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FOREWORD

This document is intended to serve as a technical 
resource for lighting specifiers integrating control 
into their projects. Lighting in commercial settings 
(and to some extent all places) can benefit from a 
coordinated control strategy for a number of rea-
sons. Designers may wish to use control as a means 
of ensuring that their design intent for a given space 
is preserved. Security personnel may opt to use 
lighting control as a visual indicator of occupancy 
or to change lights in an emergency scenario. This 
can take the form of luminaires that energize on a 
schedule to indicate spaces where occupants are 
expected, or, in the converse, as an indication that 
people are in spaces where they are not expected.

As energy use codes have become more stringent, 
control has become a recognized means of reduc-
ing electrical consumption. Some form of control is 
now mandated in many state and local codes and 
ordinances. Control has been recognized as a com-
ponent feature of overall energy efficiency by many 
certifying and accreditation agencies, e.g., Green 
Building Certification Institute (GBCI).

Lighting control can provide a means of giving 
workers input into their environment. This becomes 
increasingly necessary as specifiers are asked to 
consider the visual requirements for a work force that 
contains both aging and younger workers. The often 
conflicting visual needs throughout the demographic 
range of the North American corporate workforce 
require a solution that allows individuals to alter their 
visual environment to suit their physical needs as 
well as the requirements of a variety of tasks.

This Technical Memorandum seeks to provide unbi-
ased information about the capabilities and short-
comings of the variety of technologies and approach-
es that exist and that may be appropriate for the light-
ing controls. More information on lighting controls, 
dimming technologies, and other considerations is 
available from the Illuminating Engineering Society.

1.0  INTRODUCTION

1.1	 Scope

The goal of this Technical Memorandum is to 
increase the basic level of understanding among the 
various members of the lighting community about 
the possibilities of control as well as potential appli-
cations for those technologies. This increased base-
line knowledge will encourage greater coordination 

among disciplines and will allow the continued inte-
gration of lighting control with other major building 
systems. Greater integration will ultimately lead to 
more efficient and healthier buildings enhancing the 
experience of the built environment for more people.

For the purposes of this discussion, control refers to 
the systems or commands that regulate the intensity 
of electric luminaires in response to some stimulus or 
action on the part of the building occupants. The stim-
ulus can be direct, as when the moving of a switch 
from one position to the other completes an electrical 
circuit and causes the luminaires to energize, or it can 
be less direct and can relate to a variety of states or 
conditions within or without the physical confines of 
the space. Among the most common of these types of 
less direct control stimuli are occupancy, time, motion, 
and the presence or absence of daylight.

A document cannot possibly serve as the final author-
ity on any topic, especially one that is undergoing as 
much rapid development as lighting control. Readers 
are cautioned to use this Technical Memorandum as 
a starting point toward a greater understanding of 
the possibilities and limitations of currently available 
lighting control technologies. For further information 
or for more technically specific wiring diagrams and 
rules for implementation, the reader is encouraged 
to follow the references provided at various points 
throughout the document.

1.2	 Document Structure

Lighting Control technology is constantly evolving. 
A byproduct of this evolution is that some confusion 
exists among even experienced professionals as to 
the specific meaning of certain terms. To allow light-
ing specifiers with a variety of professional experi-
ences to take part in this discussion, core concepts 
and terms are defined in the first section of the body 
of this Technical Memorandum (Section 2). These 
definitions are not intended to restrict the usage or 
development of language to describe aspects and 
features of the subject at hand, but rather to provide 
a common starting point for subsequent discussions 
in this document.

Basic architecture and associated terms for addi-
tional aspects of control can be found in Section 3.

A discussion of the available technologies for con-
trolling various light sources including those light 
sources that do not require a separate technology or 
interface to be controlled is in Section 4.

Topology is a major means of distinguishing types 
of systems from each other and is covered at some 
length in Section 5.
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The Physical Layer, technologies through which sys-
tem components are connected and communicate, 
is discussed in Section 6.

The various methods for enabling communication 
among controllable systems – Protocols - are briefly 
described in Section 7.

A discussion of Commissioning, the crucial and often 
overlooked final stage in the implementation of a 
lighting control strategy is provided in Section 8.

In Appendix A, more detailed descriptions of the 
Physical Layers from Section 6 are provided.

In Appendix B, each type of control protocol is 
described in terms of its most typical applications, 
limits, and extents. Important, but sometimes over-
looked data is included in a section entitled “Good 
To Know” at the end of many entries. Networks and 
other methods of combining systems are discussed 
in this section as well.

2.0  CORE DEFINITIONS AND CONCEPTS

This section provides key definitions for the under-
standing of the material in this document.

2.1	 Ballast/Driver/Transformer

From the perspective of a control system, ballasts, 
LED drivers, and transformers all serve a similar 
function; as an interface between the light source 
being controlled and the current and voltage being 
used to power it. The reader should not make the 
mistake of assuming that all of these pieces of equip-
ment function in the same manner, or even serve 
the same electrical purpose. Rather, it should be 
understood that in all cases, the interface serves to 
translate the effect of the control signal to the lamp 
electrically, causing it to alter the light level. In this 
sense, ballasts, transformers, and drivers can be 
collectively imagined as a “brick” either integral or 
remote to the luminaire.

2.2	 Bus

In general terms, a bus is an electrical scheme 
to carry power or data. A bus refers to the wires 
over which control and communications signals are 
transmitted. A 0-10 VDC pair of wires is the simplest 
implementation of a bus; two wires carrying analog 
control currents. In lighting controls, the two wires 
that transmit the DALI protocol are an example of 
a digital bus. The different devices, sensors, and 
ballasts that are controlled by a bus are usually 

connected in parallel with the bus so that any single 
point of failure will not disrupt communications to the 
other devices on the bus.

2.3	 Controller

A Controller is the device that originates a command 
to execute a lighting change. Most commonly associ-
ated with a lighting control station or control console, 
a controller may also be a sensor or other automatic 
device operating without human interaction.

In lighting controls applications, the lighting control-
ler usually contains all the instructions for operating 
all connected lighting fixtures based on information 
from sensors (occupancy and light, for example) and 
user switches and dimmers. Most digital controllers 
will implement one or more protocols that control the 
operation of fixtures, relays and other devices that 
are physically and electrically connected to a com-
munications bus.

2.4	 Gateway

A gateway is a device designed for interfacing 
between two communication networks that use 
different protocols, such as BACnet to DALI, or 
DMX512 to 0-10VDC. A gateway may contain devic-
es such as protocol translators, impedance match-
ing devices, rate converters, fault isolators, or signal 
translators as necessary to provide system interop-
erability. It also requires the establishment of mutu-
ally acceptable administrative procedures between 
both networks.

A protocol translation/mapping gateway intercon-
nects networks with different network protocols by 
performing the required protocol conversions.

2.5	 Graphical User Interface (GUI)

A Graphical User Interface is a screen-based, picto-
rial or diagrammatic representation of a system. In 
many lighting control systems, the GUI becomes one 
point of contact between the system and a user.

2.6	 Network

A group of systems that function cooperatively and/
or interdependently to provide a chain of command 
for lighting control.

2.7	 Physical Layer

In the context of lighting control, the physical layer 
refers to the means by which command and commu-
nication signals are carried from one network node 
to another.
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2.8	 Program

A program is a command or set of commands which 
are executed according to a pre-defined algorithm. A 
program may function on a variety of levels but it is 
the basic command package that directs the lighting 
control system.

2.9	 Protocol/Communication Mode/Method

A communications protocol is a set of standard 
rules - the syntax, semantics, and synchronization 
- for communicating over a computer network or a 
lighting control system or both. The protocol defines 
the methods for data representation, signaling, 
authentication and error detection to ensure control 
or enable the connection, communication, and data 
transfer between computing or control endpoints. 
Protocols may be implemented by hardware, soft-
ware, or a combination of the two. At the lowest 
level, a protocol defines the behavior of a hardware 
connection.

Analog protocols are typically one-way (unidirec-
tional) which don’t allow for feedback from interfaces, 
luminaires, or devices.

Digital protocols may be either one-way or two-way. 
Two-way (bi-directional) protocols allow the lumi-
naire or device to exchange data, reliability rules, or 
other communications.

Another attribute of protocols is whether they are 
a streaming (continuous or repetitive) scheme, 
or a command (command/response) scheme. In 
a streaming protocol, data is constantly sent, 
whether or not a change is needed. In a command 
scheme, the data is sent but not resent unless 
there is a change (e.g., a preset command), or in 
the case of bi-directional protocols, a response or 
request is received by the sender of the original 
command.

2.10	 Multiple Protocols in One System

More than one protocol is commonly involved in the 
process of taking user (or sensor) input and provid-
ing the intended lighting response. In any large, inte-
grated building controls project, multiple protocols 
may be used in different parts of the project. Even a 
standalone lighting control solution might combine, 
for example, DALI to implement addressable dim-
ming at the individual fixture level with BACnet to 
provide integration with other building systems (such 
as HVAC). To ensure proper system operation, the 
specifier needs to be aware of which products use 
which protocols.

As a general rule, control protocols can be divided 
into two groups. Front End, which takes input directly 
from a user or sensor; and Back End, which exe-
cutes the command electrically.

Front End - Commands originate from User Input in 
Front End protocols. The “user” may be a sensor or 
computer in addition to a human pressing a button 
or moving a slider. The Front End may also accept 
feedback for display to the user.

Back End - User Front End Commands are executed 
in Back End protocols. Normally, there is some 
interface between the Front End and the Back End 
– dimmers or other electronics. The Back End may 
also provide feedback which may be conveyed back 
to the user. An example of a Back End method is the 
phase control output of a dimmer to a load to change 
the level of light.

Front Ends and Back Ends may also employ differ-
ent wiring and other physical characteristics.

2.11	 Open vs. Proprietary Protocols

Open protocols are standards that are publicly 
available and are developed in an open consen-
sus process under the auspices of a recognized 
(typically not for profit) organization. It is possible 
that some proprietary Intellectual Property may be 
associated with the standard, but usually it can be 
licensed for a reasonable royalty fee or other licens-
ing agreement. Otherwise, such standards can be 
freely used - any costs are to cover development 
and administration.

Proprietary protocols may be freely available or may 
be only implemented through a contract. They are 
normally developed by manufacturers or individuals, 
and therefore not developed in an open consensus 
method.

2.12 	 Topology (see Section 5)

Topology is the physical or theoretical relation-
ship among the network components. Topology can 
describe the physical routing of wire or cable from 
node to node, or the path of logic transmission.

2.13	 User

For the purposes of this Technical Memorandum, 
“User” is either 1) a manual interaction with a control 
point such as a touch screen, preset station, com-
puter or fader station, or 2) an indirect interaction 
such as an occupancy sensor, daylight sensor, time 
clock or other digital interface.
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3.0  SYSTEM LIGHTING CONTROL 
ARCHITECTURES

There are multiple electrical/electronic methods for 
controlling the light output of a luminaire or light 
source, but there is a basic architecture that is com-
mon throughout. There is a user input – a device or 
computer command emulating a person or simply 
a person operating a controller. The controller then 
communicates to an interface. This interface may 
simply be a dimmer or may be a more sophisticated 

device that communicates with dimmers or other 
load controlling devices. At the luminaire or light 
source, there may be a power regulation device 
(ballast, driver, transformer) or nothing at all. The 
following figures illustrate various common control 
architectures. Figure 1 shows the basic architecture 
and the various types of control signals that may be 
present. Virtually any combination of the various ele-
ments is possible. When applying any of these ele-
ments, it is crucial to understand which technology 
is required by the specific make and model of the 
devices involved.

Figure 1. Basic Lighting Control Architecture

Figure 1a. Wall Switch for Line-Voltage Incandescent Lamp
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Figure 1b. Wall Switch for Fluorescent Lamp

Figure 1c. Wallbox Dimmer for MR16 Lamp

Figure 1d. Wallbox Dimmer for Fluorescent Lamp
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4.0  TECHNOLOGIES FOR DIMMING CONTROL 
OF LIGHT SOURCES

The technologies listed in this section are charac-
terized by their prevailing use, or by their original 
intent. In actual use, these technologies are applied 
to different emerging lighting control situations. For 
example, all of these technologies are used to con-
trol various LED drivers.

4.1	 2-Wire Line Voltage Forward Phase 
Control for Dimming

Forward Phase-control dimmers (also known as 
Leading Edge dimmers) control the amount of volt-
age available to a light source. The dimmer turns 

off part of the leading edge of the AC sine wave for 
a preset amount of time, resulting in reduced lamp 
output (dimming). In systems where there is a trans-
former, ballast, or driver device, the device has to 
be specifically rated for this type of control. Because 
constant voltage is not maintained for the ballast or 
driver, the minimum dimming level will be compro-
mised. This is due to regulation devices requiring a 
minimum voltage to keep the electronics working. 
(For more information see Appendix A.1).

4.2	 2-Wire Line Voltage Reverse Phase Control 
for Dimming

Reverse Phase-control dimmers (also known as 
Trailing Edge dimmers) control the amount of voltage 
available to a light source. The dimmer turns off part 

Figure 1e. DALI Dimming System for Fluorescent Lamp

Figure 1f. Dimming System for LED Lamp
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