requirements. HVAC system requirements
may differ based on the local climate and zoning regulations.
As a result, computer-implemented HVAC design and mod-
eling methods have been employed to assist the HVAC
design engineer in planning, designing, specifying, and
installing an HVAC system. Such systems may have draw-
backs because as the number of HVAC components used in
the system increases, the design decisions faced by the
design engineer while keeping track of the many technical
requirements of each component quickly becomes unman-
ageable, leading to a non-optimal design. An HVAC design
and modeling tool that provides useful, improved features in
an efficient and easy-to-use manner would be a welcome
advance.

SUMMARY

[0004] In one aspect the present invention is directed to a
method for constructing an HVAC system for a structure,
such as a building, having distinct thermal zones. The
method defining the structure and defining an HVAC topol-
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ogy included in the structure. Common elements of the
HVAC topology associated with a distinct thermal zone are
identified, and a zone group comprising distinct zones
sharing similar common elements and thermal properties is
defined. The zone group is modified if at least one distinct
zone of the zone group no longer shares common elements
with at least one other distinct zone of the zone group. A set
of HVAC parameters for the structure is generated.

[0005] In some embodiments, defining the HVAC topol-
ogy included in the structure includes defining one or more
HVAC components included in the structure. In some
embodiments, defining an HVAC topology included in the
structure includes defining an interconnection between one
or more HVAC components included in the structure. In
some embodiments, the modifying the zone group includes
removing from the zone group the distinct zone that no
longer shares common elements with at least one other
distinct zone of the zone group, and adding the removed
distinct zone to a different zone group comprising distinct
zones sharing similar common elements with the removed
distinct zone. In some embodiments, defining an HVAC
topology included in the structure includes providing a set of
pre-defined characteristics of an HVAC component, wherein
the pre-defined characteristics include a configuration rule
and a simulation rule. A representation of a distinct thermal
zone is inserted into a zone tree. The HVAC component is
joined to at least one other HVAC component in the distinct
thermal zone, if any, based upon the pre-defined character-
istics of the respective HVAC components. In some embodi-
ments, the set of pre-defined characteristics of an HVAC
component are expressed in an extensible markup language.
In some embodiments, inserting the representation into a
zone tree representative of a distinct thermal zone includes
storing the configuration rule and the simulation rule in third
normal form.

[0006] In another aspect, a method for constructing an
HVAC system model of a structure having distinct thermal
zones is disclosed. The method includes defining the struc-
ture, defining a plurality of HVAC components included in
the structure, defining interconnections between two or more
of the plurality of HVAC components included in the
structure, identifying a further HVAC component to be
inserted into an interconnection of the structure, and iden-
tifying a candidate interconnection into which the further
HVAC component may be inserted.

[0007] In yet another aspect, method for manipulating
HVAC system configurations is disclosed. The method
includes displaying a plurality of HVAC system configura-
tions in a viewer executing on an electronic device having a
graphic display, receiving, at the electronic device, a user
selection of HVAC system configuration displaying the
selected HVAC system configuration in the viewer display-
ing a plurality of HVAC components in the viewer; receiv-
ing, at the electronic device, a user selection of a HVAC
component applying a rules-based engine to determine the
possible locations within the HVAC system configuration
where the selected HVAC component may be placed; and
displaying the possible locations the selected HVAC com-
ponent may be placed on the HVAC system configuration in
the viewer.

[0008] In still another aspect, the present disclosure is
directed to a computer-implemented method for configuring
a heating, ventilation, and air conditioning (HVAC) system
of'a building. The method includes receiving, by a processor,
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a floor plan of the building; receiving, by the processor, an
HVAC system configuration selected from among a set of
template HVAC configurations; receiving, by the processor,
an HVAC component selected from among a set of template
HVAC components; determining, by the processor, a can-
didate position for the HVAC component within the HVAC
system configuration; and displaying, on a visual display in
communication with the processor; the candidate position
for the HVAC component on a schematic diagram of the
HVAC system configuration.

[0009] In a further aspect, the present disclosure is
directed to a computer-implemented method for configuring
a heating, ventilation, and air conditioning (HVAC) system
of a building, comprising receiving, by a processor, a floor
plan of the building, wherein the floor plan includes a
mapping of an HVAC system configuration to a first HVAC
zone group; receiving, by the processor, a change to the
HVAC system configuration associated with a first HVAC
zone of the first HVAC zone group; determining, by the
processor, whether a second HVAC zone group is mapped to
a system configuration having the same properties as the
changed HVAC configuration of the first zone. In some
embodiments, the computer-implemented method includes
responding to a determining that a second HVAC zone group
is mapped to a system configuration having the same prop-
erties as the changed HVAC configuration of the first zone
by removing the first zone from the first HVAC zone group
and adding the first zone to the second HVAC zone group.
In some embodiments, the computer-implemented method
includes responding to a determining that a second HVAC
zone group is not mapped to a system configuration having
the same properties as the changed HVAC configuration of
the first zone by removing the first zone from the first HVAC
zone group, creating a new HVAC zone group, and adding
the first zone to the new HVAC zone group. in some
embodiments, the computer-generated method includes
automatically assigning a new name to the new HVAC zone
group. In some embodiments, the computer-generated
method includes displaying, on a visual display in commu-
nication with the processor; zone of the new zone group
using a different visual representation from that of the first
zone group. A different visual representation includes a
displaying in a different color, a different hatching, and/or a
different background image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Various embodiments of the disclosed system and
method are described herein with reference to the drawings
wherein:

[0011] FIG. 1 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure;
[0012] FIG. 2 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure
showing a system schematic diagram;

[0013] FIG. 3 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure
showing candidate device positions;

[0014] FIG. 4 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure
showing a system modification in place;

[0015] FIG. 5 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure
showing additional system modifications in place;
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[0016] FIG. 6 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure
showing control connections;

[0017] FIG. 7 depicts a system configurator in accordance
with an exemplary embodiment of the present disclosure
showing further control connections;

[0018] FIG. 8 depicts a zone group manager in accordance
with an exemplary embodiment of the present disclosure;
[0019] FIG. 9 depicts a zone group manager in accordance
with an exemplary embodiment of the present disclosure
showing a new component selection;

[0020] FIG. 10 depicts a zone group manager in accor-
dance with an exemplary embodiment of the present disclo-
sure showing automatic zone group creation;

[0021] FIG. 11 depicts a zone group manager in accor-
dance with an exemplary embodiment of the present disclo-
sure showing an automatically generated zone group con-
sisting of two new zones;

[0022] FIG. 12 depicts a zone group manager in accor-
dance with an exemplary embodiment of the present disclo-
sure showing a zone rejoined to its original zone group;
[0023] FIG. 13 is a flow chart illustrating a method of
HVAC system device configuration in accordance with an
exemplary embodiment of the present disclosure;

[0024] FIG. 14 is a flow chart illustrating a method of
HVAC zone group management in accordance with an
exemplary embodiment of the present disclosure;

[0025] FIG. 15 is a data architecture diagram of an HVAC
system device configurator in accordance with an exemplary
embodiment of the present disclosure;

[0026] FIGS. 16A and 16B are a data architecture diagram
of an HVAC zone group manager in accordance with an
exemplary embodiment of the present disclosure; and
[0027] FIG. 17 is block diagram of an exemplary embodi-
ment of an HVAC design, modeling, and simulation system
in accordance with the present disclosure.

[0028] The various aspects of the present disclosure men-
tioned above are described in further detail with reference to
the aforementioned figures and the following detailed
description of exemplary embodiments.

DETAILED DESCRIPTION

[0029] Particular illustrative embodiments of the present
disclosure are described hereinbelow with reference to the
accompanying drawings; however, the disclosed embodi-
ments are merely examples of the disclosure, which may be
embodied in various forms. Well-known functions or con-
structions and repetitive matter are not described in detail to
avoid obscuring the present disclosure in unnecessary or
redundant detail. Therefore, specific structural and func-
tional details disclosed herein are not to be interpreted as
limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present disclosure in any appropriately
detailed structure. In this description, as well as in the
drawings, like-referenced numbers represent elements
which may perform the same, similar, or equivalent func-
tions. The word “exemplary” is used herein to mean “serv-
ing as a non-limiting example, instance, or illustration.” Any
embodiment described herein as “exemplary” is not neces-
sarily to be construed as preferred or advantageous over
other embodiments. The word “example” may be used
interchangeably with the term “exemplary.”
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[0030] Aspects of the present disclosure are described
herein in terms of functional block components and various
processing steps. It should be appreciated that such func-
tional blocks configured to perform the specified functions
may be embodied in mechanical devices, electromechanical
devices, analog circuitry, digital circuitry, and/or modules
embodied in a computer. It should be appreciated that the
particular implementations described herein are illustrative
of the disclosure and its best mode and are not intended to
otherwise limit the scope of the present disclosure in any
way. One skilled in the art will also appreciate that, for
security reasons, any element of the present disclosure may
consist of any combination of databases or components at a
single location or at multiple locations, wherein each data-
base or system includes any of various suitable security
features, such as firewalls, access codes, authentication,
encryption, de-encryption, compression, decompression,
and/or the like. It should be understood that the steps recited
herein may be executed in any order and are not limited to
the order presented. Moreover, two or more steps or actions
recited herein may be performed concurrently.

[0031] The present disclosure is directed to methods and
systems for designing and modeling an HVAC system of a
structure. The system employs a rules-based HVAC system
schematic generator which enables a user to select from
among a number of predefined HVAC system configura-
tions. Each systems configuration includes a plurality of
HVAC components (“stencils”) each having a set of rules
defining the component’s behavior, and descriptors defining
the interconnect circuits (electrical, fluid, control) between
components. The selected configuration is presented in
schematic form to the user where it may be modified by the
user as needed, to add, delete, or reposition specific HVAC
components in the system configuration. As new compo-
nents are selected, the predefined rules for each component
are applied to the schematic to determine one or more
candidate positions at which the selected component may be
inserted into the configuration. An updated schematic show-
ing the candidate positions for the new component is auto-
matically generated and displayed. When a user places the
new component in one of the candidate positions, the rules
for each component and the interconnects are re-applied to
the schematic and the schematic is again updated to reflect
the new configuration. The new configuration may be added
to the predefined HVAC system configurations.

[0032] A building may include one or more different
HVAC system configurations. For example, a typical struc-
ture includes numerous climate control zones (rooms) hav-
ing common system configurations, such as offices, confer-
ence rooms, warehouses, and so forth. The system includes
a hierarchic zone assignment manager that organizes zones
into zone groups, e.g., office zone group, conference room
zone group, warchouse zone group. In the zone assignment
manager the zones are presented as an architectural diagram
of the structure, such as a 2D floor plan. For clarity, each
zone group is represented using distinct visual characteris-
tics (e.g., each zone has a different color, hatch pattern,
background image, etc.) Each zone’s system configuration is
editable from within the zone assignment manager, which
enables a user to rapidly generate derivative or alternative
system configurations. In an example building, an office
zone may consist of a VAV box, a temperature sensor, and
associated HVAC components. However, certain offices in
the example building have north-facing windows that cause
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additional heat loss, necessitating the addition of a convector
to the system configuration to properly heat these north-
facing offices. The system enables a user to select a room
and modify the associated zone as needed (e.g., add a
convector) which immediately 1) creates a new zone group
associated with the new system configuration 2) removes the
modified zone from its original zone group, and 3) joins the
modified zone to the new zone group.

[0033] The disclosed system includes a simulation engine
to evaluate the performance of the system, which, together
with the rules-based system schematic generator and hier-
archical zone manager, enables the design engineer to rap-
idly prototype, evaluate, and revise HVAC system designs.
[0034] Turning to FIG. 1, a graphic display 100 presents
a set of system configuration selection icons 101-104 rep-
resentative of a predefined system HVAC system configu-
ration. In FIG. 2, a system configuration has been selected
and the core elements of the configuration are rendered in
schematic form 105. In FIG. 3 a selection is made to add a
cooling coil 106. The rules-based engine processed the
predefined rules for cooling coil 106 to determine the
candidate position(s) available for a cooling coil 106, which
is indicated by position icon 107. The placement of cooling
coil 106 to the system configuration is accomplished by
dragging cooling coil 106 to the desired position 107.
Immediately upon placement the rules based engine updates
schematic 105 to show cooling coil 108 in the specified
position (FIG. 4). The design engineer may elect to make
further modifications, for example, to add a central water
source heat pump (WSHP) unit or a variable speed supply
fan 109. In this case the designer selects variable speed drive
(VSD) supply fan 109 which again invokes the rules based
engine, which, in turn, generates position icons 110 to
indicate candidate positions for a VSD supply fan 109.
[0035] FIGS. 5-7 illustrate the steps of automatically
configure control elements and HVAC elements in context
of the overall system configuration as control elements are
added to the system configuration. In FIG. 5 a VFD supply
fan 113a and a VAV reheat box (VRH) 1135 have been
added to schematic 105. A selection is made to add a
temperature controller 112 and candidate placements 114 are
displayed. In FIG. 6 the design engineer drags temperature
controller tile 112 to the desired position, which immedi-
ately invokes the rules-based engine to add new temperature
controller 115 to schematic 105. The rules-based engine
processes rules for each component of the system configu-
ration, whether the component is existing or newly-added, to
ensure, at all times that a correct and valid system configu-
ration is being developed. For example, here, the control
circuit 116 necessary to communicatively couple tempera-
ture controller 115 and system controller 117 is automati-
cally generated. Additional control lines 18 may be defined
by the design engineer as shown in FIG. 7.

[0036] FIGS. 8-13 illustrate an exemplary embodiment of
a hierarchic zone manager 200 in accordance with the
present disclosure. An initial zone hierarchy 201 is auto-
matically created by zone management logic, based on a
zone-HVAC system association to identify zones with com-
mon components which are operatively associated with the
particular HVAC system under development. Note that a
single building may incorporate one or more HVAC sys-
tems. As seen in FIG. 8, VRH-1 (202) represents VAV boxes
with reheat coils which is shared by each zone of Zone
Group 00 (215) displayed in the hierarchy. Zone Group 00
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(215) is associated with a single HVAC system configura-
tion, and each zone listed in the hierarchy 201 corresponds
to a zone shown on floor plan 203. For clarity, floor plan 203
depicts all zones that currently use the same zone level
equipment using the same color.

[0037] To add a zone-level component to a zone (e.g., add
a component to a particular room), the component to be
added is selected. Here, for example, VAV terminal 204 is
being added. The zone to which the component will be
added, Zone00-01 (205) is also selected. As shown in FIG.
9, zone selection may be performed by selecting the target
zone in the hierarchy (205) to reveal an edit icon 207
associated with the hierarchical listing or, alternatively, by
selecting the target zone in the floor plan (206) to reveal an
edit icon 208 associated with the zone graphic in floor plan
203. Clicking on either edit icon 207 or 208 enables the
design engineer to add, delete, or modity the component(s)
on the selected zone 205.

[0038] After zone modification is complete, the zone
management logic attempts to identify an existing zone
group which shares the characteristics of the just-modified
Zone00-01 (205). If one exists, the modified zone is
removed from its original zone group and added to the
identified zone group. No such zone group exists, so a new
zone group is automatically created. As shown in FIG. 10,
Zone00-01 has been modified therefore is removed from
Zone Group 00 (210) and moved into new Zone Group 01
(211). A new zone group name “Zone Group 01 is auto-
matically generated to identify the newly-created zone group
within the hierarchy. Floor plan 203 is updated to show the
new zone group in the floor plan (206) in a distinct visual
format from other zone groups (e.g., different color, hatch-
ing, background photograph, etc.).

[0039] FIG. 11 illustrates the automatic creation of a new
zone group 214 where multiple zones have been modified.
Zones 212 and 213 are moved from Zone Group 00 (215) to
newly-created Zone Group 02 (214) resulting from the
addition of a wall convector to each of those zones. In FIG.
12, zone 212 is modified a second time to remove the wall
convector. In response, the zone management logic moves
Zone00-03 (212) from Zone Group 02 back to Zone Group
00.

[0040] FIG. 13 illustrates a method of rules-based HVAC
schematic generation 300 in accordance with an exemplary
embodiment of the present disclosure. In the step 305 an
initial user interface consisting of device templates (sten-
cils), configuration (plant) templates, and a schematic work-
space is generated by a presentation layer. Device templates
may include terminal devices (e.g., VAV boxes), system
components (e.g., cooling coils), control devices (e.g., tem-
perature controllers), and/or any component suitable for use
in an HVAC system. In the step 310, one or more HVAC
components, control devices, and/or terminal devices are
selected from a system or plant template. In the step 315, a
rules-based engine is invoked to run a rule set for the
selected elements to ensure compliance with acceptable
HVAC engineering practice and error checking. In step 320
the necessary rules are retrieved from a rules database. Each
template has a unique stencil-shaped part name and identi-
fier. A specially-developed XML file includes predefined
rules for each stencil. Each stencil includes a mapping of a
stencil to configuration and placement candidate locations
for that specific configuration. A maximum device count for
each stencil may be included to limit the number of instances
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a particular device may appear in the schematic or building.
Performance and business rules (cost, energy efficiency etc.)
which may be utilized by the simulation engine for each
stencil are stored in database in XML, form.

[0041] In the step 325 the appropriate rules are retrieved
from the database and evaluated in the step 330 to determine
which, if any, available locations exist at which to place the
device template selected in the step 310. If no locations are
available, then in step 335 no candidate locations are indi-
cated on the schematic, and, additionally or alternatively, a
message is generated to inform the user the selected tem-
plate may not be used. Otherwise, if candidate locations
exist, in the step 340 the candidate locations are indicated on
the schematic. In the step 345, the location at which to place
the device template is selected. In the step 350, a set of
performance and business rules are applied to the schematic.
In some instances, depending on applicable performance
and business rules, one or more components may become
unavailable for use in the current configuration. In this case,
an indication that certain components are now unavailable is
generated (e.g., greyed-out icon, alert box message, etc.). In
the step 355, the selected device template is placed in the
user-specified location, and any necessary connections
(fluid, power, control) are automatically generated and dis-
played in the schematic.

[0042] FIG. 14 illustrates a method of zone group man-
agement 400 in accordance with an exemplary embodiment
of the present disclosure. The method begins with the step
405 wherein the initial zone hierarchy is displayed. The zone
hierarchy may be displayed in a list form with expandable/
collapsible elements and in a floor plan form showing the
room/zone association. In the step 415 a zone from which a
component is to be added, deleted, or have a component
property modified, is selected. In step 420, a specially-
developed XML file that includes predefined rules for each
component is retrieved. Each component is represented by a
template that maps the component to configuration and
placement candidate locations for the zone configuration. A
maximum device count for each may be included to limit the
number of instances a particular device may appear in the
schematic or building. Performance and business rules (cost,
energy efficiency etc.) which may be utilized by the simu-
lation engine are stored in database in XML form. In the step
425, a device template to be added or deleted from the
desired zone is selected, and in the step 430, an attempt is
made to match the selected device template to the set of
devices in the selected zone. If no match is identified, then
in the step 435 no icon is displayed and/or an error message
is displayed. Otherwise, a match is identified and in the step
440 the selected change is applied to the zone, e.g., the
device template selected in step 425 is added or deleted to
the zone. In the steps 450 and 455, zone management logic
determines if the modified zone has the same set of devices
(same control, terminal, and system components) as that of
another member of the zone group. If it does, in the step 460
no change is made to the zone group. Otherwise, in the step
465 if the modified zone includes a dissimilar set of devices,
then an attempt is made to identify another zone group
which shares the same set of devices as the modified zone.
If such as zone group is found, the modified zone is moved
to that zone group. If no such zone group exists, one is
created and the modified zone is moved into the newly-
created zone.
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[0043] FIG. 15 illustrates a data architecture of a sche-
matic system configurator 500 in accordance with an exem-
plary embodiment of the present disclosure that includes a
presentation layer 510, a rules layer 520, and a data access
layer 530. FIG. 16 illustrates a data architecture of a zone
group manager 600 that includes a presentation layer 610, a
rules layer 620, a data access layer 630, and zone group
analysis engine 640.

[0044] FIG. 17 depicts an exemplary embodiment of a
system 700 for designing, modeling, and simulation of an
HVAC system in accordance with the present disclosure.
System 700 includes a computing device 705 having in
operative communication a processor 710, a memory 720,
and storage 730. Computing device 705 can include, for
example, a laptop computer, a desktop computer, or a mobile
device (e.g., a mobile phone, a personal digital assistant,
etc.), or any other type of computing device now or in the
future known. Memory 720 includes RAM memory which
can be used, for example, for storage of transient data,
computed and intermediate results, I/O buffering, graphical
user interface (GUI) buffering, and for software program
execution.

[0045] Storage 730 comprises non-volatile storage such as
a NAND flash drive, EEPROM, ROM, magnetic hard disk,
solid state disk (SSD), hybrid drives (combination hard
disk/SSD) which can be used for storage of a data which
persists through power cycling. Computing device 705
includes user interface 740 that enables a design engineer to
interact with the system 700. User interface 740 may include
a keyboard, pointing device, touchscreen, speech recogni-
tion, gesture-based interface, or other input device that
receives user inputs, such inputting or downloading building
floor plans; selection of HVAC system configurations, com-
ponents, and control devices; defining and modifying char-
acteristics of zones and zone groups; and other user inputs
relating to the various other aspects of the present disclosure.
User interface 740 includes one or more visual displays,
which may include, without limitation, a monitor screen or
monitor interface, browser interface, a virtual graphics out-
put device, and a remote access interface.

[0046] Computing device 705 includes a communications
interface 750 for communication between system 700 and
other systems and devices to enable receiving and transmit-
ting data in connection with aspects of the present disclo-
sure, for example, downloading building floor plans, receiv-
ing updates relating to system configurations, HVAC
components, rules updates, software updates, communica-
tion of design, modeling, and simulation data, climate data,
error logging and reporting, and so forth.

[0047] Still referring to FIG. 17, system 700 includes
presentation layer 760, rules engine 700, logic engine 780,
and database 790. Presentation layer 760 interacts with user
interface 740 to interpret user inputs, format and present
visual representations of schematics, floor plans, templates,
stencils, icons and other visual elements of the disclosed
invention. Presentation layer 760 may include executable
data presentation software such Windows Presentation
Foundation, Nevron, and the like. Rules engine 770 inter-
prets and processes rules-based criteria in connection with
the schematic system configurator and zone group manage-
ment. Logic engine 780 receives and transmits data to and
from presentation layer 760, rules engine 770, and database
790 to facilitate operation of the disclosed invention, includ-
ing without limitation, the analysis, matching and creation of
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zone groups. Database 790 includes a relational database
such as SQL Server for efficient storage and retrieval of data
relating to the operation of the disclosed invention, such as
without limitation, XML, templates, rules, zone configura-
tions, and so forth.

Aspects

[0048] It is noted that any of aspects 1-17 may be com-
bined with each other in any combination.

[0049] Aspect 1. A method for constructing an HVAC
system for a structure having distinct thermal zones, com-
prising the steps of defining the structure; defining an HVAC
topology included in the structure; identifying common
elements of the HVAC topology associated with a distinct
thermal zone; defining a zone group comprising distinct
zones sharing similar common elements; modifying the zone
group if at least one distinct zone of the zone group no longer
shares common elements with at least one other distinct
zone of the zone group; generating a set of HVAC param-
eters for the structure.

[0050] Aspect 2. The method in accordance with aspect 1,
wherein the step of defining an HVAC topology included in
the structure comprises defining one or more HVAC com-
ponents included in the structure.

[0051] Aspect 3. The method in accordance with any of
aspects 1-2, wherein the step of defining an HVAC topology
included in the structure comprises defining an interconnec-
tion between one or more HVAC components included in the
structure.

[0052] Aspect 4. The method in accordance with any of
aspects 1-3, wherein the step of modifying the zone group
comprises removing from the zone group the distinct zone
that no longer shares common elements with at least one
other distinct zone of the zone group; and adding the
removed distinct zone to a different zone group comprising
distinct zones sharing similar common elements with the
removed distinct zone.

[0053] Aspect 5. The method in accordance with any of
aspects 1-4, wherein defining an HVAC topology included in
the structure comprises providing a set of pre-defined char-
acteristics of an HVAC component, wherein the pre-defined
characteristics include a configuration rule and a simulation
rule; inserting a representation of a distinct thermal zone into
a zone tree; joining the HVAC component to at least one
other HVAC component in the distinct thermal zone, if any,
based upon the pre-defined characteristics of the respective
HVAC components.

[0054] Aspect 6. The method in accordance with any of
aspects 1-5, wherein the set of pre-defined characteristics of
an HVAC component are expressed in an extensible markup
language.

[0055] Aspect 7. The method in accordance with any of
aspects 1-6, wherein inserting the representation into a zone
tree representative of a distinct thermal zone includes storing
the configuration rule and the simulation rule in third normal
form.

[0056] Aspect 8. A method for constructing an HVAC
system model of a structure having distinct thermal zones,
comprising the steps of defining the structure; defining a
plurality of HVAC components included in the structure;
defining interconnections between two or more of the plu-
rality of HVAC components included in the structure; iden-
tifying a further HVAC component to be inserted into an
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interconnection of the structure; and identifying a candidate
interconnection into which the further HVAC component
may be inserted.

[0057] Aspect 9. A method, comprising displaying a plu-
rality of HVAC system configurations in a viewer executing
on an electronic device having a graphic display;

[0058] receiving, at the electronic device, a user selection
of HVAC system configuration displaying the selected
HVAC system configuration in the viewer displaying a
plurality of HVAC components in the viewer receiving, at
the electronic device, a user selection of a HVAC component
applying a rules-based engine to determine the possible
locations within the HVAC system configuration where the
selected HVAC component may be placed; and displaying
the possible locations the selected HVAC component may be
placed on the HVAC system configuration in the viewer.
[0059] Aspect 10. A computer-implemented method for
configuring a heating, ventilation, and air conditioning
(HVAC) system of a building, comprising receiving, by a
processor, a floor plan of the building; receiving, by the
processor, an HVAC system configuration selected from
among a set of template HVAC configurations; receiving, by
the processor, an HVAC component selected from among a
set of template HVAC components; determining, by the
processor, a candidate position for the HVAC component
within the HVAC system configuration; and displaying, on
a visual display in communication with the processor; the
candidate position for the HVAC component on a schematic
diagram of the HVAC system configuration.

[0060] Aspect 11. A computer-implemented method for
configuring a heating, ventilation, and air conditioning
(HVAC) system of a building, comprising receiving, by a
processor, a floor plan of the building, wherein the floor plan
includes a mapping of an HVAC system configuration to a
first HVAC zone group; receiving, by the processor, a
change to the HVAC system configuration associated with a
first HVAC zone of the first HVAC zone group; determining,
by the processor, whether a second HVAC zone group is
mapped to a system configuration having the same proper-
ties as the changed HVAC configuration of the first zone.
[0061] Aspect 12. The computer-implemented method in
accordance with aspect 11, further comprising responding to
a determining that a second HVAC zone group is mapped to
a system configuration having the same properties as the
changed HVAC configuration of the first zone by removing
the first zone from the first HVAC zone group and adding the
first zone to the second HVAC zone group.

[0062] Aspect 13. The computer-implemented method in
accordance with any of aspects 11-12, further comprising
responding to a determining that a second HVAC zone group
is not mapped to a system configuration having the same
properties as the changed HVAC configuration of the first
zone by removing the first zone from the first HVAC zone
group, creating a new HVAC zone group, and adding the
first zone to the new HVAC zone group.

[0063] Aspect 14. The computer-implemented method in
accordance with any of aspects 11-13, further comprising
automatically assigning a new name to the new HVAC zone
group.

[0064] Aspect 15. The computer-implemented method in
accordance with any of aspects 11-14, further comprising
displaying, on a visual display in communication with the
processor; zone of the new zone group using a different
visual representation from that of the first zone group.
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[0065] Aspect 16. The computer-implemented method in
accordance with any of aspects 11-15, wherein a different
visual representation includes a different color, a different
hatching, and/or a different background image.

[0066] Aspect 17. A system as substantially described
herein.
[0067] Particular embodiments of the present disclosure

have been described herein, however, it is to be understood
that the disclosed embodiments are merely examples of the
disclosure, which may be embodied in various forms. Well-
known functions or constructions are not described in detail
to avoid obscuring the present disclosure in unnecessary
detail. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a basis for the claims and as a representative basis
for teaching one skilled in the art to variously employ the
present disclosure in any appropriately detailed structure.

What is claimed is:

1. A device for constructing an HVAC system for a
structure having distinct thermal zones, comprising:

a processor;

a relational database operatively coupled to the processor
and configured to store templates that define charac-
teristics of respective HVAC components;

a memory operatively coupled to the processor and stor-
ing instructions, which, when executed by the proces-
sor, cause the device to:

receive a floor plan of a building, wherein the floor plan
comprises a mapping of an HVAC system configu-
ration to a first HVAC zone group comprising dis-
tinct zones;

select a first zone of the first HVAC zone group;

select an HVAC component to be added to the first
HVAC zone group;

retrieve a template from the relational data base that
corresponds to the selected HVAC component;

using the retrieved template to determine whether the
selected HVAC component can be added to the first
HVAC zone;

adding the selected HVAC template to the first HVAC
zone in response to a determination that the selected
HVAC component can be added to the first HVAC
zone;

modify membership of the first HVAC zone group by
removing the first HVAC zone from the first HVAC
zone group after the selected HVAC component is
added to the first HVAC zone; and

modify a second HVAC zone group by adding the first
HVAC zone after the selected HVAC component is
added to the first HVAC zone.

2. The device in accordance with claim 1, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to define one or more
HVAC components included in the structure.

3. The device in accordance with claim 1, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to define an interconnec-
tion between one or more HVAC components included in the
structure.
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4. The device in accordance with claim 1, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to

generate a diagram of the structure in which the first zone

group is represented using a distinct visual character-
istic; and

cause a display device to present the diagram.

5. The device in accordance with claim 1, wherein the
templates comprise pre-defined characteristics of respective
HVAC components, wherein the predefined characteristics
comprise a configuration rule and a simulation rule.

6. The device in accordance with claim 5, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to

insert a representation of a distinct thermal zone into a

zone tree; and

join the selected HVAC component to at least one other

HVAC component in the representation of the distinct
thermal zone based upon the pre-defined characteristics
of the respective HVAC components being joined.

7. The device in accordance with claim 5, wherein each
set of pre-defined characteristics is expressed in a markup
language.

8. The device in accordance with claim 5, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to store the configuration
rule and the simulation rule in third normal form.

9. The device in accordance with claim 1, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to:

define interconnections between two or more HVAC

components;

identify a further HVAC component to be inserted into the

structure; and

identify a candidate interconnection into which the further

HVAC component may be inserted.

10. The device in accordance with claim 1, wherein the
memory further stores instructions, which, when executed
by the processor, cause the device to:

apply a rules-based engine to determine possible locations

at which the selected HVAC component may be placed
within the HVAC topology; and

cause a display device to present the possible locations at

which the selected HVAC component may be placed
within the HVAC topology.

11. A computer-readable storage medium for constructing
an HVAC system for a structure having distinct thermal
zones, the computer-readable storage medium being non-
transitory and having instructions stored therein, which,
when executed by a processor, cause a device to:

receive a floor plan of a building, wherein the floor plan

comprises a mapping of an HVAC system configuration
to a first HVAC zone group comprising distinct zones;

select a first zone of the first HVAC zone group;

select an HVAC component to be added to the first HVAC
zone group;

retrieve a template from a relational data base that cor-
responds to the selected HVAC component;

using the retrieved template to determine whether the
selected HVAC component can be added to the first
HVAC zone;
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adding the selected HVAC template to the first HVAC
zone in response to a determination that the selected
HVAC component can be added to the first HVAC
zone;

modify membership of the first HVAC zone group by
removing the first HVAC zone from the first HVAC
zone group after the selected HVAC component is
added to the first HVAC zone; and

modify a second HVAC zone group by adding the first
HVAC zone after the selected HVAC component is
added to the first HVAC zone.

12. The computer-readable storage medium in accordance
with claim 11, wherein the computer-readable storage
medium has further instructions stored therein, which, when
executed by the processor, cause the device to define one or
more HVAC components included in the structure.

13. The computer-readable storage medium in accordance
with claim 11, wherein the computer-readable storage
medium has further instructions stored therein, which, when
executed by the processor, cause the device to define an
interconnection between one or more HVAC components
included in the structure.

14. The computer-readable storage medium in accordance
with claim 11, wherein the computer-readable storage
medium has further instructions stored therein, which, when
executed by the processor, cause the device to

generate a diagram of the structure in which the first zone

group is represented using a distinct visual character-
istic; and

cause a display device to present the diagram.

15. The computer-readable storage medium in accordance
with claim 11, wherein the templates comprise pre-defined
characteristics of respective HVAC components, wherein
the predefined characteristics comprise a configuration rule
and a simulation rule.

16. The computer-readable storage medium in accordance
with claim 15, wherein the computer-readable storage
medium has further instructions stored therein, which, when
executed by the processor, cause the device to

insert a representation of a distinct thermal zone into a

zone tree; and

join the selected HVAC component to at least one other

HVAC component in the representation of the distinct
thermal zone based upon the pre-defined characteristics
of the respective HVAC components being joined.

17. The computer-readable storage medium in accordance
with claim 15, wherein each set of pre-defined characteris-
tics is expressed in a markup language.

18. The computer-readable storage medium in accordance
with claim 15 store the configuration rule and the simulation
rule in third normal form.

19. The computer-readable storage medium in accordance
with claim 11, wherein the computer-readable storage
medium has further instructions stored therein, which, when
executed by the processor, cause the device to:

define interconnections between two or more HVAC

components;

identify a further HVAC component to be inserted into the

structure; and

identify a candidate interconnection into which the further

HVAC component may be inserted.
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20. The computer-readable storage medium in accordance
with claim 11, wherein the computer-readable storage
medium has further instructions stored therein, which, when
executed by the processor, cause the device to:

apply a rules-based engine to determine possible locations

at which the selected HVAC component may be placed
within the HVAC topology; and

cause a display device to present the possible locations at

which the selected HVAC component may be placed
within the HVAC topology.

#* #* #* #* #*
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