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��FOREWORD

ISO (the International Organization for Standardization) and the IEC (the International Electrotechnical Commission) form the specialized system for world-wide standardization.  National bodies that are members of ISO or IEC participate in the development of International Standards through technical committees established by the respective organization to deal with particular fields of technical activity.  ISO and IEC technical committees collaborate in fields of mutual interest.  Other international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

This Draft Technical Report ISO/IEC TR 15067 was prepared by ISO/IEC JTC 1/SC 25, Interconnection of Information Technology Equipment.

Technical Report ISO/IEC TR 15067 currently consists of four parts:

Part 1:  Application Services and Protocol

Part 2:  Lighting Model for HES

Part 3:  Model of an Energy Management System for HES

Part 4:  Model of a Security System for HES

�INTRODUCTION

This model of an HVAC (Heating, Ventilating, and Air-Conditioning) system for residences extends the set of HES (Home Electronic System) application models.  WG 1 has already developed and SC 25 has accepted models for lighting, energy management, and security.  These models are intended to facilitate validation of the language being specified for HES in HES Application Model – Application Services and Protocol, WG 1 Project 25.01.04.02-01.

WG 1 has developed these models to foster interoperability among products from competing or complementary manufacturers.  Product interoperability is essential when using home control standards, such as HES.  This document defines a typical HVAC system and describes the communications services needed.  A high-level model for an HVAC system using HES is presented.

WG 1 would appreciate comments by developers of HVAC systems regarding possible enhancements to this model.

�Scope

The model presented here for an HVAC system is intended to be generic and representative of a wide range of situations.  It is difficult for one model to be completely comprehensive.  Therefore, it is possible that other models or operating modes may be appropriate in some instances.

�A Conventional HVAC System

Varieties of Systems

Residential heating and cooling systems are available in a variety of formats depending on the fuel, distribution method, and building construction.  Listed are some common options:

Fuel

Electricity, for heating and cooling

Gas (methane or propane), for heating and cooling (limited use)

Oil or kerosene, for heating

Distribution

Air, convection or forced with blowers, for heating and cooling

Hydronic (pumped water), for heating

Steam, for heating

Some buildings do not include distribution or have limited availability.  In those cases, heating may be produced locally through resistive electric heaters, possibly with heat retention using an oil reservoir or solid materials, such as bricks.  Alternatively, a relatively small or portable air-conditioning unit may provide local cooling or heating (if run as a heat pump).  Such an air-conditioner is usually placed in a window or run as a split unit with the condenser outside and the heat exchanger inside the house (vice versa for a heat pump), linked with hoses transporting the refrigerant (usually freon or water).

Most residential ventilation depends on passive air flow through open windows or building cracks.  Some forced air systems allow for air circulation without heating or cooling.  Recent home construction includes considerable insulation resulting in limited air infiltration.  In some cases, an air-to-air exchanger is built into the house to change the inside air and minimize unwanted gas accumulation.  This blower unit includes a mechanism called a heat exchanger to prevent heat loss from or into the house, while changing the air inside.

Control of an HVAC System

Control of most residential HVAC systems has been with a thermostat.  The thermostat is actually a combination temperature sensor, user interface (for setting the desired temperature), and part of the control system.  The balance of the controls is implemented typically in relay circuits contained in a box usually attached to the side of the HVAC unit.  An example of such a system is shown in Figure 1, using an air distribution system.

The thermostat is connected with a simple analog circuit.  This circuit operates the HVAC unit either full-on or full-off.  This control algorithm is called “bang-bang” with hysteresis.  A hysteresis circuit prevents cycling of the HVAC equipment too frequently.  It requires that the temperature move beyond the set-point by a degree or two before the HVAC turns on.  An opposite excursion in temperature is required before turn-off.

Bang-bang design is cost effective because burners, blowers, and compressors need just one operating mode.  However, it does not always result in maximizing user comfort.  For example, turning up the thermostat in a cold house to “get the heat up faster” won't work.  When on, the heater is working at full capacity.  Setting the thermostat beyond the desired temperature may result in an uncomfortable environment and user frustration.  Initially the house will overheat.  Then the user may react by setting the thermostat way down and the house will get too cold.  This becomes an inefficient control system, when the user is factored into the loop.

There are thermostats that allow multiple set-points depending on the time of day or the day of the week.  Some accommodate a variety of settings that repeat weekly or that can be selected for unusual patterns, such as vacation.  Nevertheless, most control algorithms for an HVAC unit are bang-bang.  The only common exception is for the control of heat-pumps, where it is important to ramp changes in the set-point to prevent the backup heat source from coming on.

Central Distribution

In some buildings a central unit produces the heating or cooling for all the apartments.  Furthermore, in a campus environment, a central plant may produce and deliver conditioned air or water (heated or cooled) to nearby buildings.  In these cases, the apartment thermostats may function the same as with individual apartment HVAC units.  However, the controlled elements are usually dampers (for air distribution) or valves (for water distribution) allowing flow into the apartment space.  In the example illustrated in Figure 1, the thermostat would be linked to a control unit attached to the air handler rather than to the furnace.

A central building or campus HVAC may be linked to apartment control units via gateway.  The HES standard specified HomeGate for this purpose.  HomeGate provides any signal adaptation required between the building and the apartment.  Also, firewall provisions in HomeGate may limit control of apartment HVAC by the building management according to any prior agreements between the tenant and management.  The firewall may also provide for data integrity through authentication and encryption.  An case where such protection might be needed is remote reading of apartment utility meters via a building or campus HES network.  For more information about energy metering, please see “TR 15067-3:  Information technology - Home Electronic System (HES) application model Part 3:  Model of an energy management system for HES.”

�The HES HVAC System Model

A Possible HES HVAC System

Figure 2 illustrates an HVAC system that could be enabled with a home control infrastructure to offer superior comfort control.  The analog connection from the thermostat to the HVAC unit has been replaced with the home control communications network.  If a home control infrastructure is already in-place as part of an automated home, this simple substitution may reduce costs, but offers no user benefits.  However, the following changes can enhance the HVAC system and user comfort:

The thermostat is replaced by a user interface and a separate temperature sensor.

Additional sensors are added:  R/H (Relative Humidity), air quality, occupancy, temperature sensors at other locations.

A cluster controller replaces the relays circuits.

Additional damper actuators control air flow.

Note that a cluster controller manages a specific application.  The cluster function may be embedded in a distinct controller or distributed.  Cluster controllers may be interconnected to enable whole-house home automation.  The proposed changes afford a variety of options and performance improvements:

The temperature and R/H sensors can be located where optimal.  Multiple sensors could measure inside and outside conditions to anticipate significant weather shifts and to optimize equipment start and stop times.  For example, some advanced hydronic systems vary the water temperature according to the outside temperature to achieve optimal equipment performance.  Some forced air systems include humidification devices that operate when the fan is on.  It is possible to modify the operation of an advanced air-conditioner specifically to control humidity levels.

The user interface can be located where convenient for the user, not in a dark hallway or downstairs when the user is upstairs.  It is common to locate the thermostat in the core of the house, such as a hallway, so the temperature sensor is not affected by air infiltration from a nearby window or external wall.  The system depicted could accommodate multiple user interfaces for convenient access to HVAC control.

The air quality sensor can provide data about ventilating a heavily-insulated or tightly-constructed house.  Carbon monoxide detectors are being marketed for use near gas-fired heaters and appliances.

Multiple damper actuators (or hydronic pumps) can enable additional HVAC zones.

A sophisticated controller can implement variable-speed blowers and pumps, and multi-zone control for more precise climate control where needed.  Such a controller is likely to be electronic rather than relays.  If programmable, the control software could be updated to adjust comfort parameters, to adapt to any building alterations, and to incorporate better algorithms, such as fuzzy logic.  Such a system can impact energy costs for operation while maintaining desired comfort.

The occupancy sensor can help to conserve heating or cooling in unoccupied rooms.

Physical Model

The physical elements of the HES HVAC system model are shown schematically in Figure 3.  The components were described in the previous subsection of this document.  A key decision for manufacturers is whether the HES network forms the basis for linking together all the HVAC components.  Choices include:

Fully HES compatible

Every sensor, actuator, user interface, and the controller(s) contain an HES interface.

Partial HES compatible

A group of sensors, actuators, or user interfaces shares a network concentrator.  The concentrator includes the HES interface.  The concentrators and the controller comprise the HES network.

Isolated network

Only the HVAC Controller contains an HES interface.  The sensors and actuators link to the controller via a proprietary network.  As noted, conventional HVAC control has been relatively limited with proprietary communications links.  A few home automation system manufacturers are offering more sophisticated thermostats in place of the originally installed units.  Some HVAC manufacturers have been reluctant to encourage this practice because proper hysteresis circuits are necessary to protect the equipment.  Thus, Figure 4 is a physical model that accommodates current practice.  Nevertheless, substitution of thermostats containing the appropriate control circuits is growing, and the need for an isolated network should diminish.

Logical Model

The logical relationship among these components is illustrated in Figure 5.  If the physical model of Figure 4 is implemented, the controller may make the attached components logically visible to the HES network, so Figure 5 still applies.

The logical structure of a multi-zone HVAC system is shown in Figure 6.  Each zone may operate autonomously with parameters set via a local zone user interface.  The HVAC Controller is available to coordinate the operation of the zones.  The HVAC Controller might be responsible for energy management.  If the energy utility has implemented load control, as described in ISO/IEC TR 15067-3, the HVAC Controller could limit the settings possible in a zone to achieve the overall energy consumption goal (or cost targets) set by the occupant.  Thus, the HVAC Controller might be linked to an Energy Management Controller.

HVAC is one of many subsystems possible in a home control network.  As shown in Figures 5 and 6, the HVAC Controller may be linked to other home control subsystems, such as an energy management subsystem, and to a home control coordinator.  The coordinator might be responsible for providing common scheduling and subsystem interaction.  This coordination function may be distributed among the subsystem controllers through sophisticated software, thereby eliminating the coordinating controller.

Message Flows

HES Messages Overview

The following messages are proposed for commands, status reports, or data to be exchanged among the logical components in the HES HVAC system model.  This message set does not imply that all HVAC components can or must support the features of each message.  Messages will be chosen to support a specific implementation.  These messages represent a variety of functionality, not necessarily implemented in any one system.  This list of messages is not necessarily exhaustive and may be augmented for more complex systems.

If the HVAC system consists of one zone, the section on message flows between Zone Controller and HVAC Controller is omitted.  Also, the Zone Controller would be equivalent to the HVAC Controller in that case.

Sensors (( Zone Controller

From sensor (according to sensor capabilities)

Sensor ID, name, location, etc.

Sensitivity level setting

Operating status

Value (temperature, R/H, noxious gas presence, occupancy)

Battery low indication (if battery is used)

Self-test results

A trouble code

In reset mode

To sensor (not available with all sensors)

Change sensor identification and location parameters

Set sensitivity level

Initiate sensor operation

Request a reading

Initiate self-test

Reset

HVAC Equipment Actuators (( Zone Controller

From actuators (according to actuator capabilities)

Actuator (equipment) ID, name, location, etc.

Operating status

Measurable operating parameters (speed, pressure, etc.)

Power supply or battery status

Results from tests requested by Zone Controller

Operating firmware ID and description

Confirmation of firmware down-loaded

To actuators (not available with all actuator)

Change actuator identification and location parameters

Initiate actuator operation

Request equipment operating status

Request specified operating parameters

Set operating parameters of specified equipment

Initiate test mode of specified equipment

Reset an actuator

Request firmware ID and description

Down-load firmware

Zone Controller (( HVAC Controller

From Zone Controller

Zone ID, name, location, etc.

Sensor IDs, names, types, locations, etc. in this zone

Zone off-line, not under HVAC Controller management

Zone on-line, operating mode (heating, cooling, ventilating)

Zone operating parameter settings

Zone energy consumption

Zone malfunctioning (details provided if possible)

State or value of a specified sensor

Sensor with specified ID and location is malfunctioning

Operating software ID and description

Confirmation of software down-loaded

To Zone Controller

Request zone ID name, location, etc.

Request sensor IDs, names, types, locations, etc. in this zone

Set zone off-line, not under HVAC Controller management

Set zone on-line, under HVAC Controller management

Set zone operating parameters or limits

Request state or value of a specified sensor

Request software ID and description

Down-load software

Reset zone control after malfunction

HVAC Controller (( External Device

An “external device” may be another system controller or user interface.

From HVAC Controller

HVAC Controller ID, name, location, number of zones, etc.

Zone IDs, names, locations, etc.

HVAC Controller operating state

HVAC Controller test results

Specified zone operating state

Specified zone test results

Confirmation of software down-load

Operating history (listed with date, time, and state)

Specified zone, sensor, or actuator issuing trouble code

Confirmation of software down-load

To HVAC Controller

Set HVAC Controller on or off line

Set operating parameters for HVAC Controller

Report state of another subsystem controller

Initiate HVAC Controller test mode

Set specified zone on or off line

Set specified operating parameters for specified zone

Initiate test mode in a specified zone

Down-load software
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Figure �seq User_Box  \* Arabic  \r1�11� – Conventional HVAC Control
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Figure �seq User_Box  \* Arabic�22� – Home Automation HVAC Control
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Figure �seq User_Box  \* Arabic�33� – Physical HES HVAC System Model
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Figure �seq User_Box  \* Arabic�44� – Physical HES HVAC System Model with Isolated Components
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Figure �seq User_Box  \* Arabic�55� – Logical Model for HES HVAC System
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Figure �seq User_Box  \* Arabic�66� – Logical Constituents of a Multi-Zone HVAC System
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