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Description

BACKGROUND

[0001] The present disclosure relates generally to building management systems (BMS). The present disclosure
relates more particularly to systems and methods for agent based building simulations for providing optimal control of
the BMS. US 2015 178 421 A1 discloses a building management system using simulation and modelling agents to
optimize the environmental control of the spaces of the building.
[0002] A BMS is, in general, a system of devices configured to control, monitor, and manage equipment in or around
a building or building area. Buildings, such as commercial buildings, typically have a variety of systems installed. The
systems are used to manage the security, fire, access control, video surveillance, and environmental factors that relate
to the building and the occupants thereof. Such systems may each perform discrete operations. Further, the components
and devices within each system are typically manufactured by different corporations, and therefore often do not interact
directly or easily with each other. In some instances, BMS systems have been implemented to monitor the data being
generated by each system, and to subsequently use that data to direct the operation of other systems or group of systems
as a whole. For example, some BMS systems monitor the fire detection systems, and can shut down the air intake fans
when a fire is detected. These systems may also interact with transportations systems, such as escalators, such that
they all operate in a direction that moves occupants toward the building exits. Similarly, these systems may control
elevator cars to either stop at the closest floor or brought to the lobby, or other egress point. Such functionality allows
the building systems to automatically react appropriately to any threat to the building occupants. However, such reactions
are generally scripted (or preprogrammed), and in some cases, could cause unwanted situations due to the predefined
nature of the programmed actions.

SUMMARY

[0003] One implementation of the present disclosure is a system for a building management system (BMS) simulation.
The system includes one or more processors and memory connected to the one or more processors. The memory has
instructions stored thereon that when executed by the one or more processors, cause the one or more processors to
generate a space agent representing a space in a building, the space agent configured to maintain an environmental
condition of the space based on an optimization state of the space, generate an equipment agent representing a device
that is configured to control, monitor and/or manage the space, and register the space agent and the equipment agent
to a space communication channel associated with the space. The space agent is configured to communicate with the
equipment agent over the space communication channel.
[0004] In some embodiments, the environmental condition may correspond to a temperature setpoint.
[0005] In some embodiments, the space agent may be configured to set the temperature setpoint based on the
optimization state.
[0006] In some embodiments, the instructions may further cause the one or more processors to generate a control
agent having control logic to control the environmental condition of the space, and register the control agent to the space
communication channel associated with the space. In some embodiments, the control agent may be configured to
communicate with the space agent over the space communication channel to provide the control logic to the space agent.
[0007] In some embodiments, the space agent may be configured to communicate with the equipment agent and the
control agent by publishing messages to the space communication channel and receiving messages published by the
equipment agent and the control agent from the space communication channel.
[0008] In some embodiments, the control logic may correspond to the optimization state.
[0009] In some embodiments, the control logic may override the optimization state.
[0010] In some embodiments, the space may be a room within the building, and the instructions may further cause
the one or more processors to generate a floor agent representing a floor within the building on which the room is located,
and register the floor agent and the space agent to a floor communication channel associated with the floor. In some
embodiments, the floor agent may be configured to communicate with the space agent over the floor communication
channel.
[0011] In some embodiments, the instructions may further cause the one or more processors to generate a building
agent representing the building, and register the building agent and the floor agent to a building communication channel
associated with the building. In some embodiments, the building agent may be configured to communicate with the floor
agent over the building communication channel.
[0012] In some embodiments, the building agent may be configured to override controls of each of the other agents
by publishing messages on the building communication channel, and the floor agent may be configured to override
controls of the space agent by publishing messages on the floor communication channel.
[0013] Another implementation of the present disclosure is a method for simulating a building management system,
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the method including generating, by one or more processors, a space agent representing a space in a building, the
space agent configured to maintain an environmental condition of the space based on an optimization state of the space,
generating, by the one or more processors, an equipment agent representing a device that is configured to control,
monitor and/or manage the space, and registering, by the one or more processors, the space agent and the equipment
agent to a space communication channel associated with the space. The space agent is configured to communicate
with the equipment agent over the space communication channel.
[0014] In some embodiments, the environmental condition may correspond to a temperature setpoint.
[0015] In some embodiments, the space agent may be configured to set the temperature setpoint based on the
optimization state.
[0016] In some embodiments, the method may further include generating, by the one or more processors a control
agent having control logic to control the environmental condition of the space, and registering, by the one or more
processors, the control agent to the space communication channel associated with the space. In some embodiments,
the control agent may be configured to communicate with the space agent over the space communication channel to
provide the control logic to the space agent.
[0017] In some embodiments, the space agent may be configured to communicate with the equipment agent and the
control agent by publishing messages to the space communication channel and receiving messages published by the
equipment agent and the control agent from the space communication channel.
[0018] In some embodiments, the control logic may correspond to the optimization state.
[0019] In some embodiments, the control logic may override the optimization state.
[0020] In some embodiments, the space may be a room within the building, and the method may further include
generating, by the one or more processors, a floor agent representing a floor within the building on which the room is
located, and registering, by the one or more processors, the floor agent and the space agent to a floor communication
channel associated with the floor. In some embodiments, the floor agent may be configured to communicate with the
space agent over the floor communication channel.
[0021] In some embodiments, the method may further include generating, by the one or more processors, a building
agent representing the building, and registering, by the one or more processors, the building agent and the floor agent
to a building communication channel associated with the building. In some embodiments, the building agent may be
configured to communicate with the floor agent over the building communication channel.
[0022] In some embodiments, the building agent may be configured to override controls of each of the other agents
by publishing messages on the building communication channel, and the floor agent may be configured to override
controls of the space agent by publishing messages on the floor communication channel.
[0023] Those skilled in the art will appreciate that the summary is illustrative only and is not intended to be in any way
limiting. Other aspects, inventive features, and advantages of the devices and/or processes described herein, as defined
solely by the claims and their equivalents, will become apparent in the detailed description set forth herein and taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a drawing of a building equipped with a building management system (BMS) and a HVAC system, according
to some embodiments.

FIG. 2 is a schematic of a waterside system which can be used as part of the HVAC system of FIG. 1, according to
some embodiments.

FIG. 3 is a block diagram of an airside system which can be used as part of the HVAC system of FIG. 1, according
to some embodiments.

FIG. 4 is a block diagram of a BMS which can be used in the building of FIG. 1, according to some embodiments.

FIG. 5 is a block diagram illustrating an adaptive agent based control system, according to some embodiments.

FIG. 6 is a block diagram showing a detailed view of the learning engine shown in FIG. 5, according to some
embodiments.

FIG. 7A is a block diagram of an agent for controlling the temperature of an environment, according to an exemplary
embodiment.
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FIG. 7B is a table illustrating results for an initial loop through the machine learning process of the agent in FIG. 7A,
according to an exemplary embodiment.

FIG. 8A is a table illustrating results for a plurality of loops through the machine learning process of the agent in
FIG. 7A, according to an exemplary embodiment.

FIG. 8B is a block diagram of an agent for selecting a next action to control the temperature of an environment,
according to an exemplary embodiment.

FIG. 9 is a block diagram schematic of the processing circuit of the controller shown in FIG. 5, according to an
exemplary embodiment.

FIG. 10 is a temporary occupancy override agent, according to one exemplary embodiment.

FIG. 11 is a block diagram of an agent-based communication system, according to some embodiments.

FIGS. 12A and 12B are various flow charts illustrating a number of publish-subscribe messaging patterns, according
to some embodiments.

FIG. 13 is an example channel hierarchal structure, according to an exemplary embodiment.

FIG. 14 is a flow diagram illustration a process for a building management system simulation, according to an
exemplary embodiment.

DETAILED DESCRIPTION

[0025] As shown in the Figures, a building management system (BMS) utilizing agent based building simulation to
provide optimal control is shown. Agent based BMS control systems are further described in U.S. Patent No. 9,817,383
(App. No. 15/367,167). Agent based BMS dynamic channel communications are further described in U.S. Patent Appli-
cation No. 15/934,593, filed March 23 2018.
[0026] In various embodiments of the present disclosure, various agents are used to simulate a building or system,
so that each space, equipment, and/or control functions for the building or system is simulated by a software agent. For
example, according to various embodiments, various agents are used to simulate, control, and/or monitor any suitable
environmental or operational aspects of a building, such as temperature, humidity, particulate count, occupancy time
(actual and/or expected), lighting, audio/visual, fire safety, electrical, security, access control, lifts/escalators, and/or the
like. The use of agents to aid in simulation of a building or system provide multiple advantages to a BMS systems. For
example, agent based building simulation may allow for a single integrated system from design to commissioning to
operations.
[0027] Agent based building simulation also allows for heavy use and reuse of design inputs, as well as for ease of
commissioning (e.g. such as by eliminating the need for explicit point binding.) Agents, such as space agents, equipment
agents, and control agents may be used, and may allow for goal-oriented optimization within the BMS. For example,
each of the agents may communicate with each other via communication channels to achieve a particular optimization
for a particular zone or space. Further, agents can be used to allow for agile deployment of new features (e.g. via the
agents) when the BMS is in operations mode. The agents can be run on different devices within the system (e.g. cloud,
server, controller, smartboards, etc.) and can allow for system scalability without complexity (e.g. via agents forming
building blocks.) Additionally, cloud replicas or virtual simulations of a building can allow for analytics and machine
learning to be performed.

Building Management System and HVAC System

[0028] Referring now to FIGS. 1-4, an exemplary building management system (BMS) and HVAC system in which
the systems and methods of the present disclosure can be implemented are shown, according to an exemplary embod-
iment. Referring particularly to FIG. 1, a perspective view of a building 10 is shown. Building 10 is served by a BMS. A
BMS is, in general, a system of devices configured to control, monitor, and manage equipment in or around a building
or building area. A BMS can include, for example, a HVAC system, a security system, a lighting system, a fire alerting
system, any other system that is capable of managing building functions or devices, or any combination thereof.
[0029] The BMS that serves building 10 includes an HVAC system 100. HVAC system 100 can include a plurality of
HVAC devices (e.g., heaters, chillers, air handling units, pumps, fans, thermal energy storage, etc.) configured to provide
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heating, cooling, ventilation, or other services for building 10. For example, HVAC system 100 is shown to include a
waterside system 120 and an airside system 130. Waterside system 120 can provide a heated or chilled fluid to an air
handling unit of airside system 130. Airside system 130 can use the heated or chilled fluid to heat or cool an airflow
provided to building 10. An exemplary waterside system and airside system which can be used in HVAC system 100
are described in greater detail with reference to FIGS. 2-3.
[0030] HVAC system 100 is shown to include a chiller 102, a boiler 104, and a rooftop air handling unit (AHU) 106.
Waterside system 120 can use boiler 104 and chiller 102 to heat or cool a working fluid (e.g., water, glycol, etc.) and
can circulate the working fluid to AHU 106. In various embodiments, the HVAC devices of waterside system 120 can
be located in or around building 10 (as shown in FIG. 1) or at an offsite location such as a central plant (e.g., a chiller
plant, a steam plant, a heat plant, etc.). The working fluid can be heated in boiler 104 or cooled in chiller 102, depending
on whether heating or cooling is required in building 10. Boiler 104 can add heat to the circulated fluid, for example, by
burning a combustible material (e.g., natural gas) or using an electric heating element. Chiller 102 can place the circulated
fluid in a heat exchange relationship with another fluid (e.g., a refrigerant) in a heat exchanger (e.g., an evaporator) to
absorb heat from the circulated fluid. The working fluid from chiller 102 and/or boiler 104 can be transported to AHU 106
via piping 108.
[0031] AHU 106 can place the working fluid in a heat exchange relationship with an airflow passing through AHU 106
(e.g., via one or more stages of cooling coils and/or heating coils). The airflow can be, for example, outside air, return
air from within building 10, or a combination thereof. AHU 106 can transfer heat between the airflow and the working
fluid to provide heating or cooling for the airflow. For example, AHU 106 can include one or more fans or blowers
configured to pass the airflow over or through a heat exchanger containing the working fluid. The working fluid can then
return to chiller 102 or boiler 104 via piping 110.
[0032] Airside system 130 can deliver the airflow supplied by AHU, 106 (i.e., the supply airflow) to building 10 via air
supply ducts 112 and can provide return air from building 10 to AHU 106 via air return ducts 114. In some embodiments,
airside system 130 includes multiple variable air volume (VAV) units 116. For example, airside system 130 is shown to
include a separate VAV unit 116 on each floor or zone of building 10. VAV units 116 can include dampers or other flow
control elements that can be operated to control an amount of the supply airflow provided to individual zones of building
10. In other embodiments, airside system 130 delivers the supply airflow into one or more zones of building 10 (e.g., via
supply ducts 112) without using intermediate VAV units 116 or other flow control elements. AHU 106 can include various
sensors (e.g., temperature sensors, pressure sensors, etc.) configured to measure attributes of the supply airflow. AHU
106 can receive input from sensors located within AHU 106 and/or within the building zone and can adjust the flow rate,
temperature, or other attributes of the supply airflow through AHU 106 to achieve set-point conditions for the building zone.
[0033] Referring now to FIG. 2, a block diagram of a waterside system 200 is shown, according to an exemplary
embodiment. In various embodiments, waterside system 200 can supplement or replace waterside system 120 in HVAC
system 100 or can be implemented separate from HVAC system 100. When implemented in HVAC system 100, waterside
system 200 can include a subset of the HVAC devices in HVAC system 100 (e.g., boiler 104, chiller 102, pumps, valves,
etc.) and can operate to supply a heated or chilled fluid to AHU 106. The HVAC devices of waterside system 200 can
be located within building 10 (e.g., as components of waterside system 120) or at an offsite location such as a central plant.
[0034] In FIG. 2, waterside system 200 is shown as a central plant having a plurality of subplants 202-212. Subplants
202-212 are shown to include a heater subplant 202, a heat recovery chiller subplant 204, a chiller subplant 206, a
cooling tower subplant 208, a hot thermal energy storage (TES) subplant 210, and a cold thermal energy storage (TES)
subplant 212. Subplants 202-212 consume resources (e.g., water, natural gas, electricity, etc.) from utilities to serve the
thermal energy loads (e.g., hot water, cold water, heating, cooling, etc.) of a building or campus. For example, heater
subplant 202 can be configured to heat water in a hot water loop 214 that circulates the hot water between heater
subplant 202 and building 10. Chiller subplant 206 can be configured to chill water in a cold water loop 216 that circulates
the cold water between chiller subplant 206 building 10. Heat recovery chiller subplant 204 can be configured to transfer
heat from cold water loop 216 to hot water loop 214 to provide additional heating for the hot water and additional cooling
for the cold water. Condenser water loop 218 can absorb heat from the cold water in chiller subplant 206 and reject the
absorbed heat in cooling tower subplant 208 or transfer the absorbed heat to hot water loop 214. Hot TES subplant 210
and cold TES subplant 212 can store hot and cold thermal energy, respectively, for subsequent use.
[0035] Hot water loop 214 and cold water loop 216 can deliver the heated and/or chilled water to air handlers located
on the rooftop of building 10 (e.g., AHU 106) or to individual floors or zones of building 10 (e.g., VAV units 116). The air
handlers push air past heat exchangers (e.g., heating coils or cooling coils) through which the water flows to provide
heating or cooling for the air. The heated or cooled air can be delivered to individual zones of building 10 to serve the
thermal energy loads of building 10. The water then returns to subplants 202-212 to receive further heating or cooling.
[0036] Although subplants 202-212 are shown and described as heating and cooling water for circulation to a building,
it is understood that any other type of working fluid (e.g., glycol, CO2, etc.) can be used in place of or in addition to water
to serve the thermal energy loads. In other embodiments, subplants 202-212 can provide heating and/or cooling directly
to the building or campus without requiring an intermediate heat transfer fluid. These and other variations to waterside
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system 200 are within the teachings of the present invention.
[0037] Each of subplants 202-212 can include a variety of equipment configured to facilitate the functions of the
subplant. For example, heater subplant 202 is shown to include a plurality of heating elements 220 (e.g., boilers, electric
heaters, etc.) configured to add heat to the hot water in hot water loop 214. Heater subplant 202 is also shown to include
several pumps 222 and 224 configured to circulate the hot water in hot water loop 214 and to control the flow rate of the
hot water through individual heating elements 220. Chiller subplant 206 is shown to include a plurality of chillers 232
configured to remove heat from the cold water in cold water loop 216. Chiller subplant 206 is also shown to include
several pumps 234 and 236 configured to circulate the cold water in cold water loop 216 and to control the flow rate of
the cold water through individual chillers 232.
[0038] Heat recovery chiller subplant 204 is shown to include a plurality of heat recovery heat exchangers 226 (e.g.,
refrigeration circuits) configured to transfer heat from cold water loop 216 to hot water loop 214. Heat recovery chiller
subplant 204 is also shown to include several pumps 228 and 230 configured to circulate the hot water and/or cold water
through heat recovery heat exchangers 226 and to control the flow rate of the water through individual heat recovery
heat exchangers 226. Cooling tower subplant 208 is shown to include a plurality of cooling towers 238 configured to
remove heat from the condenser water in condenser water loop 218. Cooling tower subplant 208 is also shown to include
several pumps 240 configured to circulate the condenser water in condenser water loop 218 and to control the flow rate
of the condenser water through individual cooling towers 238.
[0039] Hot TES subplant 210 is shown to include a hot TES tank 242 configured to store the hot water for later use.
Hot TES subplant 210 can also include one or more pumps or valves configured to control the flow rate of the hot water
into or out of hot TES tank 242. Cold TES subplant 212 is shown to include cold TES tanks 244 configured to store the
cold water for later use. Cold TES subplant 212 can also include one or more pumps or valves configured to control the
flow rate of the cold water into or out of cold TES tanks 244.
[0040] In some embodiments, one or more of the pumps in waterside system 200 (e.g., pumps 222, 224, 228, 230,
234, 236, and/or 240) or pipelines in waterside system 200 include an isolation valve associated therewith. Isolation
valves can be integrated with the pumps or positioned upstream or downstream of the pumps to control the fluid flows
in waterside system 200. In various embodiments, waterside system 200 can include more, fewer, or different types of
devices and/or subplants based on the particular configuration of waterside system 200 and the types of loads served
by waterside system 200.
[0041] Referring now to FIG. 3, a block diagram of an airside system 300 is shown, according to an exemplary
embodiment. In various embodiments, airside system 300 can supplement or replace airside system 130 in HVAC
system 100 or can be implemented separate from HVAC system 100. When implemented in HVAC system 100, airside
system 300 can include a subset of the HVAC devices in HVAC system 100 (e.g., AHU 106, VAV units 116, ducts
112-114, fans, dampers, etc.) and can be located in or around building 10. Airside system 300 can operate to heat or
cool an airflow provided to building 10 using a heated or chilled fluid provided by waterside system 200.
[0042] In FIG. 3, airside system 300 is shown to include an economizer-type air handling unit (AHU) 302. Economizer-
type AHUs vary the amount of outside air and return air used by the air handling unit for heating or cooling. For example,
AHU 302 can receive return air 304 from building zone 306 via return air duct 308 and can deliver supply air 310 to
building zone 306 via supply air duct 312. In some embodiments, AHU 302 is a rooftop unit located on the roof of building
10 (e.g., AHU 106 as shown in FIG. 1) or otherwise positioned to receive return air 304 and outside air 314. AHU 302
can be configured to operate exhaust air damper 316, mixing damper 318, and outside air damper 320 to control an
amount of outside air 314 and return air 304 that combine to form supply air 310. Any return air 304 that does not pass
through mixing damper 318 can be exhausted from AHU 302 through exhaust damper 316 as exhaust air 322.
[0043] Each of dampers 316-320 can be operated by an actuator. For example, exhaust air damper 316 can be
operated by actuator 324, mixing damper 318 can be operated by actuator 326, and outside air damper 320 can be
operated by actuator 328. Actuators 324-328 can communicate with an AHU controller 330 via a communications link
332. Actuators 324-328 can receive control signals from AHU controller 330 and can provide feedback signals to AHU
controller 330. Feedback signals can include, for example, an indication of a current actuator or damper position, an
amount of torque or force exerted by the actuator, diagnostic information (e.g., results of diagnostic tests performed by
actuators 324-328), status information, commissioning information, configuration settings, calibration data, and/or other
types of information or data that can be collected, stored, or used by actuators 324-328. AHU controller 330 can be an
economizer controller configured to use one or more control algorithms (e.g., state-based algorithms, extremum seeking
control (ESC) algorithms, proportional-integral (PI) control algorithms, proportional-integral-derivative (PID) control al-
gorithms, model predictive control (MFC) algorithms, feedback control algorithms, etc.) to control actuators 324-328.
[0044] Still referring to FIG. 3, AHU 302 is shown to include a cooling coil 334, a heating coil 336, and a fan 338
positioned within supply air duct 312. Fan 338 can be configured to force supply air 310 through cooling coil 334 and/or
heating coil 336 and provide supply air 310 to building zone 306. AHU controller 330 can communicate with fan 338 via
communications link 340 to control a flow rate of supply air 310. In some embodiments, AHU controller 330 controls an
amount of heating or cooling applied to supply air 310 by modulating a speed of fan 338.
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[0045] Cooling coil 334 can receive a chilled fluid from waterside system 200 (e.g., from cold water loop 216) via piping
342 and can return the chilled fluid to waterside system 200 via piping 344. Valve 346 can be positioned along piping
342 or piping 344 to control a flow rate of the chilled fluid through cooling coil 334. In some embodiments, cooling coil
334 includes multiple stages of cooling coils that can be independently activated and deactivated (e.g., by AHU controller
330, by RIMS controller 366, etc.) to modulate an amount of cooling applied to supply air 310.
[0046] Heating coil 336 can receive a heated fluid from waterside system 200 (e.g., from hot water loop 214) via piping
348 and can return the heated fluid to waterside system 200 via piping 350. Valve 352 can be positioned along piping
348 or piping 350 to control a flow rate of the heated fluid through heating coil 336. In some embodiments, heating coil
336 includes multiple stages of heating coils that can be independently activated and deactivated (e.g., by AHU controller
330, by BMS controller 366, etc.) to modulate an amount of heating applied to supply air 310.
[0047] Each of valves 346 and 352 can be controlled by an actuator. For example, valve 346 can be controlled by
actuator 354 and valve 352 can be controlled by actuator 356. Actuators 354-356 can communicate with AHU controller
330 via communications links 358-360. Actuators 354-356 can receive control signals from AHU controller 330 and can
provide feedback signals to controller 330. In some embodiments, AHU controller 330 receives a measurement of the
supply air temperature from a temperature sensor 362 positioned in supply air duct 312 (e.g., downstream of cooling
coil 334 and/or heating coil 336). AHU controller 330 can also receive a measurement of the temperature of building
zone 306 from a temperature sensor 364 located in building zone 306.
[0048] In some embodiments, AHU controller 330 operates valves 346 and 352 via actuators 354-356 to modulate
an amount of heating or cooling provided to supply air 310 (e.g., to achieve a set-point temperature for supply air 310
or to maintain the temperature of supply air 310 within a set-point temperature range). The positions of valves 346 and
352 affect the amount of heating or cooling provided to supply air 310 by cooling coil 334 or heating coil 336 and may
correlate with the amount of energy consumed to achieve a desired supply air temperature. AHU controller 330 can
control the temperature of supply air 310 and/or building zone 306 by activating or deactivating coils 334-336, adjusting
a speed of fan 338, or a combination of thereof.
[0049] Still referring to FIG. 3, airside system 300 is shown to include a building management system (BMS) controller
366 and a client device 368. BMS controller 366 can include one or more computer systems (e.g., servers, supervisory
controllers, subsystem controllers, etc.) that serve as system level controllers, application or data servers, head nodes,
or master controllers for airside system 300, waterside system 200, HVAC system 100, and/or other controllable systems
that serve building 10. BMS controller 366 can communicate with multiple downstream building systems or subsystems
(e.g., HVAC system 100, a security system, a lighting system, waterside system 200, etc.) via a communications link
370 according to like or disparate protocols (e.g., LON, BACnet, etc.). In various embodiments, AHU controller 330 and
BMS controller 366 can be separate (as shown in FIG. 3) or integrated. In an integrated implementation, AHU controller
330 can be a software module configured for execution by a processor of BMS controller 366.
[0050] In some embodiments, AHU controller 330 receives information from BMS controller 366 (e.g., commands,
setpoints, operating boundaries, etc.) and provides information to BMS controller 366 (e.g., temperature measurements,
valve or actuator positions, operating statuses, diagnostics, etc.). For example, AHU controller 330 can provide BMS
controller 366 with temperature measurements from temperature sensors 362-364, equipment on/off states, equipment
operating capacities, and/or any other information that can be used by BMS controller 366 to monitor or control a variable
state or condition within building zone 306.
[0051] Client device 368 can include one or more human-machine interfaces or client interfaces (e.g., graphical user
interfaces, reporting interfaces, text-based computer interfaces, client-facing web services, web servers that provide
pages to web clients, etc.) for controlling, viewing, or otherwise interacting with HVAC system 100, its subsystems,
and/or devices. Client device 368 can be a computer workstation, a client terminal, a remote or local interface, or any
other type of user interface device. Client device 368 can be a stationary terminal or a mobile device. For example, client
device 368 can be a desktop computer, a computer server with a user interface, a laptop computer, a tablet, a smartphone,
a PDA, or any other type of mobile or non-mobile device. Client device 368 can communicate with BMS controller 366
and/or AHU controller 330 via communications link 372.
[0052] Referring now to FIG. 4, a block diagram of a building management system (BMS) 400 is shown, according to
an exemplary embodiment. BMS 400 can be implemented in building 10 to automatically monitor and control various
building functions. BMS 400 is shown to include BMS controller 366 and a plurality of building subsystems 428. Building
subsystems 428 are shown to include a building electrical subsystem 434, an information communication technology
(ICT) subsystem 436, a security subsystem 438, a HVAC subsystem 440, a lighting subsystem 442, a lift/escalators
subsystem 432, and a fire safety subsystem 430. In various embodiments, building subsystems 428 can include fewer,
additional, or alternative subsystems. For example, building subsystems 428 can also or alternatively include a refrig-
eration subsystem, an advertising or signage subsystem, a cooking subsystem, a vending subsystem, a printer or copy
service subsystem, or any other type of building subsystem that uses controllable equipment and/or sensors to monitor
or control building 10. In some embodiments, building subsystems 428 include waterside system 200 and/or airside
system 300, as described with reference to FIGS. 2-3.
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[0053] Each of building subsystems 428 can include any number of devices, controllers, and connections for completing
its individual functions and control activities. HVAC subsystem 440 can include many of the same components as HVAC
system 100, as described with reference to FIGS. 1-3. For example, HVAC subsystem 440 can include a chiller, a boiler,
any number of air handling units, economizers, field controllers, supervisory controllers, actuators, temperature sensors,
and other devices for controlling the temperature, humidity, airflow, or other variable conditions within building 10. Lighting
subsystem 442 can include any number of light fixtures, ballasts, lighting sensors, dimmers, or other devices configured
to controllably adjust the amount of light provided to a building space. Security subsystem 438 can include occupancy
sensors, video surveillance cameras, digital video recorders, video processing servers, intrusion detection devices,
access control devices (e.g., card access, etc.) and servers, or other security-related devices.
[0054] Still referring to FIG. 4, BMS controller 366 is shown to include a communications interface 407 and a BMS
interface 409. Interface 407 can facilitate communications between BMS controller 366 and external applications (e.g.,
monitoring and reporting applications 422, enterprise control applications 426, remote systems and applications 444,
applications residing on client devices 448, etc.) for allowing user control, monitoring, and adjustment to BMS controller
366 and/or subsystems 428. Interface 407 can also facilitate communications between BMS controller 366 and client
devices 448. BMS interface 409 can facilitate communications between BMS controller 366 and building subsystems
428 (e.g., HVAC, lighting security, lifts, power distribution, business, etc.).
[0055] Interfaces 407, 409 can be or include wired or wireless communications interfaces (e.g., jacks, antennas,
transmitters, receivers, transceivers, wire terminals, etc.) for conducting data communications with building subsystems
428 or other external systems or devices. In various embodiments, communications via interfaces 407, 409 can be direct
(e.g., local wired or wireless communications) or via a communications network 446 (e.g., a WAN, the Internet, a cellular
network, etc.). For example, interfaces 407, 409 can include an Ethernet card and port for sending and receiving data
via an Ethernet-based communications link or network. In another example, interfaces 407, 409 can include a Wi-Fi
transceiver for communicating via a wireless communications network. In another example, one or both of interfaces
407, 409 can include cellular or mobile phone communications transceivers. In one embodiment, communications in-
terface 407 is a power line communications interface and BMS interface 409 is an Ethernet interface. In other embodi-
ments, both the communications interface 407 and the BMS interface 409 are Ethernet interfaces or are the same
Ethernet interface.
[0056] Still referring to FIG. 4, BMS controller 366 is shown to include a processing circuit 404 including a processor
406 and memory 408. Processing circuit 404 can be communicably connected to BMS interface 409 and/or communi-
cations interface 407 such that processing circuit 404 and the various components thereof can send and receive data
via interfaces 407, 409. Processor 406 can be implemented as a general purpose processor, an application specific
integrated circuit (ASIC), one or more field programmable gate arrays (FPGAs), a group of processing components, or
other suitable electronic processing components.
[0057] Memory 408 (e.g., memory, memory unit, storage device, etc.) can include one or more devices (e.g., RAM,
ROM, Flash memory, hard disk storage, etc.) for storing data and/or computer code for completing or facilitating the
various processes, layers and modules described in the present application. Memory 408 can be or include volatile
memory or non-volatile memory. Memory 408 can include database components, object code components, script com-
ponents, or any other type of information structure for supporting the various activities and information structures described
in the present application. According to an exemplary embodiment, memory 408 is communicably connected to processor
406 via processing circuit 404 and includes computer code for executing (e.g., by processing circuit 404 and/or processor
406) one or more processes described herein.
[0058] In some embodiments, BMS controller 366 is implemented within a single computer (e.g., one server, one
housing, etc.). In various other embodiments BMS controller 366 can be distributed across multiple servers or computers
(e.g., that can exist in distributed locations). Further, while FIG. 4 shows applications 422 and 426 as existing outside
of BMS controller 366, in some embodiments, applications 422 and 426 can be hosted within BMS controller 366 (e.g.,
within memory 408).
[0059] Still referring to FIG. 4, memory 408 is shown to include an enterprise integration layer 410, an automated
measurement and validation (AM&V) layer 412, a demand response (DR) layer 414, a fault detection and diagnostics
(FDD) layer 416, an integrated control layer 418, and a building subsystem integration later 420. Layers 410-420 can
be configured to receive inputs from building subsystems 428 and other data sources, determine optimal control actions
for building subsystems 428 based on the inputs, generate control signals based on the optimal control actions, and
provide the generated control signals to building subsystems 428. The following paragraphs describe some of the general
functions performed by each of layers 4 1 0-420 in BMS 400.
[0060] Enterprise integration layer 410 can be configured to serve clients or local applications with information and
services to support a variety of enterprise-level applications. For example, enterprise control applications 426 can be
configured to provide subsystem-spanning control to a graphical user interface (GUI) or to any number of enterprise-
level business applications (e.g., accounting systems, user identification systems, etc.). Enterprise control applications
426 can also or alternatively be configured to provide configuration GUIs for configuring BMS controller 366. In yet other
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embodiments, enterprise control applications 426 can work with layers 410-420 to optimize building performance (e.g.,
efficiency, energy use, comfort, or safety) based on inputs received at interface 407 and/or BMS interface 409.
[0061] Building subsystem integration layer 420 can be configured to manage communications between BMS controller
366 and building subsystems 428. For example, building subsystem integration layer 420 can receive sensor data and
input signals from building subsystems 428 and provide output data and control signals to building subsystems 428.
Building subsystem integration layer 420 can also be configured to manage communications between building subsys-
tems 428. Building subsystem integration layer 420 translate communications (e.g., sensor data, input signals, output
signals, etc.) across a plurality of multi-vendor/multi-protocol systems.
[0062] Demand response layer 414 can be configured to optimize resource usage (e.g., electricity use, natural gas
use, water use, etc.) and/or the monetary cost of such resource usage in response to satisfy the demand of building 10.
The optimization can be based on time-of-use prices, curtailment signals, energy availability, or other data received from
utility providers, distributed energy generation systems 424, from energy storage 427 (e.g., hot TES 242, cold TES 244,
etc.), or from other sources. Demand response layer 414 can receive inputs from other layers of BMS controller 366
(e.g., building subsystem integration layer 420, integrated control layer 418, etc.). The inputs received from other layers
can include environmental or sensor inputs such as temperature, carbon dioxide levels, relative humidity levels, air
quality sensor outputs, occupancy sensor outputs, room schedules, and the like. The inputs can also include inputs such
as electrical use (e.g., expressed in kWh), thermal load measurements, pricing information, projected pricing, smoothed
pricing, curtailment signals from utilities, and the like.
[0063] According to an exemplary embodiment, demand response layer 414 includes control logic for responding to
the data and signals it receives. These responses can include communicating with the control algorithms in integrated
control layer 418, changing control strategies, changing setpoints, or activating/deactivating building equipment or sub-
systems in a controlled manner. Demand response layer 414 can also include control logic configured to determine
when to utilize stored energy. For example, demand response layer 414 can determine to begin using energy from
energy storage 427 just prior to the beginning of a peak use hour.
[0064] In some embodiments, demand response layer 414 includes a control module configured to actively initiate
control actions (e.g., automatically changing setpoints) which minimize energy costs based on one or more inputs
representative of or based on demand (e.g., price, a curtailment signal, a demand level, etc.). In some embodiments,
demand response layer 414 uses equipment models to determine an optimal set of control actions. The equipment
models can include, for example, thermodynamic models describing the inputs, outputs, and/or functions performed by
various sets of building equipment. Equipment models can represent collections of building equipment (e.g., subplants,
chiller arrays, etc.) or individual devices (e.g., individual chillers, heaters, pumps, etc.).
[0065] Demand response layer 414 can further include or draw upon one or more demand response policy definitions
(e.g., databases, XML files, etc.). The policy definitions can be edited or adjusted by a user (e.g., via a graphical user
interface) so that the control actions initiated in response to demand inputs can be tailored for the user’s application,
desired comfort level, particular building equipment, or based on other concerns. For example, the demand response
policy definitions can specify which equipment can be turned on or off in response to particular demand inputs, how long
a system or piece of equipment should be turned off what setpoints can be changed, what the allowable set point
adjustment range is, how long to hold a high demand set-point before returning to a normally scheduled set-point, how
close to approach capacity limits, which equipment modes to utilize, the energy transfer rates (e.g., the maximum rate,
an alarm rate, other rate boundary information, etc.) into and out of energy storage devices (e.g., thermal storage tanks,
battery banks, etc.), and when to dispatch on-site generation of energy (e.g., via fuel cells, a motor generator set, etc.).
[0066] Integrated control layer 418 can be configured to use the data input or output of building subsystem integration
layer 420 and/or demand response later 414 to make control decisions. Due to the subsystem integration provided by
building subsystem integration layer 420, integrated control layer 418 can integrate control activities of the subsystems
428 such that the subsystems 428 behave as a single integrated supersystem. In an exemplary embodiment, integrated
control layer 418 includes control logic that uses inputs and outputs from a plurality of building subsystems to provide
greater comfort and energy savings relative to the comfort and energy savings that separate subsystems could provide
alone. For example, integrated control layer 418 can be configured to use an input from a first subsystem to make an
energy-saving control decision for a second subsystem. Results of these decisions can be communicated back to building
subsystem integration layer 420.
[0067] Integrated control layer 418 is shown to be logically below demand response layer 414. Integrated control layer
418 can be configured to enhance the effectiveness of demand response layer 414 by enabling building subsystems
428 and their respective control loops to be controlled in coordination with demand response layer 414. This configuration
may advantageously reduce disruptive demand response behavior relative to conventional systems. For example, in-
tegrated control layer 418 can be configured to assure that a demand response-driven upward adjustment to the set-
point for chilled water temperature (or another component that directly or indirectly affects temperature) does not result
in an increase in fan energy (or other energy used to cool a space) that would result in greater total building energy use
than was saved at the chiller.



EP 3 655 826 B1

10

5

10

15

20

25

30

35

40

45

50

55

[0068] Integrated control layer 418 can be configured to provide feedback to demand response layer 414 so that
demand response layer 414 checks that constraints (e.g., temperature, lighting levels, etc.) are properly maintained
even while demanded load shedding is in progress. The constraints can also include set-point or sensed boundaries
relating to safety, equipment operating limits and performance, comfort, fire codes, electrical codes, energy codes, and
the like. Integrated control layer 418 is also logically below fault detection and diagnostics layer 416 and automated
measurement and validation layer 412. Integrated control layer 418 can be configured to provide calculated inputs (e.g.,
aggregations) to these higher levels based on outputs from more than one building subsystem.
[0069] Automated measurement and validation (AM&V) layer 412 can be configured to verify that control strategies
commanded by integrated control layer 418 or demand response layer 414 are working properly (e.g., using data
aggregated by AM&V layer 412, integrated control layer 418, building subsystem integration layer 420, FDD layer 416,
or otherwise). The calculations made by AM&V layer 412 can be based on building system energy models and/or
equipment models for individual BMS devices or subsystems. For example, AM&V layer 412 can compare a model-
predicted output with an actual output from building subsystems 428 to determine an accuracy of the model.
[0070] Fault detection and diagnostics (FDD) layer 416 can be configured to provide ongoing fault detection for building
subsystems 428, building subsystem devices (i.e., building equipment), and control algorithms used by demand response
layer 414 and integrated control layer 418. FDD layer 416 can receive data inputs from integrated control layer 418,
directly from one or more building subsystems or devices, or from another data source. FDD layer 416 can automatically
diagnose and respond to detected faults. The responses to detected or diagnosed faults can include providing an alert
message to a user, a maintenance scheduling system, or a control algorithm configured to attempt to repair the fault or
to work-around the fault.
[0071] FDD layer 416 can be configured to output a specific identification of the faulty component or cause of the fault
(e.g., loose damper linkage) using detailed subsystem inputs available at building subsystem integration layer 420. In
other exemplary embodiments, FDD layer 416 is configured to provide "fault" events to integrated control layer 418
which executes control strategies and policies in response to the received fault events. According to an exemplary
embodiment, FDD layer 416 (or a policy executed by an integrated control engine or business rules engine) can shut-
down systems or direct control activities around faulty devices or systems to reduce energy waste, extend equipment
life, or assure proper control response.
[0072] FDD layer 416 can be configured to store or access a variety of different system data stores (or data points for
live data). FDD layer 416 can use some content of the data stores to identify faults at the equipment level (e.g., specific
chiller, specific AHU, specific terminal unit, etc.) and other content to identify faults at component or subsystem levels.
For example, building subsystems 428 can generate temporal (i.e., time-series) data indicating the performance of BMS
400 and the various components thereof. The data generated by building subsystems 428 can include measured or
calculated values that exhibit statistical characteristics and provide information about how the corresponding system or
process (e.g., a temperature control process, a flow control process, etc.) is performing in terms of error from its set-
point. These processes can be examined by FDD layer 416 to expose when the system begins to degrade in performance
and alert a user to repair the fault before it becomes more severe.

Adaptive Agent Based Control System

[0073] Referring now to F. The system 500 may be any of the BMS systems described above. Further, the system
500 may be a peer-to-peer (P2P) network, such as a Verisys system from Johnson Controls. The system 500 may
include a controller 502. The controller 502 may be a dedicated controller within a BMS. In one embodiment, the controller
502 is a cloud based server (e.g., an internet based server). For example, the controller 502 may be physically located
in one or more server farms and accessible via an internet connection. In some examples, the controller may be a
standalone device in a peer-to-peer (P2P) network, such as a Verisys system from Johnson Controls. The controller
502 may include a processing circuit 504 including an adaptive interaction manager 506. The processing circuit 504
may include a processor 508 and a memory 510. The processor 508 may be a general purpose or specific purpose
processor, an application specific integrated circuit (ASIC), one or more field programmable gate arrays (FPGAs), a
group of processing components, or other suitable processing components. The processor 508 is configured to execute
computer code or instructions stored in the memory 5 10 or received from other computer readable media (e.g., CDROM,
network storage, a remote server, etc.).
[0074] The memory 510 may include one or more devices (e.g., memory units, memory devices, storage devices,
etc.) for storing data and/or computer code for completing and/or facilitating the various processes described in the
present disclosure. The memory 510 may include random access memory (RAM), read-only memory (ROM), hard drive
storage, temporary storage, non-volatile memory, flash memory, optical memory, or any other suitable memory for
storing software objects and/or computer instructions. The memory 510 may include database components, object code
components, script components, or any other type of information structure for supporting the various activities and
information structures described in the present disclosure. The memory 510 may be communicably connected to the
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processor 508 via the processing circuit 504 and may include computer code for executing (e.g., by the processor 508)
one or more processes described herein. When the processor 508 executes instructions stored in the memory 510, the
processor 508 generally configures the processing circuit 504 to complete such activities.
[0075] The memory 510 may include the adaptive interaction manager 506, a learning engine 512, and an agent
manager 514. The learning engine 512 may be used to generate and access historical information, user feedback
information, etc. In one embodiment, the learning engine 512 may access a database 516 via the processing circuit 504.
The database 516 may include data relating to one or more BMS’s, such as building layouts, system schematics, device
information, control schemes, environmental ratings, historical data, etc. In one embodiment, the database 516 includes
contextual information. The contextual information may include dictionaries, historical data, scripts, and/or other data
for interpreting contextual information. The database 516 may further include a knowledgebase, which may include
previous commands, user responses, generated outputs, device information, agent specific learning, etc. The database
516 may further include one or more inferences. The inferences may include contextual inferences, historical inferences,
etc. In some embodiments, the learning engine 512 may provide the inferences to the database 516. The learning engine
512 may further update the inferences, as well as other data, of the database 516 over time. The learning engine 512
may further access data within the database 516 to aid in the generation of agents, as will be discussed below. The
database 516 may further include one or more universal truths associated with the system 500. In one embodiment, the
universal truths may be associated with one or more BMS controllers or devices within the system 500. In one embodiment,
the universal truths may be arranged in a universal truth table, which may be populated with universal truths for a given
system, such as system 500. Example universal truths may include a defined communication schemes between BMS
devices and/or controllers.
[0076] The agent manager 514 is further shown to include an agent scheduler 520 and an agent generator 522. In
some embodiments, the agent scheduler 520 maintains a record of all agents previously generated and active within
the system 500. Further the agent scheduler 520 may also maintain real time data relating to which agents are currently
active, and which agents are not currently active. The agent scheduler may further maintain real time data relating to
which device within the system 500 a particular agent is currently associated with. For example, as shown in FIG. 5,
agent ’A’ 524 is associated with a BMS controller 526 within a BMS 525 of the system 500. The BMS 525 can be any
combination of BMS devices as described above in regards to FIGS. 14. Further, the BMS 525 can be understood to
be a residential system, such as a home controller. The BMS controller 526 may be any BMS controller, as described
above in regards to FIGS. 1-4. Alternatively, the BMS controller 526 may be a dedicated BMS interface device, such as
an Athens Smart Hub device from Johnson Controls. The agent scheduler 520 may, therefore, maintain a record of the
agent ’A’ 524 being associated with the BMS controller 526, as well as the current status of the agent ’A’ 524.
[0077] The agent generator 522 may generate a number of agents, such as agent ’A’ 524, for use in the system 500.
The agents, as described herein, may be software applications that can run automated tasks (scripts). For example, the
agents may be software applications that can read and/or write data to one or more devices of the system. In one
embodiment, the agents may be able to generate their own software, and inject the software into one or more devices
that it is associated with. The agents may further be capable of communicating with other agents, as will be described
in more detail below, along with a more detailed description of the agents generally. The agent generator 522 may
generate an agent based on information received from the adaptive interaction manager 506. In some embodiment, the
agents are generated to perform a defined task. In other embodiments, the agents are generated to perform a defined
set of tasks. In still further embodiments, the agents are generated having a desired goal, and allowed to determine how
to meet the desired goal. In some examples, a generalized framework can be provided to a generated agent to provide
constraints as to how the goal may be achieved. In further embodiments, the agent generator 522 may modify an existing
agent. For example, the agent generator 522 may modify an existing agent to provide more functionality. In other
examples, the agent generator 522 may update the agent with additional information related to the device the agent is
associated with, such as a new firmware ("FW") update, or additional hardware (e.g. a new I/O board for a controller).
[0078] The agent generator 522 may communicate the generated agents to the BMS 525 via a BMS interface 528.
The BMS interface 528 may be a serial interface, such as RS-232 or RS-485. In one embodiment, the BMS interface
528 is a universal asynchronous receiver/transmitter ("UART"). In other examples, the BMS interface 528 may be a
wireless interface such as cellular, Wi-Fi, Zigbee, Bluetooth, RF, LoRa, etc. Additionally, the BMS interface 528 may
include other wired interfaces such as USB, Firewire, Lightning Connectors, CAT5 (wired internet), etc. The agent
generator 522 may further communicate the generated agents to the system 500 via an adaptive interaction manager
interface 530. The adaptive interaction manager interface 506 may allow the agent generator 522, as well as the process-
ing circuit 504 in general, to communicate with the adaptive interaction manager 506 via a corresponding processing
circuit interface 532. Similar to above, the adaptive interaction manager interface 530 may be a serial interface, such
as RS-232 or RS-485. In one embodiment, the adaptive interaction manager interface 530 is a UART interface. In still
other examples, the adaptive interaction manager interface 530 may be a wireless interface such as cellular, Wi-Fi,
Zigbee, Bluetooth, RF, LoRa, etc. Additionally, the adaptive interaction manager interface 530 may include other wired
interfaces such as USB, Firewire, Lightning Connectors, CAT5 (wired internet), etc.
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[0079] In some embodiments, the adaptive interaction manager 506 provides communication between one or more
I/O devices 534, one or more cloud-based applications 518, the processing circuit 504, and one or more devices, such
as the BMS controller 526. The adaptive interaction manager 506 is shown to interact with a user interface 536 for
communicating with the one or more I/O devices 534. In one embodiment, the user interface 536 may be a wireless
interface such as cellular (3G, 4G, LTE, CDMA, etc.), Wi-Fi, Zigbee, Bluetooth, RF, LoRa, etc. Additionally, the user
interface 536 may include other wired interfaces such as USB, Firewire, Lightning Connectors, CAT5 (wired internet),
UART, serial (RS-232, RS-485), etc. The I/O devices 534 may be any device capable of communicating to the adaptive
interaction manager 506, as well as providing a device for a user 538 to interface with the system 500. Example I/O
devices 534 may include personal computing devices such as smart phones (iPhone, Android phone, Windows phone),
tablet computers (iPad, Android Tablet, Windows Surface, etc.), laptop computers, and/or desktop computers. Example
I/O devices may further include a stand-alone device such as an Amazon Echo, or even a non-mobile device such as
a voice capable thermostat, or other dedicated I/O devices.
[0080] The adaptive interaction manager 506 may communicate with the cloud-based applications 518 via a network
interface 540. The network interface 540 may be an internet based interface, such as Wi-Fi, CAT5, cellular (3G, 4G,
LTE, CDMA, etc.), etc. However, other interfaces, such as Zigbee, Bluetooth, RF, LoRa, etc., are also considered. In
one embodiment, the adaptive interaction manager 506 may communicate with the cloud-based applications 518 via
one or more APIs 542. In one embodiment, the APIs 542 are proprietary APIs for interfacing the adaptive interaction
manager 506 with the cloud based applications 518. In one example, the APIs 542 can be web hosted APIs provided
by a third party provider, such as Amazon Cloud Services, Google, Apple, Microsoft, etc. In some embodiments, the
APIs 542 interface with a proprietary voice recognition application, such as a voice recognition application from Johnson
Controls. In other examples, the APIs 542 can interface with gesture recognition APIs, such as those from Johnson
Controls. Further examples of possible APIs 542 can include enterprise resource planning (ERP), or other enterprise
management software APIs for interfacing with a company or facility enterprise system (e.g. SAP). Other possible APIs
542 may include e-mail and/or calendaring interface APIs, for interfacing with an e-mail/calendaring system such as
Microsoft Outlook, Apple Mail, Google Gmail, Lotus Notes, etc.
[0081] In one embodiment, the APIs 542 interface with the cloud-based applications 518. The cloud based applications
518 may be supplied by third parties. For example, the cloud based applications 518 may include voice to text applications,
such as Amazon Voice Services, Google Voice, Apple’s Siri, or Microsoft’s Cortana. The cloud based applications 518
may further include gesture recognition applications such as those used by Microsoft Kinect. Further, other cloud based
applications 518 can include personal assistant applications such as Apple’s Siri, and Microsoft’s Cortana. By utilizing
one or more cloud based applications on a remote server, the system 500 can leverage more sophisticated and powerful
contextual data processing technology than would be applicable to install on an individual server, system, or device. For
example, cloud based voice recognition applications can provide as high as 95% natural voice recognition accuracy. In
other embodiments, the cloud-based applications 518 may include a natural language processor 519. The natural
language processor 519 may be a voice to text application, such as those described above. In other embodiments, the
natural language processor η 19 may be used to processes natural language text into computer executable commands.
For example, the natural language processor 519 may be able to analyze text provided to the system 500, such as via
e-mail or text message, and process the natural language text into a format readable by the controller 502. While the
natural language processor 519 is shown as part of the cloud-based applications 518, it is considered that the natural
language processor 519 may be separate from the cloud based applications 518, and communicate directly with the
adaptive interaction manager 506. In further embodiments, the natural language processor 519 may be integrated into
the controller 502.
[0082] The adaptive interaction manager 506 may further be in communication with one or more systems or devices
associated with a facility or building. As shown in FIG. 5, example systems and devices can include a BMS controller
526. The adaptive interaction manager 506 may communicate with the system via a system interface 544. The system
interface 54.4 may be a serial interface, such as RS-232 or RS-485. In one embodiment, the system interface 544 is a
UART interface. In still other examples, the system interface 544 may be a wireless interface such as cellular, Wi-Fi,
Zigbee, Bluetooth, RF, LoRa, etc. Additionally, the system interface 544 may include other wired interfaces such as
USB, Firewire, Lightning Connectors, CAT5 (wired internet), etc. While FIG. 5 shows the adaptive interaction manager
506 communicating with a BMS controller 526 of the system 500, the adaptive interaction manager 506 may communicate
with any suitable device associated with the BMS 525. For example, the adaptive interaction manager 506 may be able
to interface with the BMS controller 526, one or more intermediate devices 546, and/or one or more local device 548.
Example intermediate devices may include device controllers, sub-system controllers, RTU’s, AHU’s,etc. Example local
devices may include thermostats, valves, switches, actuators, etc. In one embodiment, system interface 544 may com-
municate with the BMS 525 via a network connection, such as a BACnet network connection. However, other networks,
such as Ethernet, Local Area Network, etc., are also considered.
[0083] The adaptive interaction manager 506 may further interact with other systems associated with the BMS 525.
Example system may include an e-mail calendaring server 550, a security system 552, etc. Via the BMS 525, the e-mail
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calendaring server 550, the security system 552, and/or other systems may all provide data to the adaptive interaction
manager 506, which can process the information, as will be described in more detail below. In one embodiment, the e-
mail calendaring server 550, the security system 552, and/or other systems may provide contextual data to the adaptive
interaction manager 506. In one embodiment, the adaptive interaction manager 506, via the system interface 544,
communicates with the one or more systems or devices using one or more network connections. For example, the
network connections may include a wired connection to the internet. However, other network connections are contem-
plated such as wireless connections, for example, such as cellular, Wi-Fi, Zigbee, Bluetooth, RF, LoRa, etc. Additionally,
other network connections such as serial connections (RS-485, RS-232, USB), or other connections such as Firewire,
Lightning Connectors, etc. may be used.
[0084] The e-mail/calendaring server 550 may be a third party e-mail/calendaring server, such as a Microsoft Exchange
server. In one embodiment, the e-mail/calendaring server 550 processes the calendars and schedules for the employees
of a facility, as well as for physical areas of the facility. For example, the e-mail/calendaring server 550 may processes
scheduling for conference/meeting rooms, as well as certain technology such as projectors, video conference equipment,
etc. In one embodiment, the e-mail/calendaring server 550 provides information such as schedules to the adaptive
interaction manager 506. Further, the e-mail/calendaring server 550 may allow access to e-mails by one or more cloud-
based application 518 such as the personal assistant applications described above. The personal assistant applications
may be able to extract contextual information from the data provided by the e-mail/calendaring server 550 and provide
the contextual information to the adaptive interaction manager 506 via an API 542.
[0085] The security system 552 may include multiple elements associated with a facility or building security system.
For example, the security system 552 can include multiple devices such as cameras, microphones, motion detectors,
thermal sensors, access devices (RFID locks, biometric locks, etc.), entry logs, etc. In one embodiment, the security
system 552 provides data to the adaptive interaction manager 506. The data may include occupancy data provided by
the motion detectors and/or thermal sensors. Further, the data may include video and/or digital images provided by the
cameras. In one embodiment, the digital images may be provided to the cloud-based application 518 for processing via
the adaptive interaction manager 506. For example, the cloud-based application 518 may be a gesture recognition
application, such as Microsoft Kinect.
[0086] Turning now to FIG. 6, a block diagram showing a detailed view of the learning engine 512 is shown, according
to some embodiments. The learning engine may include a number of software modules 600. The software modules are
shown to include a correlation module 602, a statistical analysis module 604, a knowledgebase interface module 606,
a machine learning interface 612, a model predictive engine 614, a test-observe learning engine, and a model free
optimization learning engine 618. The learning engine 512 may further include a feedback database 612 and a cloud-
based services interface 614. The correlation module 602 may contain computer code executable by the processor 508
of the processing circuit 504 for correlating received data to generate correlated learning data. For example, the correlation
module 602 may correlate an increase in temperature of a room at a certain time of day, with a request to lower the
temperature in the room. The correlation module 602 may therefore generate correlated learning data that may anticipate
the request to lower the temperature at the above time, and provide information to one or more agents (as discussed
below), which will allow the agents to lower the temperature prior to the request to lower the temperature being provided
to the BMS. The correlated learning data may be used by one or more agents associated with one or more BMS devices,
controllers, or functions, as described above.
[0087] The statistical analysis module 604 may contain computer code executable by the processor 508 of the process-
ing circuit 504 for providing statistical analysis of data received from the BMS. For example, the learning module may
statistically analyze user actions, data trends, operating data, feedback data, etc., to generate statistical learning data.
For example, the statistical analysis module 604 may analyze energy cost data over a period of time, and generate
statistical learning data to anticipate when energy cost will be highest, which may be used to suggest energy conservation
methods to a user via one or more agents. Further, where energy storage devices are present in the BMS, the statistical
analysis module 604 may be used to predict when the best times for charging and discharging the energy storage devices
may be, which may be pushed to one or more agents in the BMS.
[0088] The knowledgebase interface module 606 may provide access to the data stored in a knowledgebase, such
as that stored in database 516, described above. This can allow the correlation module 602 and the statistical analysis
module 604 to access data stored in one or more knowledgebases associated with the system 500 via the knowledgebase
interface module 606. In some examples, the feedback database 612 may also be able to access one or more knowl-
edgebases associated with the system 500. In some embodiments, one or more of the correlation module 602, the
statistical analysis module 604, the machine learning module 612, the model predictive engine 614, the test-observe
learning engine 616, and the model free optimization learning engine 618 may be able to write data to the one or more
knowledgebases of the system 500 via the knowledgebase interface module 606. The cloud-based services interface
614 may allow the learning engine 512 to interface with one or more cloud applications, such as cloud-based application
518 of system 500.
[0089] The machine learning module 612 may provide a machine learning engine to perform machine learning based
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on data received from the BMS 500 and/or the database 516. In some embodiments, machine learning module 612 may
receive data from multiple buildings (e.g., multiple BMSs) and learn from the data for various environmental conditions,
equipment configurations, setpoint schedules, and/or the like. For example, the machine learning module 612 may build
a model from an existing set of data and analyze subsequently received data to generate data driven predictions or
decisions. In one embodiment, the machine learning module 612 may generate algorithms that can learn from the
available data, and that are not required to follow generally static program instructions. In one embodiment, the machine
learning module 612 may perform machine learning tasks using a supervised learning system. In other embodiment,
the machine learning module 612 may perform machine learning tasks using an unsupervised learning system or a
reinforcement learning system. Further, the machine learning module 612 may utilize learning to learn, or developmental
learning operations. In one embodiment, the machine learning module 612 may utilize learning algorithms, including,
but not limited to: decision tree learning algorithms, association rule learning algorithms, artificial neural networks algo-
rithms, deep learning algorithms, inductive logic programming algorithms, support vector machines algorithms, clustering
algorithms, Bayesian network algorithms, reinforcement learning algorithms, representation learning algorithms, simi-
larity and metric learning algorithms, sparse dictionary learning algorithms, and/or genetic algorithms. In some embod-
iments, the machine learning module 612 may provide generated machine learning algorithms to one or more software
agents to generate self-learning software (e.g., intelligent) agents.
[0090] For example, intelligent agents (e.g., space agents, control agents, and/or equipment agents) may be configured
to have states and behaviors, as well as be configured to operate as a computation unit. In some embodiments, intelligent
agents may be configured to sense their environments (e.g. the system or device for which they are installed), and
evaluate potential operational options, as well as effect actions within the system or device. Intelligent agents may further
be configured to function autonomously, and can further be goal oriented (e.g. can work towards achieving specific
goals). The intelligent agents can further be configured to interact with other agents and can work in a co-operative
manner with other said agents. Additionally, intelligent agents can further learn from their behavior and the effect of the
behaviors on the environment over time based on machine learning. For example, the intelligent agents may be configured
to perceive an environment with sensors or other inputs, and act on the perceived environment with effectors. The
intelligent agents may further be configured to act upon perceived information, experiences, or own decisions. The
methods of generating and/or configuring intelligent agents and other software agents will be described in more detail
below.
[0091] In some embodiments, intelligent agents may transmit observation and action data to the machine learning
module 612 corresponding to its own environment, sensors, or other inputs, as well as actions taken and results achieved
in response to such perceived environment. In this case, the machine learning module 612 may analyze the received
data with data received from other agents in the same or other buildings to generate machine learning algorithms that
can be utilized by the other agents (e.g., intelligent agents). Taking reinforcement learning as an example, machine
learning module 612 can provide machine learning algorithms to agents (e.g., intelligent agents) to take an action for
any given state based on reinforcement learning. Reinforcement learning is a machine learning technique that determines
a reward (e.g., points or a numerical value) for an action taken in any given state, where the goal is to take actions that
result in higher rewards. In this case, the intelligent agents can aggregate the data received from machine learning
module 612 with its own observations and actions to determine a next action for a given state.
[0092] For example, referring to FIG. 7A, a block diagram of an agent for controlling the temperature of an environment
is shown, according to an exemplary embodiment. As shown in FIG. 7A, an agent (e.g., an intelligent agent) 702 receives
sensor data 704 from a sensor (e.g., a temperature sensor) 706 located in an environment (in this case a room) 708.
The agent 702 perceives a state of the environment 708 via the sensor 706, and acts on or affects the environment 708
via an effector (in this case an actuator) 710. In this example, the sensor 706 indicates that a current state of the
environment 708 (in this case an initial state) is 68 degrees, as indicated by the sensor data 704. Based on the current
state of the environment 708, the agent 702 can perform an action 712. For example, an initial action may be to open
a damper by 15 degrees (15D) for 15 minutes in order to change the temperature to achieve a specific goal or result
(e.g., 70 degrees in this example). After the action is performed, the agent 702 receives a reward 714. based on the
result of the action 712. For example, referring to FIG. 7Σ3, a table illustrating results for an initial loop through the
machine learning process of the agent in FIG. 7A is shown, according to an exemplary embodiment. The table includes
a state (Temp_Before) 716, an action (Damper_Position) 718 taken in response to the state, a result (Temp After) 720
in response to the action 720, a number of observations (or loops) 722, and a probability 724 that the same action 718
will be selected as a next action for a same (or similar) state 716, which may be calculated based on a reward (e.g.,
points) corresponding to the state 716, action 718, and result 720.
[0093] FIG. 8A is a table illustrating results for a plurality of loops through the machine learning process of the agent
in FIG. 7A, and FIG. 8B is a block diagram of an agent for selecting a next action to control the temperature of an
environment, according to an exemplary embodiment. As shown in FIG. 8A, as more actions are taken over time, the
table is continuously updated for each opportunity 802 to calculate a probability 724 for selecting a next action from
among the actions 718 based on the state 716, actions (e.g., previous actions) 718, and results 720. For example,
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referring to FIGS. 8A and 8B, for a current state 704 of 68 degrees, the agent 702 can take one of two actions 712 with
the goal of increasing the temperature to 70 degrees. The two actions 712 include opening the damper by 15 degrees
(15D) for 15 minutes or closing the damper by 15 degrees for 15 minutes. From the table shown in FIG. 8A, either of
these actions can result in the temperature of 70 degrees, as represented by the rows 804 and 806. However, there is
a 51.4% probability that opening the damper by 15 degrees for 15 minutes is more likely to result in the desired 70
degree temperature, whereas there is only a 11% probability that closing the damper by 15 degrees for 15 minutes will
result in the desired 70 degree temperature. In this example, the agent 702 will choose to open the damper by 15 degrees
for 15 minutes based on the probability 724 (or reward), and will observe the results thereafter to update the table.
However, it should be appreciated that the examples described with reference to FIGS. 7A through 8B are non-limiting
examples, and in other embodiments, there may be different or more variables for states and different or more types of
actions depending on the application. For example, adding more variables to the state (e.g., outdoor temperature) may
exponentially increase the problem space, but polynomial.
[0094] While FIGS. 7A through 8B show a non-limiting example of controlling the temperature of a particular room,
the present disclosure is not limited thereto, and it should be appreciated that various embodiments of the present
disclosure may be applied to any aspect of simulating, controlling, and/or monitoring environmental conditions, equipment,
or devices of a building, such as humidity, particulate count, occupancy time (actual and/or expected), lighting, audio/vis-
ual, fire safety, electrical, security, access control, lifts/escalators, and/or the like, for example.
[0095] Referring again to FIG. 6, the model predictive engine 614 may generate model predictive control algorithms
to be used by the controller 502. In one embodiment, the model predictive engine 614 may generate model predictive
control algorithms based on internal dynamic models of the system, a history or past control moves, and an optimization
cost function to calculate the optimum control moves. In one embodiment, the model predictive control algorithms may
be nonlinear model predictive control algorithms. In other embodiments, the model predictive control algorithms may be
robust model predictive control algorithms. The model predictive engine 614 may generate the predictive control algo-
rithms and process data received by the controller 502. The model predictive engine 614 may then output the generated
algorithms to one or more software agents. In other embodiments, the model predictive engine 614 may generate the
model predictive control algorithms and subsequently output the algorithms to one or more software agents in the system
500. The methods of generating and/or configuring software agents will be described in more detail below.
[0096] The test-observe learning engine 616 may generate testing algorithms based on performing a given test and
observing the results. For example, the test-observe learning engine 616 can vary multiple setpoints within system 500,
and monitor the outputs to determine reactions of the system 500. In some embodiments, the reactions may be based
on outputs of the system 500. In other embodiments, the reactions may be based on user feedback. For example, the
user may respond that they did not like the outputs from a particular test generated by the test-observe learning engine
616, which may then store the user feedback as a result and modify future tests accordingly. In some embodiments, the
test-observe learning engine 616 may generate one or more software agents to perform and monitor the tests. In some
embodiments, the test-observe learning engine 616 may utilize existing software agents to perform and monitor the
tests. In one example, the test-observe learning engine 616 may utilize one software agent to perform a given test, and
utilize a second software to monitor the test. The methods of generating and/or configuring software agents will be
described in more detail below.
[0097] The model free optimization learning engine 618 may generate one or more optimization models based on
historical time series and/or real-time data of the system 500. The model free optimization learning engine 618 may
utilize one or more model free methods to generate the optimization models. Example model free methods can include:
generate- and-test, enumeration, table lookup, mindless copying, adaptation, and/or evolution. These method-free meth-
ods may allow the model free optimization learning engine 618 generate one or more optimization models without
understanding the system 500 prior to being tasked with optimizing the system 500. In one embodiment, the model free
optimization learning engine 618 may provide the one or more optimization models to one or more software agents
within the system 500. In other embodiments, the model free optimization learning engine 618 may generate one or
more software agents to execute the optimization models. In other embodiments, the model free optimization learning
engine 618 may generate or utilize one or more software engines within the system 500 to execute one or more model
free methods to develop an optimization model. The methods of generating and/or configuring software agents will be
described in more detail below.
[0098] Referring now to FIG. 9 a block diagram schematic of the processing circuit 504 of the controller 502 is shown,
according to one embodiment. As described above, the processing circuit may be in communication with the database
516, and one or more cloud-based applications 518. The database 516 may include data relating to one or more BMS’s,
such as building layouts, system schematics, device information, control schemes, environmental ratings, historical data,
etc. In one embodiment, the database 516 includes contextual information accessible by the processing circuit. The
contextual information may include dictionaries, historical data, scripts, and/or other data for interpreting contextual
information. The one or more cloud-based applications 518 may be those described above. The one or more cloud-
based applications 518 may further be able to communicate with the processing circuit 504 to provide data to or from
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other applications. In some embodiments, the processing circuit 504 may access the one or more cloud-based applica-
tions 518 directly. In other embodiments, the processing circuit 504 may access the one or more cloud-based applications
518 via the adaptive interaction manager 506.
[0099] The processing circuit 504 is shown to include the processor 508 and the memory 510, as described above.
In one embodiment, the memory 510 includes the agent manager 514, the learning engine 512, the adaptive interaction
manager 506, and a VR engine 904. In one embodiment, the VR engine 904 is used to process the information processed
by the learning engine 512, the agent manager 514 and/or the cloud-based applications 518. For example, the VR
engine 904 may be used to process voice-to-text information provided by the cloud-based applications 518. Further, the
VR engine 904 may have the ability to communicate with one or more BMS devices or systems to read and/or write
parameters via the BMS interface 528, as described above. Further, the VR engine 904 may be a virtual assistant engine
which can process information provided via the applications. In some examples, the VR engine 904 may be a third party
VR engine, such as Apple’s Siri, Microsoft’s Cortana, or Amazon’s Alexa. The third party VR engines may be stored
locally in the memory 510, or accessed via an internet connection. In some embodiment, the VR engine 904 processes
information received from the adaptive interaction manager 506, via the adaptive interaction manager interface 530.
[0100] The memory 510 may further include the agent manager 514. While the agent manager 514 is shown to be
within the memory 510, it is contemplated that the agent manager 514 may be a cloud-based agent manager 514
accessible by the processing circuit 504 or the adaptive interaction manager 506. In one embodiment, the agent manager
514 generates and manages one or more agents 906 using the agent generator 522, as will be described in more detail
below. The agents 906 may be software applications that can run automated tasks (scripts). The agent generator 522
may generate the agents 906 based on information provided by the adaptive interaction manager 506. In one embodiment,
the agents 906 generated by the agent generator 522 may be configured to perform simple or complex tasks within a
BMS or other system. For example, the agents 906 may interact with portions of a BMS system, such as those described
in FIGS 1-4 above. In some examples, the generated agents 906 may be communicated directly to one or more devices
within the BMS to perform the designated actions, as described in more detail below.
[0101] In one embodiment, a user defines the agents 906 to be generated by the agent generator 522 during an initial
setup period of the controller 502. Alternatively, a user may dynamically define one or more agents 906 to be generated
by the agent generator 522. The user may define the agents 906 by defining parameters and permissions associated
with the agents 906, via one or more I/O devices 534. For example, where the agent 906 is to interact with a BMS device,
a user may define information related to the BMS to the agents 906, such as parameters associated with one or more
BMS devices, BMS device data, network data, general BMS data (building layout, control scheme, BMS equipment),
schedules, etc. Alternatively, other information such as facility calendars, e-mail access (maintenance accounts, author-
ized personnel accounts, etc.) may also be set for an agent. Further, permissions such as controllable set-points, ranges
within which the agent can modify certain parameters, scheduling changes, etc., may also be defined with the agents
906. The permissions may be based on the user defining the agents 906. Alternatively, the user, with the proper per-
mission, may set the permissions for other users who may interface with the agents 906.
[0102] In one embodiment, the user can define the agents 906 via the one or more I/O devices 534, as described
above. Alternatively, the user may be able to define the agents using a voice or gesture command. In one embodiment,
the agent manager 514 is able to dynamically define and generate agents 906 based on commands or requests received
from a user. For example, the agent manager 514 may access the learning engine 512 to dynamically define and generate
agents 906, which will be discussed in more detail below. The agent manager 514 may further be able to generate
agents based on contextual data received from a user, such as that described above. For example, where a user states
that "it is hot in here," an agent 906 may be generated by the agent manager 514 to determine the temperature at the
location of the user, and potentially interface with the user to reduce a temperature of an area of a facility. Further,
permissions may be dynamically created by the agent manager 514. For example, the agent manager 514, receiving a
request to set up an agent 906 from a user, may identify the user and then access the database 516 (or other connected
database) to determine the permission levels associated with that user. Additionally, permissions may be based on
certain locations or areas within a facility. The permissions may determine which parameters are available for the
generated agent 906 to read and/or write.
[0103] In one embodiment, the agent manager 514 may generate a location based agent 908. The location based
agent 908 may have defined parameters and permissions associated with a given location with a BMS and/or facility.
For example, the executive suite may require additional permissions than a normal conference room. In one embodiment,
the location is based on the location of the user defining the agent 908 (e.g. "lower the temperature in this room");
however, the location may also be based on the location of the system or device that the user is attempting to moni-
tor/control (e.g. "lower the temperature in room XYZ"). In one embodiment, the location is established by determining a
location of a fixed position user interface, such as I/O devices 534 described in FIG. 5, above. For example, where the
I/O device 534 is a smart thermostat, the agent manager 514 may access the database 702 to determine a location
associated with the user interface. In other examples, the I/O device 534 may provide its location to the agent manager
514 directly when communicating with the adaptive interaction manager 506. In other examples, the I/O device 534 may



EP 3 655 826 B1

17

5

10

15

20

25

30

35

40

45

50

55

not have a fixed location, such as where the I/O device 534 is located on a mobile device. In one embodiment, the I/O
device 534 provides location information regarding the location of the I/O device 534 to the adaptive interaction manager
506. For example, the I/O device 534 may provide GPS data, altimeter data, Wi-Fi data, etc. to the adaptive interaction
manager. In one embodiment, the agent manager 514 compares the location data with building and/or facility layout
data in the database 516 to determine a location of the I/O device 534 in relation to a BMS and/or building/facility.
[0104] In a further embodiment, the agent manager 514 may generate a function-based agent 910. The function based
agent 910 may have defined parameters and permissions associated with a given function or series of functions asso-
ciated with a BMS For example, the agent manager 514 may generate a functional-based agent 910 such as an "energy
management agent." The energy management agent may be defined to monitor and/or evaluate energy related data
associated with a BMS. For example, the energy management agent may monitor and evaluate energy related data
such as kWh, peak demand, etc. Other functional-based agents 910 may include chiller management agents, HVAC
management agents, lighting management agents, etc. In some embodiments, the function based agents 910 are
configured by the agent manager 514 to generate context specific reports for related functions. In some examples, the
function-based agents 910 may evaluate the user, type of available data, location, etc. and generate dynamic reports.
In other examples, the user can define what parameters/data is requested in the reports. In still further examples, a user
may be able to modify the dynamically generated reports over time by indicating which data is and is not required and/or
desired by the user. Further, the user can provide feedback to the function-based agent 910 to provide additional guidance
related to the frequency with which the reports should be generated (i.e. daily, weekly, monthly, etc.). While the function-
based agent 910 or the location based agent 908 may generate reports, a report generating agent 912 may also be
generated to produce reports. In one embodiment, the report generating agent 912 may be able to generate reports
across multiple locations and/or functions.
[0105] In some embodiments, the agent manger 514 may generate equipment agents for various building equipment
(e.g., BMS devices) such as those described with reference to FIGS. 1-4. Each equipment agent may be associated
with a specific device within the BMS, such that equipment agent for the specific device is a digital twin or shadow of
the specific device. For example, a VAV may have an associated VAV agent, a sensor may have an associated sensor
agent, an AHU may have an associated AHU agent, a chiller may have an associated chiller agent, an RTU may have
an associated RTU agent, and/or the like. Thus, an associated equipment agent is a software representation of the
associated equipment, and may have the same states and controls of the associated equipment. For example, a cor-
responding equipment agent may have access to the same inputs and outputs as those of the associated equipment.
Further, the corresponding equipment agent may be able to control and/or monitor various parameters of the associated
equipment. However, in some embodiments, an equipment agent is not limited to representing a single device or equip-
ment, for example, an equipment agent may represent a logical group of devices or equipment (e.g., all AHU’s, all VAV’s,
all temperature sensors, all thermostats, or the like).
[0106] In some embodiments, the agent manager 514 may generate space agents for various spaces (e.g., building,
floor, room, zone, and/or the like) of a corresponding building. However, in some embodiments, a space agent is not
limited to representing a single space (e.g., building, floor, room, zone, and/or the like), for example, a space agent may
represent a logical group of spaces (e.g., all meeting rooms on floor 5, all restrooms in the building, or the like). In some
embodiments, each space has its own programmable optimization state (e.g., optimized for comfort, optimized for cost,
or the like), and the space agent for each space represents the programmable optimization state for the space. In some
embodiments, the space agent may monitor and control an environmental condition of the associated space based on
the programmable optimization state for the space. For example, in some embodiments, space agents own the temper-
ature setpoint for their respective space, and can calculate the effective temperature setpoint for their respective space
based on the optimization state of the space. However, the present disclosure is not limited thereto, and it should be
appreciated that space agents may be used to control and/or monitor other environmental conditions of their particular
space, such as humidity, particulate count, occupancy time (actual and/or expected), lighting, audio/visual, fire safety,
electrical, security, access control, and/or the like, for example.
[0107] In some embodiments, space agents may monitor the conditions and parameters of the space, as well as the
health of the various equipment that serve the space. For example, the space agent may monitor the current temperature,
humidity level, size, location, number of windows, number of occupants, occupancy patterns, and/or the like of the space.
Further, the space agent may monitor the health or status of sensors, lighting devices, blinds or shades, VAV units,
AHU, and/or other building equipment that serve the space. In some embodiments, the space agent may be a parent
of all of the agents associated with the space. In some embodiments, space agents may have a hierarchal order such
that a space agent of a higher order may override controls of each of the space agents (and/or other agents) of a lower
order. For example, a building agent may be the parent of all of the floor agents in the building, each of the floor agents
may be a parent of all of the room agents associated with a particular floor, each of the room agents may be a parent
of all equipment agents that serve a particular room, and/or the like. In some embodiments, the parent agents may
communicate with each of the corresponding child agents by exchanging messages via channels that the parent agents
and/or child agents are subscribed to, as will be described in more detail below.
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[0108] In some embodiments, the agent manager 514 may generate control agents. Control agents may be similar to
function-based agents, but are configured to provide commands or logic to the other agents to optimize or override
various control functions. For example, in some embodiments, control agents include optimization algorithms that are
used by the space agents to optimize a space for a given optimization state. In some embodiments, the control agents
communicate with the space agents to optimize or override controls of the equipment serving the particular space, and
the space agents communicate with the equipment agents to provide controls to the equipment agents for controlling
the equipment serving the particular space. Accordingly, each of the space agents and equipment agents are informed
of the optimization or override commands, without the control agents having to determine the equipment and corre-
sponding equipment agents that service a particular space. However, the present disclosure is not limited thereto, and
in other embodiments, the control agents can communicate with the space agents and the equipment agents concurrently
(or simultaneously) via a corresponding channel, which can reduce latencies in the communication chain. In some
embodiments, control agents can include, for example, global data sharing agents, temporary occupancy override agents,
scheduled exception agents, flow setpoint reset agents, optimal start/stop agents, reheat valve control agents, unoccupied
mode night setback agents, chiller sequencing agents, and the like.
[0109] In a non-limiting example, referring to FIG. 10, a temporary occupancy override agent is shown, according to
one exemplary embodiment. The temporary override agent 1002 (who is named Comfy in this example) may provide
an interactive interface 1000 to a user to temporarily override a pre-set environmental condition in a space (e.g., a room).
While FIG. 10 shows that the interactive interface 1000 is presented to the user on a display device, the present disclosure
is not limited thereto, and in other embodiments, the interactive interface may be a voice recognition interface such as
those discussed above with reference to FIG. 5. In the example shown in FIG. 10, the space is a meeting room. Generally,
a space agent associated with the meeting room may modify the environmental setpoints within the meeting room based
on multiple factors, including a schedule of events within the room. The space agent may lower (or increase) the tem-
perature of the meeting room prior to, and during a scheduled meeting. Once the meeting is scheduled to conclude, the
space agent may adjust the environmental parameters to conserve energy. The temporary occupancy override agent
1002 may allow users to indicate that they are still occupying the meetings space (e.g. if a meeting goes long), and in
response, the temporary occupancy override agent 1002 may override the space agent’s settings to ensure that the
temperature of the meeting room remains at a comfortable setting. In other embodiments, the temporary occupancy
override agent 1002 (or the space agent for the meeting room, as another example) may be able to detect occupancy
in a space (e.g., via an occupancy sensor), and can adjust the environmental setpoints accordingly, regardless of an
occupancy schedule of the space.
[0110] In some examples, the temporary occupancy override agent 1002 may receive an indication from an occupant
that they would like the environmental setpoints to be modified to make the occupant(s) more comfortable. For example,
the temporary occupancy override agent 1002 may provide a command interface 1004 on the interactive interface 1000,
or receive a natural language voice command via a voice recognition interface. In this case, if the occupants prefer a
temperature other than the normal settings, or if the meeting room remains occupied outside of a scheduled time, the
temporary occupancy override agent 1002 may allow the occupants to make temporary changes to the environmental
setpoints. For example, the temporary occupancy override agent 1002 may only allow the occupants to modify the
environmental setpoints after a set time has lapsed, such as seven minutes, but other time periods are contemplated.
In some embodiments, the occupants can specify for how long the environmental setpoints should be modified. Restricting
the time period for which the occupant can modify the environmental setpoints ensures that energy is not wasted, which
may occur when the occupants are only in the meeting space for a short, unscheduled period. In some embodiments,
the temporary occupancy override agent 1002 may only allow the user that has scheduled the meeting to modify the
environmental setpoints. In other embodiments, the temporary occupancy override agent 1002 may allow each of the
expected attendees (e.g., as determined via the meeting invite) to modify the environmental setpoints. However, the
present disclosure is not limited thereto, for example, in other embodiments, the temporary occupancy override agent
1002 may allow any occupant within the meeting room to modify the environmental setpoints.
[0111] While the temporary override agent shown in FIG. 10 is shown to override a temperature of the meeting room,
the present disclosure is not limited thereto, and it should be appreciated that control agents may be used to optimize
and/or override any suitable environmental conditions, equipment, or devices of a building, such as humidity, particulate
count, occupancy time (actual and/or expected), lighting, audio/visual, fire safety, electrical, security, access control,
lifts/escalators, and/or the like, for example.
[0112] The above described agents are exemplary only, and it is contemplated that other agent types may be generated
to provide any functionality within the capability of the system 500. Further, it should be known that one or more of the
location based agent 908, the function based agent 910, the reporting agent 912, the equipment agent, the space agent,
and/or the control agent may be combined into a single agent generated by the agent generator 522. For example, a
BMS-need agent may be generated. The BMS need agent may be an autonomous agent that can evaluate current
needs of the BMS 525, and perform tasks independently to address the needs. Further, a BMS sequence optimizer
agent may be generated. The BMS sequence optimizer agent may be utilized to evaluate the sequence of operations
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within the BMS 525. The BMS sequence optimizer agent may then perform optimization functions to the sequences of
the BMS 525 to increase the operating efficiency of the BMS 525.
[0113] In various embodiments, the agents described above can generally communicate with each other, and with
the BMS in general, using messages. Messages may be serialized pieces of data that are published to a channel. The
channel may allow the messages to be sent to all agents that are subscribed to the channel. In one embodiment, each
message may contain a unique identifier and the identifier of the agent that published the message. An agent can publish
(e.g. send) a message to a channel or subscribe (receive) a message from a channel. A message that is published to
a channel is received by all subscribers to that channel. A channel may contain any group of agents that need to
communicate with each other. In some embodiments, channels are the medium used by the agents to send and receive
messages, and passing messages may be the only method of providing communication to and from agents. Further,
the messaging infrastructure and the agents may be separate from each other. For example, the agents may be configured
to not know their location, other agents in the group, or any other details of the messaging infrastructure. Likewise, the
messaging infrastructure may not know anything about the agents other than which agent to send messages to. The
generation and configuration of channels will be described in more detail with reference to FIGS. 11 through 13 below.
[0114] Referring again to FIG. 9, the agent manager 514 may further include a training module 914, and an agent
intelligence module 916. The training module 914 is an exemplary module that may be within the agent manager 514.
The training module 914 can be used to train one or more of the agents generated by the agent manager 514. The
training module 914 may define boundaries and expectations associated with agents generated by the agent generator
522. While the training module 914 is shown as a standalone module in the agent manager 514, the training module
914 may be incorporated into one or more generated agents. In one example, the training module 914 may define what
parameters for a given BMS device may or may not be adjusted. The training module 914 may also define value ranges
within which parameters associated with BMS devices may be adjusted. In other examples, the training module 914
may train the agents by defining other conditions required to modify or access certain parameters. For example, param-
eters associated with certain BMS devices may only be accessible during certain times, by certain users, etc. In one
embodiment, the training module 914 may be in communication with the database 516 to access information about the
BMS and associated devices, such as schedules, permissions, rules, connected systems, etc.
[0115] In some embodiments, the adaptive interaction manager 506 can provide information to the training module
914 to further train the agents generated by the agent manager 514. For example, user data may be presented to the
adaptive interaction manager 506 via the I/O devices 534 indicating when the user would like certain functions to be
performed by one or more of the generated agents. This information can be processed by the adaptive interaction
manager 506 and passed to the training module 914 via the processing circuit 504. For example, the user may want
reports generated at a certain time each day, and that the reports contain information gathered over a user defined time
period. Further, the user may define what information is desired to be in the report. In other examples, user data may
instruct the training module 914 to "train" the agents to perform certain tasks such as optimization of energy usage during
certain times or in certain locations.
[0116] The training module 914 may further allow for user specified outcomes and objectives to be used to further
train generated agents 906. By allowing for user specified outcomes and objectives to be used, the agents can constantly
evolve to provide more accurate feedback. Examples of user specified outcomes and objectives training can include
feedback after mistakes or incorrect outputs are generated by an agent 906. In one example, an agent 906 may suggest
and perform a particular function, and subsequently provide a report to a user indicating the outcome associated with
the performed action. The user then may be asked if the agent 906 should continue to perform the particular function
in the future. This information may be stored in the agent 906, as well as the training module 722. This can allow the
training module 722, and the agent manager 514 in general, to learn what is likely to be acceptable by the user. Further,
this information can be provided to the learning engine 512, which may process the feedback to help learn from previously
generated agents. For example, a function-based agent 910, such as an energy management agent, may suggest
running chillers in parallel to decrease the time to regulate temperature in a portion of a facility when there are sudden
temperature swings (e.g. when a large group of people enter a room to attend a meeting.). However, if the cost is too
high to run parallel chillers, a user may instruct the agent 910 to stop running the chillers in parallel. This information is
gathered by the training module 914 and provided to the learning engine, which may update a knowledgebase. In some
embodiments, the training module 722 may store the information in the database 516. Over time, the training module
722 may collect enough information to learn what are acceptable costs for certain gained efficiencies and can instruct
the agent 906 to perform its tasks accordingly. In still further examples, the training module 914 may include cost
restrictions associated with agent functions. For example, some actions may not be allowed where it is determined that
the associated cost would exceed a given value. In other examples, the cost restrictions may be associated with the
user presenting the request. In that instance, a supervisor, or person with authority to approve the cost may be contacted,
and allowed to approve/disapprove the change. For example, a text message could be generated and transmitted to a
mobile device associated with the authorized person who can reply to the text message to approve or deny the cost,
via the adaptive interaction manager 506. Other communication methods such as e-mail, push notifications, etc., are
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further contemplated.
[0117] In other examples, a user may be presented with a list of possible actions that an agent can perform in certain
situations, allowing a user to select which particular action should be performed. In one embodiment, the possible actions
are presented to the user via a user interface, such as those described above. Further, the training module 914 may
store the user selections (e.g. in the database 516) and learn over time how a user generally proceeds, and take the
actions without consulting the user in each occurrence.
[0118] In a further embodiment, the training module 914 may provide an agent 906 with new rules via the agent
manager 514. For example, a user 538 may be presented with a question of "would you like an alert if this (a given
situation) happens again" via an I/O device 534. If the user responds in the affirmative, the training module 914 may
create a rule within the associated agent 906 to generate an alert to be provided to the user 538 when the condition
occurs in the future. Further, the user may be prompted if they "would like a monthly report showing data for Unit X?"
Again, if the user responds in the affirmative, the training module 914 may create a rule within the associated agent 96
to generate a monthly report showing data for unit X. Alternatively, the training module 914 may instruct the agent
generator 522 to generate a reporting agent associated with unit X, and provide parameters around what should be
included in the report. Further, the above alert rules and reports may be modified over time as more information becomes
available. For example, more rules may be added, such as providing for alerts regarding changes to preventative
maintenance (PM) schedules, and/or assignments of maintenance persons.
[0119] The agent manager 514 may further include an agent intelligence module 916. The agent intelligence module
916 may evaluate a request by a user 538 to attempt to provide intelligence around the generated agent 906. For
example, the agent intelligence module 916 may determine what the user’s 538 purpose is in generating the request.
For example, the agent intelligence module 916 may analyze if the purpose is to generate a report, optimize a system,
perform simple or complex controls, etc. This may be used by the agent generator 522 in determining what parameters,
attributes, etc., should be placed on a generated agent. Further, the agent intelligence module 916 may determine what
a user 538 wants. For example, does the user 538 want a basic or isolated data point, or does the user 538 want data
to be provided over time. Further, the agent intelligence module 916 may determine what reports, sequences, or other
data the user cares about. In some instances, the agent intelligence module 916 may access the database or the learning
engine 512 to see what a particular user has requested in the past. Further, the agent intelligence module 916 may
access the database 516 to determine what types of data, reports, etc. a user has requested or accessed over time.
This information can be provided to the agent generator 522 to help customize agents to be a particular user’s 538
specifications.

Agent Messaging Infrastructure

[0120] As briefly discussed above, the various agents described herein are used to simulate a building or system, and
communicate with each other by publishing messages via one or more communication channels. The use of agents and
agent-based communication can provide multiple advantages over current BMS systems. Agent-based communication
systems described herein can facilitate speed and efficiency improvements over other systems. For example, commu-
nication channels can be automatically created in response to a set of conditions, and may be dynamically modified
according to changing events or conditions. In some embodiments, the conditions may be defined by the agents, for
example according to building management system controls, occupancy within spaces, and the like. By registering an
agent to a particular space within a defined building space hierarchy, messages can be automatically communicated
upstream to parent agents (e.g., parent spaces) and/or downstream to child agents (e.g., child spaces, equipment,
and/or the like). Furthermore, ad hoc generation of communication channels enables communication to be dynamically
managed for a particular purpose. Accordingly, for example, messages that are sent, received, archived, and/or retrieved
over a communication channel can be limited to the purpose (e.g., by limiting the devices that may publish messages,
or the types of messages from each device) and dynamically modified. The communication channel may in effect perform
similar to a "filtered" channel, simplifying analysis of published information, requiring less data to be searched by sub-
scribers to the communication channel (e.g., a building controller), and fewer computer processor cycles.
[0121] Turning now to FIG. 11, a block diagram of an agent-based communication system 1100 is shown, according
to one embodiment. The system 1100 may be any of the BMS systems described above. In some embodiments, the
system 1100 may be a part of the adaptive agent based control system as described with reference to FIG. 5, or may
be separate from the adaptive agent based control system. Further, the system 1100 may be a peer-to-peer (P2P)
network, such as a Verisys system from Johnson Controls. The system 1100 may include a controller 1102. The controller
1102 may be a dedicated controller within a BMS. In one embodiment, the controller 1102 is a cloud-based server (i.e.
an internet-based server). For example, the controller 1102 may be physically located in one or more server farms and
accessible via an internet connection. In some examples, the controller 1102 may be a standalone device in a peer-to-
peer (P2P) network, such as a Verisys system from Johnson Controls. The controller 1102 may include a processing
circuit 1104. The processing circuit 1104 may include a processor 1108 and a memory 1110. The processor 1108 may
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be a general purpose or specific purpose processor, an application specific integrated circuit (ASIC), one or more field
programmable gate arrays (FPGAs), a group of processing components, or other suitable processing components. The
processor 1108 is configured to execute computer code or instructions stored in the memory 1110 or received from
other computer readable media (e.g., CDROM, network storage, a remote server, etc.).
[0122] The memory 1110 may include one or more devices (e.g., memory units, memory devices, storage devices,
etc.) for storing data and/or computer code for completing and/or facilitating the various processes described in the
present disclosure. The memory 1110 may include random access memory (RAM), read-only memory (ROM), hard
drive storage, temporary storage, non-volatile memory, flash memory, optical memory, or any other suitable memory
for storing software objects and/or computer instructions. The memory 1110 may include database components, object
code components, script components, or any other type of information structure for supporting the various activities and
information structures described in the present disclosure. The memory 1110 may be communicably connected to the
processor 1108 via the processing circuit 1104 and may include computer code for executing (e.g., by the processor
1408) one or more processes described herein. When the processor 1108 executes instructions stored in the memory
1110, the processor 1108 generally configures the processing circuit 1104 to complete such activities.
[0123] The memory 1110 is shown to include a channel manager 1118, a zone manager 1116, an agent manager
1114, and a message log database 1112. Although the channel manager 1118, the zone manager 1116, the agent
manager 1114, and the message log database 1112 are shown in the memory 1110, in other embodiments one or more
are provided separately from the memory 1110, such as within the BMS controller 1126, the security system 1152, or
the cloud-based service 1120.
[0124] In some embodiments, the agent manager 1114 may be similar to or the same as the agent manager 514
described with reference to FIG. 5. For example, in some embodiments, the agent manager 1114 maintains a record of
all agents previously generated and active within the system 1100. Further the agent manager 1114 may also maintain
real time data relating to which agents are currently active, and which agents are not currently active. The agent manager
1114 may further maintain real time data relating to which device within the system 1100 a particular agent is currently
associated with. Further, the agent manager 1114 may generate a number of agents, such as agent 1124 (or any of the
types of agents discussed above), for use in the system 1100.
[0125] In some embodiments, the agent manager 1114 may communicate the generated agents to the BMS via a
communication interface 1128. The communication interface 1128 may be one or more wireless or wired interfaces. In
some embodiments, the communication interface 1128 may include a wireless interface such as cellular (3G, 4G, LTE,
CDMA, etc.), Wi-Fi, ZigBee, Bluetooth, RF, LoRa, etc. Additionally, the communication interface 1128 may include wired
interfaces such as USB, Firewire, Lightning Connectors, CAT5 (wired internet), UART, serial (RS-232, RS-485), etc. In
some embodiments, the communication interface 1128 may include a network connection, such as a BACnet network
connection.
[0126] In some embodiments, the zone manager 1116 is configured to define a space within one or more buildings
or zones. In some embodiments, the zone manager 1116 can be configured to define a building space hierarchy that
maps each room or portioned space within each floor within a building. In this regard, the zone manager 1116 can be
configured to map or define each BMS device within the building zone hierarchy, for example by mapping the BMS
device to a building space (e.g., a room of a building floor).
[0127] In some embodiments, the zone manager 1116 is configured to define a building control zone. The building
control zone can be associated with a control circuit that regulates operations of a BMS device in response to an input,
such as data point values of a building sensor. In this regard and as described herein, the channel manager 1118 can
be configured to generate a communication channel for the building control zone and register agents associated with
spaces and/or BMS devices to the generated communication channel.
[0128] In some embodiments, the zone manager 1116 is configured to define a physical location zone and/or a
geolocation zone. The physical location zone and/or the geolocation zone can relate to a physical location of a person
or a building device, such as a GPS position or a location within a building. In some embodiments, the physical location
zone generally corresponds to a static location and the geolocation zone generally corresponds to moving location. In
some embodiments, a physical location of a person can be determined based on any method disclosed herein, such as
location information received from a computing device (e.g., the user device 1134) associated with a person. The zone
manager 1116 can be configured to generate a geolocation zone that follows the computing device. Any size or type of
physical location zone and geolocation zone can be used. For example, a geolocation zone can correspond to a circular
area having a one-mile diameter with the computing device at the center. In some embodiments, the physical location
zone and/or geolocation zone size can vary based on an input condition. For example, the zone manager 1116 can be
configured to increase the size of the geolocation zone when a distance of the computing device relative to a location
exceeds a particular threshold distance value.
[0129] The channel manager 1118 can be configured to generate a communication channel associated with a space,
equipment, control function, and/or the like, and manage registration of agents to the communication channel. In this
regard, when an agent is registered to a communication channel, the agent may receive and/or publish messages over
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the communication channel as described herein. For example, an agent associated with a computing device may be
registered to a communication channel associated with a physical location zone when the geolocation overlaps with a
portion of the physical location zone. In another example, the channel manager 1118 can be configured to create a
communication channel associated with a physical location zone in response to an occupancy level, as described herein.
[0130] In some embodiments, the channel manager 1118 can be configured to register an agent associated with a
BMS device during commissioning of the BMS device. For example, if a new BMS device is added and mapped to a
building space (e.g., a zone, room, or floor in a building), channel manager 1118 can be configured to automatically
register the agent associated with the BMS device to a corresponding communication channel for the space. In this
regard, the zone manager 1116 can be configured to map the BMS device to a particular space of the building, e.g., a
physical location zone and/or a building control zone.
[0131] In some embodiments, the channel manager 1118 can be configured to create and/or manage a communication
channel based on attributes associated with one or more agents. In an example implementation, employees of a business
can each be associated with a computing device, whereby an agent associated with the computing device includes one
or more attribute values indicating a job title, experience level, health information, etc. The channel manager 1118 may
be configured to create and/or manage a communication channel, for example to ensure the safety of the employees,
mitigate business risks, and the like.
[0132] In some implementations, the channel manager 1118 is configured to perform security related tasks for a
communication channel. In some embodiments, the channel manager 1118 can be configured to perform an authenti-
cation process prior to or during registration of an agent to a communication channel. Any suitable authentication process
may be used, including password, tokenization, biometric, and/or multi-factor systems. In some embodiments, the au-
thentication process may vary depending upon a level of access or risk associated with registration of an agent to a
communication channel.
[0133] In some embodiments, the channel manager 1118 is configured to perform an authorization process to determine
whether a particular agent has subscription access and/or a level of subscription access. For example, an agent asso-
ciated with a temperature sensor may not be authorized to subscribe to messages from the communication channel,
even though the agent associated with the temperature sensor is authorized to publish messages on the communication
channel (e.g., relating to temperature measurements). In contrast, an agent associated with a thermostat may be au-
thorized to publish messages as well as to subscribe to messages on the communication channel, for example to receive
messages with information relating to a control setpoint. In either example, authorization may or may not be limited, e.g.,
to all messages of the channel, to building control messages of the channel, to temperature-related messages of the
channel, and/or the like.
[0134] As another example implementation, an agent associated with a computing device of an independent contractor
may have only limited subscription access to messages published over a channel (e.g., to receive security alerts). In
contrast, an agent associated with a computing device of a system level administrator or top-level executive may be
authorized to receive all messages published over a channel.
[0135] In some embodiments, the channel manager 1118 is configured to perform an authorization process to determine
whether a particular agent has publication access and/or a level of publication access. Publication access may be
selectively configured based on the type of device, for example to limit the number of messages published over a channel
and the corresponding data on the channel. For example, an agent associated with a building device may not have
publication authorization or limited publication authorization based on a particular control circuit and inputs therein.
[0136] In some embodiments, the channel manager 1118 is configured to store authentication and/or authorization
information as one or more attributes of an agent. In some embodiments, the channel manager 1118 may be configured
to interact with other devices or systems described herein to facilitate authentication and/or authorization. In some
embodiments, authentication and/or authorization processes are handled by other devices or systems described herein,
and not by the channel manager 1118. For example, in some embodiments, authentication and/or authorization processes
may be handled by one or more agents.
[0137] In some embodiments, the channel manager 1118 is configured to store published messages of a communi-
cation channel in the message log database 1112. In some embodiments, an agent can be configured to retrieve stored
messages. For example, in some embodiments an agent may be configured with an attribute relating to whether the
agent has an "active" status, e.g., whether the agent is actively receiving and/or publishing messages to the channel.
For example, an agent with subscription to a communication channel may be "inactive," such that the agent does not
actively receive published messages. In this regard, the agent can subsequently retrieve unreceived messages from a
database, as described herein.
[0138] In some embodiments, message passing may be implemented via a Redis Pub/Sub system. In Redis Pub/Sub
semantics, an agent or function may publish messages on any authorized channel arbitrarily simply by calling the
PUBLISH command and specifying the name of the channel. Furthermore, abstraction provides agents with no (direct)
control over which channels they communicate on. However, exceptions can be configured using a link property of an
agent’s configuration. In general, all messages and agent outputs are published on all the channels on which the agent
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is authorized to publish to, according to the seniatitics described above. A similar process may be used to decide which
messages an agent should receive.
[0139] For example, referring to FIGS. 12A and 12B, various flow charts illustrating a number of publish-subscribe
messaging patterns are shown, according to some embodiments. In FIG. 12A, a first messaging pattern 1200 illustrates
a stand messaging scheme. A publisher 1202 publishes a message onto a channel 1204, which is then transmitted to
subscribers 1206, 1208, and 1210 that are subscribed to the channel 1204, as discussed above. In FIG. 12B, a second
messaging pattern 1250 illustrates a publisher 1252 publishing a message, which is then received by a communication
infrastructure system 1254. The communication infrastructure system 1254 may be configured to parse the message
for a specific aspect, such as a topic, an associated space, associated equipment, etc. The communication infrastructure
system 1254 can then determine which channel 1254 and/or 1258 the message should be transmitted to, and provides
the message to subscribers of that channel. In other embodiments, the publisher 1252 can publish messages to each
of the channels 1256 and 1258, which is then transmitted to subscribers 1260, 1262, and 1264 that are subscribed to
the channels 1256 and 1258. As shown in FIG. 12B, subscriber 1 1260 is only subscribed to channel A 1256, subscriber
2 1262 is subscribed to both channels A and B 1256 and 1258, and subscriber 3 1264 is only subscribed to channel B
1258. Example communication infrastructures may utilize decoupling and asynchronous delivery, as well as multiway
delivery. This can allow for high throughput within the communication infrastructure. By using a message and channel
based communication infrastructure, a scalable, persistent and anonymous communication scheme may be created.
[0140] Referring again to FIG. 11, in some embodiments, channel manager 1118 is configured to generate special
channels. Special channels are treated differently from other channels (e.g., standard channels). In some embodiments,
special channels may include command channels, agents state channels, metadata channels, waypoint channels, and
or the like, which may be identified by a universally unique identifier (UUID) (e.g., randomly generated) at runtime. In
some embodiments, the waypoint channel is used to process messages sent into the system from other systems or
tools. In some embodiments, the command channel may be used to pass processed external instructions inside the
building simulation. In some embodiments, the agent state channels and the metadata channels are used to publish
information about the simulation to external systems or tools.
[0141] For example, the waypoint channel may be configured such that messages published to the waypoint channel
may be arbitrary JSON, and are handled by the JSON to Haystack Bridge Agent. In order to maintain compatibility with
the Haystack oriented internal semantics of the simulation’s messaging infrastructure, the agent receives external com-
mands, and converts them to a haystack compatible grid structure where the values of the grid rows are JSON encoded
messages. The converted messages may then be sent out on the command channel.
[0142] The command channel may be subscribed to by all agents that process or executes the commands, and is
intended to facilitate passing command and control instructions to a running simulation without getting "external" com-
mands mixed up in other channels, or requiring knowledge of the network topology of a given simulation. From the
agent’s perspective (since agents are not aware of the channel a given message was received), command messages
are identified by having "outside command" in the action column of the message’s haystack grid, and have a JSON
encoded payload in the actionVal column. The individual agents may then define their behavior with respect to these
external messages, which could be set up to mirror internal messaging behavior, add in parameterized tweaks, and/or
the like.
[0143] The metadata channel is used to publish simulation configurations and metadata to any external tools, such
as a Web UI. In one embodiment, three metadata messages are sent per simulation run, but the present disclosure is
not limited thereto, and in other embodiments more or less than three messages may be sent at a time. For example,
in some embodiments, the three messages include a hierarchical structure of agents and zones which are used by the
external tools to build a space navigation element, the UUID of a corresponding waypoint channel, and channel information
that each agent publishes on to be used by the external tool to display state changes of a given space. The agent state
channel is used to publish public portions of an agent’s state. By default, the agent state includes any setpoints, outputs,
or sensor data, but can be configured to output arbitrary parts of the agent’s state by overriding a public state function
on an agent. In some embodiments, agents may only publish messages within the system when a value changes. In
other embodiments, the agents may publish data once per clock cycle for every agent on the Agent state channel to
provide a real-time view of the agent state.
[0144] Still referring to FIG. 11, the user device 1134 may be any device capable of communicating to the controller
1102, as well as providing a device for a user 1138 to interface with the system 1100. In some embodiments, the user
device 1134 may include personal computing devices such as smart phones (iPhone, Android phone, Windows phone),
tablet computers (iPad, Android Tablet, Windows Surface, etc.), laptop computers, and/or desktop computers. The user
device 1434 may further include a stand-alone device such as an Amazon Echo, or even a non-mobile device such as
a voice capable thermostat, or other dedicated user device.
[0145] The BMS controller 1126 may be any BMS controller as described herein. In some embodiments, the BMS
controller 1126 may be a dedicated BMS interface device, such as an Athens Smart Hub device from Johnson Controls.
In some embodiments, the controller 1102 is configured to communicate with the intermediate devices 1146 via the
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BMS controller 1126. Each of the intermediate devices 1146 and the local devices 1148 may be any BMS or HVAC
device as described herein. In some embodiments, the intermediate devices 1146 may include device controllers, sub-
system controllers, RTU’s, AHU’s, etc. In some embodiments, the local devices 1148 may include thermostats, valves,
switches, actuators, etc. As shown in FIG. 11, in some embodiments, there is no direct connection between the agent
manager 1114 and the local devices 1148. In this case, the processing circuit 1104 may transmit the agent generation
parameters to the local device 1148 via the BMS controller 1126 and one or more of the intermediate devices 1146.
[0146] In some embodiments, the agent generation parameters may include instructions to the BMS controller 1126
and the intermediate device 1146 to pass the agent generation parameters to the local device 1148 for installation. In
still further embodiments, the agent generation parameters may be a fully functional agent, which, upon being received
by the BMS controller 1126, can further propagate itself to the local device 1148 via the intermediate device 1146. For
example, agent generation parameters may include system data, which allows the agent to map a path to the required
local device 1148. Once the agent generation parameters have been received at local device 1148, an agent can install
itself onto local device 1148. In some embodiments, the agent parameters are installed on a memory of the local device
1148, and an executable program file is executed using a processing device of the local device, thereby generating the
agent within the local device 1148.
[0147] The security system 1152 may include multiple elements associated with a facility or building security system.
For example, the security system 1152 can include multiple devices such as occupancy sensors or systems, cameras,
microphones, motion detectors, thermal sensors, access devices (RFID locks, biometric locks, etc.), entry logs, etc. In
one embodiment, the security system 1152 provides data to the controller 1102. The data may include occupancy data
provided by the motion detectors and/or thermal sensors. Further, the data may include video and/or digital images
provided by the cameras. In one embodiment, the digital images may be provided to the cloud-based service 1120 for
processing via the controller 1102. For example, the cloud-based service 1120 may be a gesture recognition application,
such as Microsoft Kinect.
[0148] Referring now to FIG. 13, an example channel hierarchal structure is shown, according to one exemplary
embodiment. In some embodiments, space agents may be generated to represent every space in a building. For example,
as shown in FIG. 13, a building agent 1302 may represent the entire building, floor agents 1306, 1308, etc., may represent
each respective floor in the building, and room agents 1312, 1314, 1316, etc., may represent each room on each
respective floor in the building. In some embodiments, the building agent 1302 may monitor, manage, or control each
of the agents that serves the building, the floor agents 1306, 1308, etc., may monitor, manage, or control each of the
agents that serves a corresponding floor, and the room agents 1312, 1314, 1316, etc., may monitor, manage, or control
each of the agents that serves a corresponding room. Thus, in some embodiments, each of the space agents may have
one or more associated communication channels, so that each of the space agents can communicate with other agents
via their respective communication channels.
[0149] For example, a building channel 1304 may be generated for the building agent 1302, a floor channel 1310,
etc., may be generated for each of the floor agents 1306, 1308, etc., and a room channel 1318, etc., may be generated
for each of the room agents 1312, 1314, 1316, etc. In some embodiments, the building agent 1302 may communicate
with each of the floor agents 1306, 1308, etc., via the building channel 1304, and each of the floor agents 1306, 1308,
etc., may communicate with each of the room agents 1312, 1314, 1316, etc., on their respective floors via their respective
floor channels 1310, etc. Thus, in this example, the building agent 1302 and each of the floor agents 1306, 1308, etc.,
may be registered on the building channel 1304 to publish and/or subscribe to messages received on the building channel
1304, and each of the floor agents 1306, 1308, etc., and their respective room agents 1312, 1314, 1316, etc., may be
registered on their respective floor channels 1310, etc., to publish and/or subscribe to messages received on their
respective floor channels 1310, etc.
[0150] Similarly, in some embodiments, each of the room agents 1312, 1314, 1316, etc., may communicate with other
agents (e.g., thermostat agent 1322, temperature sensor agent 1324, control agent 1326, and/or the like) that serve
their corresponding room via a corresponding room channel 1318, etc. Thus, in this example, each of the room agents
1312, 1314, 1316, etc., and their respective other agents (e.g., thermostat agent 1322, temperature sensor agent 1324,
control agent 1326, and/or the like) that serve their corresponding room may be registered on their respective room
channels 1318, etc., to publish and/or subscribe to messages received on their respective room channels 1318, etc.
Thus, in this example, messages that are published from parent agents can be transmitted downstream to child agents,
and messages that are published from the child agents can be transmitted upstream to the parent agents as needed or
desired.
[0151] For example, if the building is in an emergency state, the building agent 1302 can publish an emergency
message on the building channel 1304, each of the floor agents 1306, 1308, etc., can receive the emergency message
on the building channel 1304 and republish the emergency message on their respective floor channels 1310, etc., each
of the room agents 1312, 1314, 1316, etc., can receive the emergency message on their respective floor channels 1310,
etc., and republish the emergency message on their respective room channels (and/or other channels) 1318, etc., and
each of the agents that serve their respective rooms can receive the emergency message on their respective room
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channels (and/or other channels) 1318, etc. Then, each of the agents can implement emergency procedures and transmit
messages that the emergency procedures have been implemented upstream via their respective channels in a similar
manner, so that the building agent 1302 can receive the messages via the building channel 1304. However, the present
disclosure is not limited thereto, and in other embodiments, each of the child agents may also be registered to publish
and/or subscribe to messages on each of their respective parent agents, grandparent agents, etc., so that messages
published on the higher channels can be received concurrently (or simultaneously) by each of the child agents, grandchild
agents, etc.
[0152] In some embodiments, other channels may also be generated for each of the space agents (or other agents)
as needed or desired. For example, as shown in FIG. 13, the room agent 1312 also has a corresponding command
channel 1320 to control the control agent 1326, VAV agent 1328, and AHU agent 1330 via the command channel 1320.
In this case, when the room agent publishes a message, each of the room channel 1318 and the command channel
1320 receives the message to monitor, manage, or control the other agents that are subscribed to those channels.
However, the present disclosure is not limited thereto, and it should be appreciated that any number of channels and
type of channels as discussed above may be generated for the space agents and/or other agents as desired or required.
For example, in other embodiments, the building agent 1302 and/or the floor agents 1306, 1308, etc., may also have a
corresponding command channel to monitor and/or control various equipment or devices that serve the entire building
(e.g., elevators, building access control devices, and/or the like) or floor.
[0153] Referring now to FIG. 14, a flow diagram illustration a process for a building management system simulation
is shown, according to an exemplary embodiment. Referring to FIG. 14, the process 1400 starts and a space agent is
generated by the agent manager 514 at block 1405 to represent a space within a building. In some embodiments, the
space may be the building, floor, room, zone, and/or the like. In some embodiments, the space agent is configured to
maintain an environmental condition (e.g., temperature setpoint, schedule, occupancy status, and/or the like) of the
space based on an optimization state (e.g., optimized for costs, optimized for comfort, and/or the like) of the space.
[0154] In some embodiments, an equipment agent is generated by the agent manager 514 at block 1410 to represent
a device that serves the space. In some embodiments, the device may be, for example, a BMS device, such as a
thermostat, temperature sensor, AHU, VAV, and/or the like. In other embodiments, the device may be any suitable
device, such as an audio visual device, blinds or shades, digital clock, and/or the like. In some embodiments, the
equipment agent controls and/or monitors the device, such that the equipment agent has the same input/output functions
of the device. In some embodiments, the device is located within the space, whereas in other embodiments, the device
is located outside the space but configured to serve the space.
[0155] In some embodiments, a control agent is generated by the agent manager 514 at block 1415. In some embod-
iments, the control agent has control functions that override or optimize various control functions. In some embodiments,
the control agent may be, for example, a global data sharing agent, a temporary occupancy override agent, a scheduled
exception agent, a flow setpoint reset agent, an optimal start/stop agent, a reheat valve control agent, an unoccupied
mode night setback agent, a chiller sequencing agent, and/or the like. In some embodiments, the control functions (or
control logic) may correspond to the optimization state of the space. In some embodiments, the control functions override
the optimization state of the space. For example, if the optimization state of the space is to conserve energy at a certain
time of day, the control function may override the optimization state for occupant comfort during the certain time of day
when the space is still occupied.
[0156] In some embodiments, a space communication channel associated with the space may be generated by the
channel manager 1118 at block 1420. In some embodiments, each of the space agent, equipment agent, and control
agent may be registered on the space communication channel at block 1425. In some embodiments, each of the space
agent, equipment agent, and control agent may be configured to publish and/or subscribe to messages received on the
space communication channel. In some embodiments, published messages may received from the space agent, the
equipment agent, and/or the control agent and transmitted to at least one of the space agent, the equipment agent, or
the control agent via the space communication channel at block 1430. In some embodiments, a state of the device may
be changed based on at least one of the messages at block 1445. For example, if the device is a VAV and the message
relates to a changed temperature setpoint, the VAV may open a damper to change its state based on the temperature
setpoint.
[0157] In some embodiments, the space may be a room within a building, and a floor agent may be generated by the
agent manager 514 to represent a floor within the building on which the room is located. In some embodiments, the
agent manager 514 may generate a building agent to represent the building. In some embodiments, the channel manager
1118 may generate a floor communication channel associated with the floor and a building communication channel
associated with the building. In some embodiments, the building agent and the floor agent may be registered on the
building communication channel to exchange messages. In some embodiments, the floor agent and the room agent
may be registered on the room communication channel to exchange messages. In some embodiments, the building
agent may override controls of the other agents (e.g., floor agent, room agent, equipment agent, and/or control agent)
by publishing messages over the building communication channel, and the floor agent may override controls of the other



EP 3 655 826 B1

26

5

10

15

20

25

30

35

40

45

50

55

agents by publishing messages on the floor communication channel.

Channel Configuration Examples

[0158] In some embodiments, internal messages (e.g. messages within the simulation) are formatted using a Haystack
JSON encoding standard. A number of helper functions may be available for formatting simple message packets in a
Haystack compatible manner and/or parse and extract specific portions of certain messages. Further, messages from
an agent to a web-based user interface, and vice versa, may be serialized as JSON. In some embodiments, messages
may be dispatched synchronously or asynchronously. In a synchronous system, the messages are transmitted to a
channel, dispatched to agents which subscribe to the channel, and any responses are republished if they are provided.
In an asynchronous system, the messages may be injected into the system by publishing properly formatted messages
to the correct Redis channel. By performing this process asynchronously, the architecture can be leveraged to demon-
strate concurrent/parallel interactions using add-ons or other extensions to a given configuration.
[0159] The decentralized message passing architectures described herein have various differences from existing
HVAC architectures. For example, the decentralized message passing architecture may utilize a shared nothing archi-
tecture, meaning that each agent is independent and self-sufficient with absolutely no shared state. In this case, the
only way for agents to know about each other in a shared nothing architecture is through messages. For example,
assuming there is an optimization on an AHU fan speed, which requires VAV and thermostat information to compute,
the following channel configuration may be used:

• EQUIPMENT Channel

+ Publishers:

1 VAV1, VAV2, ... , VAVn, thermostat1, thermostat2, ... , thermostatN

o Subscribers

1 AHU1

[0160] This is needed in order for the AHU to receive the information from the thermostats and VAVs necessary to
compute the optimum fan speed. To move the above optimization logic into its own separate agent (Opt1), then the
channel may be configured as follows:

• EQUIPMENT Channel

o Publishers

1 Opti, VAV1, VAV2, ..., VAVn, thermostat1, thermostat2, ... thermostat

+ Subscribers

1 Opti1, AHU1

The above reconfiguration of the Equipment channel moves all the optimization logic to Opt1, which can then send a
fan speed command to AHU1.
[0161] In some embodiments, the above architecture may further improve change propagation. For example, due to
the decentralized nature of the messaging infrastructure, there can be significant lag time between when a sensor change
is first noticed, and when a corrective action happens. Change and corrective actions are reported via messages instead
of a centralized state so the number of hops a message has to travel can become a limiting factor. As an example, a
thermostat may register a temperature increase that should lead to a VAV sending more cooling air and the AHU
increasing its fan speed. The propagation of the change may progress as follows:

• Thermostat sensor records temperature change

• Thermostat sends temperature change message

• VAV receives temperature change message
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• VAV changes it’s damper offset

• VAV sends damper offset change message

• AHU receives damper offset change message

• AHU changes it’s fan speed

[0162] The above message chain delays the AHU from changing its fan speed by at least the time of two message
cycles. Thus, longer chains of changes and corrective actions will have corresponding longer delays. In some embod-
iments, to reduce lag time, a command channel can be configured so that a control agent (Ctrl) can send a message to
the AHU to change it’s fan speed while the VAV is changing it’s damper offset. In this case, the following channel
configuration may be used:

• CONTROL Channel:

o Publishers

1 Ctrl1, Thermostat

o Subscribers

1 Ctrl1, VAV, AHU

In this example, the propagation of change may progress as follows:

• Thermostat sensor records temperature change

• Thermostat sends temperature change message

• Ctrl1 and VAV receives temperature change message

• Ctrl1 sends a damper offset change message while VAV changes it’s damper offset

• AHU receives damper offset change message

• AHU changes it’s fan speed

[0163] Agents in the above architectures may also frequently have partial or stale information with which to make
decisions as a consequence of communicating through asynchronous messages. For example, a VAV agent (VAV1),
may have a behavior that is dependent on thermostats A, B, and C. The thermostat messages can arrive in thirteen
different ways, as shown here: ({ABC}), ({A}-{BC}), ({A}-{B}-{C}), ({AB}-{C}), ({A}-{C}-{B}), ({AC}-{B}), ({B}-{AC}),
({B}-{ A}-{C}), ({B}-{C}-{A}), ({BC}-{A}), ({C}-{A}-{B}), ({C}-{AB}), ({C}-{B}-{A}). Only ({ABC}) will give VAV1 a complete
up to date view of the thermostat’s sensor information. All other permutations of message arrivals will have VAV1 working
with incomplete information. In some embodiments, VAV1 can store previous thermostat sensor readings until it has
the up to date view needed to perform its function.
[0164] As discussed above, agents can be used to simulate a BMS. The agents may be used to represent any aspect
of a simulation. The agents can be used either at a very specific individual level (e.g., a temperature sensor), or a more
complex aggregated level (e.g., an agent that monitors and coordinates temperature setpoints for a building). In some
embodiments, agents only have access to their own internal state, and the content of any messages published on
channels to which they are subscribed. Therefore, an agent can be abstractly described as simply a function from an
initial/internal state and (optionally) a set of input messages, to a different internal state and (optionally) a set of output
messages. These properties and behaviors are implemented by defining a plurality of behavioral functions and a display
function.
[0165] For example, in some embodiments, specific agent behavior is defined by implementing one or more of the
following functions, and optionally a function defining which portions of their internal state are published to various display
tools. However, not all functions must be defined to specify a valid agent, and any functions not defined in a given
implementation will be no-ops (e.g., no operation). In some embodiments, an agent (such as one of the various types
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of agents described above) may further be passed into a channel via a parameter for each function, such as behavior
functions.
[0166] According to an example embodiment, an example message format may be represented by the following:

       {’<group name (i.e., output, sensor_data, display)>’ : {
         ’<reading name> ’ : {
          ’value’ : ’<reading value (often a floating point but not always)>’ ,
          ’units’ : ’<reading unit>’ ,
          ’title’ : ’<reading display>’
        }
      }

[0167] A list of agents and the last time that they have sent a message may be represented by the following heart-
beatMap:

       {’id’ : ’<agent id>’ , ’curVal’ : ’<last timestamp of a heartbeat message>’}

[0168] A reading type may be represented by the following metadata of readingType:

       {’readingType’ : ’<type of reading (e.g., temperature, psi, air flow)>’}

where a reading message type is used to communicate an agent’s output or sensors to other agents on the channel by
the following:

       {’id’ : ’<agent id>’ ,
        ’dis’ : ’-description of reading>’ ,
        ’curval’ : ‘<a HayStack quantity (e.g., a data structure with a value and units)>’}

[0169] A sample action message used to give commands to agents on a channel (e.g., change a VAV’s setpoint) may
be represented by the following:

       {’id’ : ’<agent id>’ ,
        ’action’ : ’<action to be performed>’ ,
        ’actionVal’ : ’<information necessary to perform the action (e.g., new setpoint)>’}

[0170] In some embodiments, a behavior function may be a "per tick update" function. The per tick update function is
run once per "tick" for every agent. The per tick update function is configured to return a list of 0 to N messages (where
N is a natural number) which will be published to the agents channels. A tick may be a number on the sequence (0 ...
N) representing a step of time (e.g. five seconds, one minute, or the like). Generally, a tick has no relation to physical time.
[0171] In some embodiments, another behavior function is a message handling function. The message handling
function is called for every message received by an agent. The message handling function return value may be generally
expected to be a (possibly empty) array of messages to be published as based on the input message. In some embod-
iments, another behavior function is a sensor read function. The sensor read function is provided as a semantically
distinct place to implement behavior which simulates sensor reading for a given agent, or to make a call to actual sensor
hardware and integrate the result. The sensor read function can be configured to modify the internal state of an agent.
However, in some embodiments, the return value of the sensor read function may not be used to trigger any sort of
message publication, so any sensor changes that are to result in messages being published to the rest of the system
should have a matching implementation in the agents tick update function, which may be configured to return a new
published message conditioned on changes in an agent’s internal state.
[0172] In some embodiments, another behavior function is a public state function. The public state function may be
called once per tick, and may be used to return an internal agent state to be published on a channel, such as the Agent
State channel. The internal agent state may then be displayed via a UI (e.g., WEB UI). For example, a return value of
the public state function may be represented by the following:

       {’agent’ : ’<agent id>’
        ’state’ : ’<publicly publishable state>’}

[0173] Accordingly, in some embodiments, for each step through the call cycle, an agent’s processes may run in the
order of: tick_update => read_sensors => behavior => public state. A simulation, such as that described above, may
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run for a number of ticks specified by the initial runner script. For every tick, the following actions may be performed for
every agent.

1. Update tick - once per tick update function.

2. Update_sensor_data - a hook for agents to simulate sensor data and update their internal state.

3. Function_name _here --- called for every message received by the agent. Can optionally return a response/result
message to be published.

[0174] While some of the above non-limiting examples are described with reference to controlling and/or monitoring
temperature, the present disclosure is not limited thereto, and it should be appreciated that various embodiments of the
present disclosure may be applied to simulate, control, and/or monitor any suitable environmental conditions, equipment,
or devices of a building, such as humidity, particulate count, occupancy time (actual and/or expected), lighting, audio/vis-
ual, fire safety, electrical, security, access control, lifts/escalators, and/or the like, for example.

Configuration of Exemplary Embodiments

[0175] The construction and arrangement of the systems and methods as shown in the various exemplary embodiments
are illustrative only. Although only a few embodiments have been described in detail in this disclosure, many modifications
are possible (e.g., variations in sizes, dimensions, structures, shapes and proportions of the various elements, values
of parameters, mounting arrangements, use of materials, colors, orientations, etc.). For example, the position of elements
can be reversed or otherwise varied and the nature or number of discrete elements or positions can be altered or varied.
Accordingly, all such modifications are intended to be included within the scope of the present disclosure. The order or
sequence of any process or method steps can be varied or re-sequenced according to alternative embodiments. Other
substitutions, modifications, changes, and omissions can be made in the design, operating conditions and arrangement
of the exemplary embodiments without departing from the scope of the present disclosure.
[0176] The present disclosure contemplates methods, systems and program products on any machine-readable media
for accomplishing various operations. The embodiments of the present disclosure can be implemented using existing
computer processors, or by a special purpose computer processor for an appropriate system, incorporated for this or
another purpose, or by a hardwired system. Embodiments within the scope of the present disclosure include program
products comprising machine-readable media for carrying or having machine-executable instructions or data structures
stored thereon. Such machine-readable media can be any available media that can be accessed by a general purpose
or special purpose computer or other machine with a processor. By way of example, such machine-readable media can
comprise RAM, ROM, EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium which can be used to carry or store desired program code in the form of machine-
executable instructions or data structures and which can be accessed by a general purpose or special purpose computer
or other machine with a processor. Combinations of the above are also included within the scope of machine-readable
media. Machine-executable instructions include, for example, instructions and data which cause a general purpose
computer, special purpose computer, or special purpose processing machines to perform a certain function or group of
functions.
[0177] Although the figures show a specific order of method steps, the order of the steps may differ from what is
depicted. Also two or more steps can be performed concurrently or with partial concurrence. Such variation will depend
on the software and hardware systems chosen and on designer choice. All such variations are within the scope of the
disclosure. Likewise, software implementations could be accomplished with standard programming techniques with rule
based logic and other logic to accomplish the various connection steps, processing steps, comparison steps and decision
steps.

Claims

1. A system (500, 1100) for a building management system, BMS, simulation, the system (500, 1100) comprising:

- one or more processors (508, 1108); and
- a memory (510, 1110) coupled to the one or more processors (508, 1108) and having instructions stored
thereon that, when executed by the one or more processors (508, 1108), cause the one or more processors
(508, 1108) to:
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- generate a space agent representing a space in a building (10), the space agent configured to maintain
an environmental condition of the space based on an optimization state of the space;
- generate an equipment agent representing a device that is configured to control, monitor and/or manage
the space; and
- register the space agent and the equipment agent to a space communication channel associated with the
space,

wherein the space agent is configured to communicate with the equipment agent over the space communication
channel.

2. The system (500, 1100) of claim 1,

wherein the environmental condition corresponds to a temperature setpoint,
wherein the space agent is preferably configured to set the temperature setpoint based on the optimization state.

3. The system (500, 1100) of claim 1 or 2, wherein the instructions further cause the one or more processors (508,
1108) to:

- generate a control agent (1326) having control logic to control the environmental condition of the space; and
- register the control agent (1326) to the space communication channel associated with the space,

wherein the control agent (1326) is configured to communicate with the space agent over the space communication
channel to provide the control logic to the space agent.

4. The system (500, 1100) of claim 3,
wherein the space agent is configured to communicate with the equipment agent and the control agent (1326) by
publishing messages to the space communication channel and receiving messages published by the equipment
agent and the control agent (1326) from the space communication channel.

5. The system (500, 1100) of claim 4,
wherein the control logic corresponds to the optimization state; or wherein the control logic overrides the optimization
state.

6. The system (500, 1100) of one of claims 1 to 5,

wherein the space is a room within the building (10), and wherein the instructions further cause the one or more
processors (508, 1108) to:

- generate a floor agent (1306, 1308) representing a floor within the building (10) on which the room is
located; and
- register the floor agent (1306, 1308) and the space agent to a floor communication channel associated
with the floor,

wherein the floor agent (1306, 1308) is configured to communicate with the space agent over the floor commu-
nication channel.

7. The system (500, 1100) of claim 6,
wherein the instructions further cause the one or more processors (508, 1108) to:

- generate a building agent (1302) representing the building (10); and
- register the building agent (1302) and the floor agent (1306, 1308) to a building communication channel
associated with the building (10),

wherein the building agent (1302) is configured to communicate with the floor agent (1306, 1308) over the building
communication channel.

8. The system (500, 1100) of claim 7,
wherein the building agent (1302) is configured to override controls of each of the other agents by publishing
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messages on the building communication channel, and the floor agent (1306, 1308) is configured to override controls
of the space agent by publishing messages on the floor communication channel.

9. A method for simulating a building management system, the method comprising:

- generating, by one or more processors (508, 1108), a space agent representing a space in a building (10),
the space agent configured to maintain an environmental condition of the space based on an optimization state
of the space;
- generating, by the one or more processors (508, 1108), an equipment agent representing a device that controls,
monitors and/or manages the space; and
- registering, by the one or more processors (508, 1108), the space agent and the equipment agent to a space
communication channel associated with the space,

wherein the space agent is configured to communicate with the equipment agent over the space communication
channel.

10. The method of claim 9,

wherein the environmental condition corresponds to a temperature setpoint,
wherein the space agent is preferably configured to set the temperature setpoint based on the optimization state.

11. The method of claim 9 or 10, wherein the method further comprises:

- generating, by the one or more processors (508, 1108) a control agent (1326) having control logic to control
the environmental condition of the space; and
- registering, by the one or more processors (508, 1108), the control agent (1326) to the space communication
channel associated with the space,

wherein the control agent (1326) is configured to communicate with the space agent over the space communication
channel to provide the control logic to the space agent.

12. The method of claim 11,
wherein the space agent is configured to communicate with the equipment agent and the control agent (1326) by
publishing messages to the space communication channel and receiving messages published by the equipment
agent and the control agent (1326) from the space communication channel.

13. The method of claim 12,
wherein the control logic corresponds to the optimization state; or wherein the control logic overrides the optimization
state.

14. The method of one of claims 9 to 13,

wherein the space is a room within the building (10), and wherein the method further comprises:

- generating, by the one or more processors (508, 1108), a floor agent (1306, 1308) representing a floor
within the building (10) on which the room is located; and
- registering, by the one or more processors (508, 1108), the floor agent (1306, 1308) and the space agent
to a floor communication channel associated with the floor,

wherein the floor agent (1306, 1308) is configured to communicate with the space agent over the floor commu-
nication channel.

15. The method of claim 14, further comprising:

- generating, by the one or more processors (508, 1108), a building agent (1302) representing the building (10);
and
- registering, by the one or more processors (508, 1108), the building agent (1302) and the floor agent (1306,
1308) to a building communication channel associated with the building (10),
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wherein the building agent (1302) is configured to communicate with the floor agent (1306, 1308) over the building
communication channel, wherein the building agent (1302) is preferably configured to override controls of each of
the other agents by publishing messages on the building communication channel, and the floor agent (1306, 1308)
is preferably configured to override controls of the space agent by publishing messages on the floor communication
channel.

Patentansprüche

1. System (500, 1100) für die Simulation eines Gebäudemanagementsystems, BMS, wobei das System (500, 1100)
Folgendes umfasst:

- einen oder mehrere Prozessoren (508, 1108); und
- einen Speicher (510, 1110), der mit dem einen oder den mehreren Prozessoren (508, 1108) gekoppelt ist und
der darauf gespeicherte Anweisungen aufweist, die, wenn sie von dem einen oder den mehreren Prozessoren
(508, 1108) ausgeführt werden, den einen oder die mehreren Prozessoren (508, 1108) zu Folgendem veran-
lassen:

- Generieren eines Raumagenten, der einen Raum in einem Gebäude (10) darstellt, wobei der Raumagent
konfiguriert ist, um eine Umgebungsbedingung des Raums basierend auf einem Optimierungszustand des
Raums aufrechtzuerhalten;
- Generieren eines Ausrüstungsagenten, der ein Gerät darstellt, das konfiguriert ist, um den Raum zu
steuern, zu überwachen und/oder zu verwalten; und
- Registrieren des Raumagenten und des Ausrüstungsagenten auf einem Raumkommunikationskanal, der
dem Raum zugeordnet ist,

wobei der Raumagent konfiguriert ist, um mit dem Ausrüstungsagenten über den Raumkommunikationskanal zu
kommunizieren.

2. System (500, 1100) nach Anspruch 1,

wobei die Umgebungsbedingung einem Temperatursollwert entspricht,
wobei der Raumagent vorzugsweise konfiguriert ist, um den Temperatursollwert basierend auf dem Optimie-
rungszustand einzustellen.

3. System (500, 1100) nach Anspruch 1 oder 2, wobei die Anweisungen ferner den einen oder die mehreren Prozes-
soren (508, 1108) zu Folgendem veranlassen:

- Generieren eines Steuerungsagenten (1326) mit einer Steuerungslogik, um den Umgebungszustand des
Raums zu steuern; und
- Registrieren des Steuerungsagenten (1326) auf dem dem Raum zugeordneten Raumkommunikationskanal,

wobei der Steuerungsagent (1326) konfiguriert ist, um mit dem Raumagenten über den Raumkommunikationskanal
zu kommunizieren, um die Steuerungslogik an den Raumagenten bereitzustellen.

4. System (500, 1100) nach Anspruch 3,
wobei der Raumagent konfiguriert ist, um mit dem Ausrüstungsagenten und dem Steuerungsagenten (1326) durch
Veröffentlichen von Nachrichten an den Raumkommunikationskanal und Empfangen durch den Ausrüstungsagen-
ten und den Steuerungsagenten (1326) veröffentlichte Nachrichten von dem Raumkommunikationskanal zu kom-
munizieren.

5. System (500, 1100) nach Anspruch 4,
wobei die Steuerungslogik dem Optimierungszustand entspricht; oder wobei die Steuerungslogik den Optimierungs-
zustand außer Kraft setzt.

6. System (500, 1100) nach einem der Ansprüche 1 bis 5,

wobei der Raum ein Zimmer innerhalb des Gebäudes (10) ist, und wobei die Anweisungen ferner den einen
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oder die mehreren Prozessoren (508, 1108) zu Folgendem veranlassen:

- Generieren eines Stockwerksagenten (1306, 1308), der ein Stockwerk innerhalb des Gebäudes (10)
darstellt, in dem sich das Zimmer befindet; und
- Registrieren des Stockwerksagenten (1306, 1308) und des Raumagenten auf einem dem Stockwerk
zugeordneten Stockwerkskommunikationskanal,

wobei der Stockwerksagent (1306, 1308) konfiguriert ist, um mit dem Raumagenten über den Stockwerkskom-
munikationskanal zu kommunizieren.

7. System (500, 1100) nach Anspruch 6,

wobei die Anweisungen ferner den einen oder die mehreren Prozessoren (508, 1108) zu Folgendem veranlas-
sen:

- Generieren eines Gebäudeagenten (1302), der das Gebäude (10) darstellt; und
- Registrieren des Gebäudeagenten (1302) und des Stockwerksagenten (1306, 1308) auf einem dem
Gebäude (10) zugeordneten Gebäudekommunikationskanal,

wobei der Gebäudeagent (1302) konfiguriert ist, um mit dem Stockwerksagenten (1306, 1308) über den Ge-
bäudekommunikationskanal zu kommunizieren.

8. System (500, 1100) nach Anspruch 7,
wobei der Gebäudeagent (1302) konfiguriert ist, um Steuerungen von jedem der anderen Agenten durch Veröffent-
lichen von Nachrichten auf dem Gebäudekommunikationskanal außer Kraft zu setzen, und der Stockwerksagent
(1306, 1308) konfiguriert ist, um Steuerungen des Raumagenten durch Veröffentlichen von Nachrichten auf dem
Stockwerkskommunikationskanal außer Kraft zu setzen.

9. Verfahren zum Simulieren eines Gebäudemanagementsystems, wobei das Verfahren Folgendes umfasst:

- Generieren, durch einen oder mehrere Prozessoren (508, 1108), eines Raumagenten, der einen Raum in
einem Gebäude (10) darstellt, wobei der Raumagent konfiguriert ist, um eine Umgebungsbedingung des Raums
basierend auf einem Optimierungszustand des Raums aufrechtzuerhalten;
- Generieren, durch den einen oder die mehreren Prozessoren (508, 1108), eines Ausrüstungsagenten, der
ein Gerät darstellt, das den Raum steuert, überwacht und/oder verwaltet; und
- Registrieren, durch den einen oder die mehreren Prozessoren (508, 1108), des Raumagenten und des Aus-
rüstungsagenten auf einem dem Raum zugeordneten Raumkommunikationskanal,

wobei der Raumagent konfiguriert ist, um mit dem Ausrüstungsagenten über den Raumkommunikationskanal zu
kommunizieren.

10. Verfahren nach Anspruch 9,
wobei die Umgebungsbedingung einem Temperatursollwert entspricht, wobei der Raumagent vorzugsweise kon-
figuriert ist, um den Temperatursollwert basierend auf dem Optimierungszustand einzustellen.

11. Verfahren nach Anspruch 9 oder 10, wobei das Verfahren ferner Folgendes umfasst:

- Generieren, durch den einen oder die mehreren Prozessoren (508, 1108), eines Steuerungsagenten (1326)
mit einer Steuerungslogik, um den Umgebungszustand des Raums zu steuern; und
- Registrieren, durch den einen oder die mehreren Prozessoren (508, 1108), des Steuerungsagenten (1326)
auf dem dem Raum zugeordneten Raumkommunikationskanal,

wobei der Steuerungsagent (1326) konfiguriert ist, um mit dem Raumagenten über den Raumkommunikationskanal
zu kommunizieren, um die Steuerungslogik an den Raumagenten bereitzustellen.

12. Verfahren nach Anspruch 11,
wobei der Raumagent konfiguriert ist, um mit dem Ausrüstungsagenten und dem Steuerungsagenten (1326) durch
Veröffentlichen von Nachrichten an den Raumkommunikationskanal und Empfangen durch den Ausrüstungsagen-
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ten und den Steuerungsagenten (1326) veröffentlichte Nachrichten von dem Raumkommunikationskanal zu kom-
munizieren.

13. Verfahren nach Anspruch 12,
wobei die Steuerungslogik dem Optimierungszustand entspricht; oder wobei die Steuerungslogik den Optimierungs-
zustand außer Kraft setzt.

14. Verfahren nach einem der Ansprüche 9 bis 13,

wobei der Raum ein Zimmer innerhalb des Gebäudes (10) ist, und wobei das Verfahren ferner Folgendes
umfasst:

- Generieren, durch den einen oder die mehreren Prozessoren (508, 1108), eines Stockwerksagenten
(1306, 1308), der ein Stockwerk innerhalb des Gebäudes (10) darstellt, in dem sich das Zimmer befindet; und
- Registrieren, durch den einen oder die mehreren Prozessoren (508, 1108), des Stockwerksagenten (1306,
1308) und des Raumagenten auf einem dem Stockwerk zugeordneten Stockwerkskommunikationskanal,

wobei der Stockwerksagent (1306, 1308) konfiguriert ist, um mit dem Raumagenten über den Stockwerkskom-
munikationskanal zu kommunizieren.

15. Verfahren nach Anspruch 14, das ferner Folgendes umfasst:

- Generieren, durch den einen oder die mehreren Prozessoren (508, 1108), eines Gebäudeagenten (1302),
der das Gebäude (10) darstellt; und
- Registrieren, durch den einen oder die mehreren Prozessoren (508, 1108), des Gebäudeagenten (1302) und
des Stockwerksagenten (1306, 1308) auf einem dem Gebäude (10) zugeordneten Gebäudekommunikations-
kanal,

wobei der Gebäudeagent (1302) konfiguriert ist, um mit dem Stockwerksagenten (1306, 1308) über den Gebäude-
kommunikationskanal zu kommunizieren, wobei der Gebäudeagent (1302) vorzugsweise konfiguriert ist, um Steu-
erungen von jedem der anderen Agenten durch Veröffentlichen von Nachrichten auf dem Gebäudekommunikati-
onskanal außer Kraft zu setzen, und der Stockwerksagent (1306, 1308) vorzugsweise konfiguriert ist, um Steue-
rungen des Raumagenten durch Veröffentlichen von Nachrichten auf dem Stockwerkskommunikationskanal außer
Kraft zu setzen.

Revendications

1. Système (500, 1100) pour une simulation de système de gestion de bâtiment, BMS, le système (500, 1100)
comprenant :

- un ou plusieurs processeurs (508, 1108) ; et
- une mémoire (510, 1110) couplée aux un ou plusieurs processeurs (508, 1108) et ayant des instructions
stockées qui, lorsqu’elles sont exécutées par les un ou plusieurs processeurs (508, 1108), amènent les un ou
plusieurs processeurs (508, 1108) à :

- générer un agent d’espace représentant un espace dans un bâtiment (10), l’agent d’espace étant configuré
pour maintenir une condition environnementale de l’espace sur la base d’un état d’optimisation de l’espace ;
- générer un agent d’équipement représentant un dispositif qui est configuré pour commander, surveiller
et/ou gérer l’espace ; et
- enregistrer l’agent d’espace et l’agent d’équipement sur un canal de communication d’espace associé à
l’espace,

dans lequel l’agent d’espace est configuré pour communiquer avec l’agent d’équipement sur le canal de commu-
nication d’espace.

2. Système (500, 1100) selon la revendication 1,
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dans lequel la condition environnementale correspond à une consigne de température,
dans lequel l’agent d’espace est de préférence configuré pour définir la consigne de température sur la base
de l’état d’optimisation.

3. Système (500, 1100) selon la revendication 1 ou 2, dans lequel les instructions amènent en outre les un ou plusieurs
processeurs (508, 1108) à:

- générer un agent de commande (1326) ayant une logique de commande pour commander la condition envi-
ronnementale de l’espace; et
- enregistrer l’agent de commande (1326) sur le canal de communication d’espace associé à l’espace,

dans lequel l’agent de commande (1326) est configuré pour communiquer avec l’agent d’espace sur le canal de
communication d’espace afin de fournir la logique de commande à l’agent d’espace.

4. Système (500, 1100) selon la revendication 3,
dans lequel l’agent d’espace est configuré pour communiquer avec l’agent d’équipement et l’agent de commande
(1326) en publiant des messages sur le canal de communication d’espace et en recevant des messages publiés
par l’agent d’équipement et l’agent de commande (1326) à partir du canal de communication d’espace.

5. Système (500, 1100) selon la revendication 4,
dans lequel la logique de commande correspond à l’état d’optimisation ; ou dans lequel la logique de commande
remplace l’état d’optimisation.

6. Système (500, 1100) selon l’une des revendications 1 à 5,

dans lequel l’espace est une pièce à l’intérieur du bâtiment (10), et dans lequel les instructions amènent en
outre les un ou plusieurs processeurs (508, 1108) à :

- générer un agent d’étage (1306, 1308) représentant un étage à l’intérieur du bâtiment (10) sur lequel se
trouve la pièce ; et
- enregistrer l’agent d’étage (1306, 1308) et l’agent d’espace sur un canal de communication d’étage associé
à l’étage,

dans lequel l’agent d’étage (1306, 1308) est configuré pour communiquer avec l’agent d’espace via le canal
de communication d’étage.

7. Système (500, 1100) selon la revendication 6,

dans lequel les instructions amènent en outre les un ou plusieurs processeurs (508, 1108) à :

- générer un agent de bâtiment (1302) représentant le bâtiment (10) ; et
- enregistrer l’agent du bâtiment (1302) et l’agent d’étage (1306, 1308) sur un canal de communication du
bâtiment associé au bâtiment (10),

dans lequel l’agent de bâtiment (1302) est configuré pour communiquer avec l’agent d’étage (1306, 1308) sur
le canal de communication du bâtiment.

8. Système (500, 1100) selon la revendication 7,
dans lequel l’agent de bâtiment (1302) est configuré pour ignorer les commandes de chacun des autres agents en
publiant des messages sur le canal de communication du bâtiment, et l’agent d’étage (1306, 1308) est configuré
pour ignorer les commandes de l’agent d’espace en publiant des messages sur le canal de communication au sol.

9. Procédé de simulation d’un système de gestion de bâtiment, le procédé comprenant :

- la génération, par un ou plusieurs processeurs (508, 1108), d’un agent d’espace représentant un espace dans
un bâtiment (10), l’agent d’espace étant configuré pour maintenir une condition environnementale de l’espace
sur la base d’un état d’optimisation de l’espace ;
- la génération, par les un ou plusieurs processeurs (508, 1108), d’un agent d’équipement représentant un
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dispositif qui commande, surveille et/ou gère l’espace ; et
- l’enregistrement, par les un ou plusieurs processeurs (508, 1108), de l’agent d’espace et de l’agent d’équipe-
ment sur un canal de communication d’espace associé à l’espace,

dans lequel l’agent d’espace est configuré pour communiquer avec l’agent d’équipement sur le canal de commu-
nication d’espace.

10. Procédé selon la revendication 9,

dans lequel la condition environnementale correspond à une consigne de température,
dans lequel l’agent d’espace est de préférence configuré pour définir la consigne de température sur la base
de l’état d’optimisation.

11. Procédé selon la revendication 9 ou 10, dans lequel le procédé comprend en outre :

- la génération, par les un ou plusieurs processeurs (508, 1108), d’un agent de commande (1326) ayant une
logique de commande pour commander la condition environnementale de l’espace ; et
- l’enregistrement, par les un ou plusieurs processeurs (508, 1108), de l’agent de commande (1326) sur le canal
de communication d’espace associé à l’espace,

dans lequel l’agent de commande (1326) est configuré pour communiquer avec l’agent d’espace sur le canal de
communication d’espace afin de fournir la logique de commande à l’agent d’espace.

12. Procédé selon la revendication 11,
dans lequel l’agent d’espace est configuré pour communiquer avec l’agent d’équipement et l’agent de commande
(1326) en publiant des messages sur le canal de communication d’espace et en recevant des messages publiés
par l’agent d’équipement et l’agent de commande (1326) à partir du canal de communication d’espace.

13. Procédé selon la revendication 12,
dans lequel la logique de commande correspond à l’état d’optimisation ; ou dans lequel la logique de commande
remplace l’état d’optimisation.

14. Procédé selon l’une des revendications 9 à 13,

dans lequel l’espace est une pièce à l’intérieur du bâtiment (10), et dans lequel le procédé comprend en outre :

- la génération, par les un ou plusieurs processeurs (508, 1108), d’un agent d’étage (1306, 1308) repré-
sentant un étage à l’intérieur du bâtiment (10) sur lequel se trouve la pièce ; et
- l’enregistrement, par les un ou plusieurs processeurs (508, 1108), de l’agent d’étage (1306, 1308) et de
l’agent d’espace sur un canal de communication d’étage associé à l’étage,

dans lequel l’agent d’étage (1306, 1308) est configuré pour communiquer avec l’agent d’espace via le canal
de communication d’étage.

15. Procédé selon la revendication 14, comprenant en outre :

- la génération, par les un ou plusieurs processeurs (508, 1108), d’un agent de bâtiment (1302) représentant
le bâtiment (10) ; et
- l’enregistrement, par les un ou plusieurs processeurs (508, 1108), de l’agent du bâtiment (1302) et de l’agent
d’étage (1306, 1308) sur un canal de communication de bâtiment associé au bâtiment (10),

dans lequel l’agent de bâtiment (1302) est configuré pour communiquer avec l’agent d’étage (1306, 1308) sur le
canal de communication du bâtiment, dans lequel l’agent de bâtiment (1302) est de préférence configuré pour
ignorer les commandes de chacun des autres agents en publiant des messages sur le canal de communication du
bâtiment, et l’agent d’étage (1306, 1308) est de préférence configuré pour ignorer les commandes de l’agent d’espace
en publiant des messages sur le canal de communication d’étage.
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