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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, wheti =r
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or relicnce
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other servic=s for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or®»ntity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as'canipriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given ci.cumstc nces.

The IES has no power, nor does it undertake, to police or enforce compliance witi'he ¢antents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compinze with this document. Any
certification or statement of compliance with the requirements of this docun=nt hall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Stadai requires verification by ANSI that the requirements for due process,
consensus, and other criteria have bean n =t by the standards developer.

Consensus is established when, il *he iidgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and matc fally arected interests. Substantial agreement means much more than a simple majority,
but not necessarily unas.ity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward aeir 1 'solution.

The use of America. Nationar Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether tnat pe son 1ias approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or  rocedures not conforming to the standards.

TheAmerican National Standards Institute does not develop standards and will in no circumstances give an interpretation
tcany Ar2rican National Standard. Moreover, no person shall have the right or authority to issue and interpretation of an
Ame.‘caniational Standard in the name of the American National Standards Institute. Requests for interpretations should
beaddressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.


https://www.stdhive.com/standards/ies-lp-6-20-pdf/

Prepared by the IES Lighting Control Systems Committee

Joe Bokelman, Co-chair
Kyle J. Hemmi, Co-chair
Mitchell K. Hefter, Vice Chair
Yoelit H. Hiebert, Vice Chair
Harold Jepsen, Secretary

Members

C. Diers

W. Ellis

P. K. Ericson
L. Gomes
M. L. Goren

Advisory Members

J. Amann

K. Appleman
L. J. Avanzato
C. Barnes

C. C. Benedict-Uzoruo
R. P. Dagostino
S.S.Ely

J. W. Faught

B. A. Flanary

J. Frazer

J. Grandpre

R. Harvey

R. G. Janik
C.C.Jones
R. N. Miller
M. A. Myer

D. Hameed
G. A. Hauser
Q. Huang

J. Joffe

M. Jouaneh
H. M. Kaplan
E. Lai

L. O. Lamontagne
D. Lenasi
A.R. Levine
M. A. Lunn

K. D. Nielsen

S. L. Pay

T. L. Reemtsma
L. Schoeneman
S. Segal

J. B. Mabray
D. McLaughlin
S. D. Mesh

A. M. Mor

L. Mueller

J. Nekuda

D. Noise 'x

B. Pali. er

C Piper
E.."Priand
M. E. Poplawski

H. L. Wolfman
J. M. Yorgey

LS. Re vouf
"A. E. Rosen
N. Smirnov
C. Souders
M. J. Stern

J. M. Sundy
J. Tan
X.Varghese
C. K. Wolgamott
R. H. Wyton
S. Ziegenfus



https://www.stdhive.com/standards/ies-lp-6-20-pdf/

1.0
1.1
1.2

2.0
2.1

2.2
2.3
24
25
2.6

2.7
2.8
29
2.10
21
2.12
213
214
2.15

2.16

30
3.1
3.2

Please refer to the IES Bookstore for possible Errata: www.ies.org.

INtroduction and SCOPE . ... e e |
INtrOdUCHION. . ..o i e e e e e 1
1o o 1= PO 1
L0 T = O el =] < P 1
0T 1
(000 31 {0 | 1= 1
Graphical User Interface (GUI) . ... ..o e e e e e i 2
o o o |- 1 4 T 2
Interoperability .. ...... ..o e 2
PrOTOCOIS . . .o 2
2.6.1  OPEN PrOtOCOIS vttt ettt e e e e e e e 2
2.6.2  Proprietary ProtocCols. . . ... 3
2.6.3  Multiple Protocols in One System. .. ...t i e e e 3
BUS . e e e e e e e e e e 3
Interchangeability ........ ... o e 3
Conformance vs. Compliance. . ... ... ... i e e e 3
N = o Y T 4
Plat oM. ... e e 4
Open Systems Interconnection (OS]) ... i o e e 4
GatEWAY. . .ottt e 4
Ballast, Drivers, Tran s O M S . ...ttt e e e e et e e e e e e e 4
Wiring and Communication MeEThou's ... . e e 4
2050 LINE VO AGE .ottt et e e e e e e e 4
2.15.2 Low Voltage ... ..... P 5
0 1 T0e T = 3 1= 1= P 5
2054 WIEEIESS et e ettt e e e 5
2055 gt e e 6
ArCRI e UrE . e 6
B (ST B = - T R @ Ty g o Yo T 1=y o £ PP 7
2.16.2° Networked Control — GENEral. . ... ..ot e e e e e ettt e e 9
216.5  Networked Control = TOPOIOGY . . vttt e e e e e e 9
2.16.4 Foom-Based and Standalone Control. ... ...t e et e e 10
Design Considerations . ....... ... it i e e 1
Owner Project ReqUIrEmMENTS. . .. ...ttt et e et e e n
Economic Considerations . ... ... ...t e 11


https://www.stdhive.com/standards/ies-lp-6-20-pdf/

3.3

3.4
3.5
3.6

37

3.8
3.9

4.0
4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.1
4.12
413
414

5.0
£

BUIdING Cod s . . ..ottt e e e 12

70 T8 O = 0T (e 12
332 EIeChriCal. o e 12
3.3.3  Fireand Life Safety . ..ottt e 12
Ease Of MaintenanCe . ... ...ttt e e e e e e e s 12
UsSer EXP OO atioNS . ...ttt e e e e e e e 13
(@0 41 oY 7o T T3 Ve S 13
3.6.1  ZONING Stralegies .o e ettt e e 13
3.6.2  Granular DimMmMiNg .. ..o ittt e e e e e e &
3.6.3  ANalog vs. Digital ..o e 16
3.6.4  Daylight Zones. ...t e e « N Y. 16
3.6.5  Flexibility . ... 16
ENergy CodesS ...ttt ettt e e e e e 16
3.71  Exterior Lighting Controls .. ....couiii i e e 17
3.7.2  Interior Lighting Controls. .. ..o ottt T e 17
3.7.3  DEMaANA RESPONSE . .ottt ettt ettt et et e e e e 18
INtEgratioN . ... e e 18
Dimming and Perception. . ... ...t e e e 18
Lighting Control Strategies. .............. it e e e et 19
Basic Strategies . ... ..ot e 19
400 Manual Controllers. . . ... e e e 20
4.1.2  Automatic Controllers. . ... ..o e e 20
403 SWITCNING . et 20
414 ContinUOUS DIMIMING ..ottt e ettt ettt et e e et e e 20
415 StEP DIMMING .ottt e e e e e e e e 20
Personal TUNING . ... ..ol e e ettt e e e e e e e 21
Institutional TUNING ... ... i e e e e et ettt e 22
Adaptation ComPensation ....... ... . e 22
Occupancy and VaCanCy SeNSiNg . ...ttt ettt e e 22
Time SChedUling .. ... e e e et e e e e e e 23
Daylight Harvesting . .. .o ..o e 23
Lumen Maintenance: DI YmMing ... ..ottt ettt e e 24
DemMaNd ReS P ONS e .. i ittt e e e 25
Shade COoN . e 26
1Y ol =] 1= @ o1 PP 26
Emeraency Lighting Control ... i e 27
(@001 Fo T 1NV 29
Tunable White. . .o e 29
Controlling Light SOUKCes . ... i i e e e e et 29
Solid State Lighting (SSL) . ... ..ouin it e e e e e e e et e 30
510 On-Off Control and Dimming. ... .veiei e e e et et et 30
5.1.2  LED Driver-Controlled Dimming Implementation ..., 30

51.3  System-Level (Addressable, Two-Way) Protocols. .......ouvniinii i 33


https://www.stdhive.com/standards/ies-lp-6-20-pdf/

5.2
5.3
5.4
5.5
5.6

6.0
6.1

6.2
6.3

6.4

6.5
6.6
6.7

7.0
71

7.2

514 Parameters t0 CONSIARL . ...ttt et e e e e e e e e e e e e 33

51.5  Gateways for Dimming Controls and LED SOUICES . . ....vvuninii ittt ieieeeieienaenas 35
51.6  Other Considerations ... .........ouininini it 36
FlUOIESCONT ...ttt et e e ettt e e e e 37
High Intensity Discharge (HID) .. ..ottt e e ettt et inaeeaas 38
Line-Voltage Standard Incandescent and Tungsten-Halogen................. ... ... it 39
Low-Voltage Standard Incandescent and Tungsten-Halogen ............ ... i, 40
Neonand Cold Cathode. .. ... . i e e 4

Protocols and Methods of Control............ ... . i et 1
Two-Wire LineVoltage Control ........... ..ot e e e 1
6.1.1 Constant (Always On) Power (Not Controlled) ..o 1
6.1.2  Switched CoONTrol. .. ..o 1
6.1.3  Two-Wire Line-Voltage Phase Control (Phase Cut) for Dimming ..............00 .. coiviiiiininn.. 1
Three-Wire Line Voltage (Power or Class 1) for Fluorescent or SSLDimming ....... ..... .....coooenen... 44
Four-Wire Dimming - Line Voltage Plus Class 1 or Class 2 Low Voltage Comun. :a*,ons for Dimming. .. .44
6.3.1  DALL DALI-2 . e e 44
6.3.2  10VDC Sinking Protocols . .......ouini e e 45
6.3.3 10VDC Sourcing Protocol.........coovveiiiinin i, T et ettt 45
Line Voltage with Other Wired Digital Protocols. .......... ... .0 .. i i 46
6.41  DMX512 Digital Control Protocol. . ... ..o e 46
6.4.2  Ethernet-Based Control Protocols. . ... ...ouiue o e 46
Pulse-Width Modulation (PWM) for LED DIimming. ... ... . ...ouiiiii ittt i i iinananns 46
Power Wiring, Class 1 Wiring, Class 2 Wiring, and CommunicationsWiring .......................cooin 47
Transmission Technologies and Hardware. ... ... oottt ie e 48
6.7.1 RS232 (CUrrently TIA-232) . ..t ettt e e e e e et 48
6.7.2  RS485 (Currently ANSH/ TIA/EIA-400 ) e ettt e ettt et 49
6.7.3  Ethernetand Power over Etharne (POE) ... ... oo e 49
6.7.4  USB (UNIVErsal Serial BUS) . . ettt ettt e e e e e e e e e e e e e 50
6.7.5 Wireless ............. PR, PSP 51
Lighting Control EAdip.mentt. . . ... s 59
USEE INteI aCes . . ..o ettt et e s 59
711 R} e T 59
0 0 e | o 01NN 59
Multi-zone 5, stems: Relay Switching and Programmable Dimming Systems. ............................. 59
721 Low-Voltage Relays . ... e 60
722 i cene CONtrollrs . ..o e 60
“entral Computer-Based and Software-Based Systems. ... e 61
(O T o{U o =T e AT =] 1Yo Y 3 62
T4 TYPES Of SENSOIS vttt ettt ettt e e e ettt e e ettt e e 63
742  Design Considerations . ...ttt et e e 64
74.3  Powering OCCUPANCY SENSOIS . ..ttt ettt et e e et e e e e et e ae e eenes 66
744  Coverage Patterns . ... .t e 67
74.5  Energy Savings Potential ... ......oiuiiir e e 68

74.6  Occupancy Sensor AdjUStMENTS . . ...t e 68


https://www.stdhive.com/standards/ies-lp-6-20-pdf/

7.5 VACANCY SENSOIS ..ttt ettt et et e e et e e et e et e e et e e e e 68

7.6 PROTOSENSOIS. . ...ttt e e e 68
7.6.1  GeNneral OPeration ...ttt e e e 69
7.6.2  SWitching Versus DIMMINgG ... ..ottt ettt 70
7.6.3  EXterior APPliCations . ...ttt e e 71
7.6.4  Interior APPliCatioNs . ... ui it e e e e e e 71
7.6.5  OPEN-LOoOP SYStemMS. .ottt e 72
7.6.6  CloSed-LoOp SYStemS ...ttt ettt e e e A
7.6.7  DUal-Loop CoNtrol . ...t e e e e ie et . DS
7.6.8  Photosensor Placement . ... ..ottt e e 75
7.6.9  Photosensor System Design and Layout ..........cooiiiiiiiiiiii i « N - Y. 75
7.6.10 Location of the Critical Task. ... .....c.ouiuiui e e 77
7.6.11 Energy Modeling of Photosensor Control Systems. ..ot 78
7.6.12  Setup and Programming of Photosensor Control Systems ...........ooviiiiiiiilnni i iieannnnns 78
7.7 Shade CoNntrol. ... ... e T e 79
7.8 Emergency Lighting Control Strategies. ........... ..ottt i i 80
8.0 DesignDeliverables ... ... ... ..o i e 80
8.1 Control Narrative........ ... e N 80
8.2 ControlZone (Channel) Plan. .. ....oou ettt e e e e 81
8.3 Equipment Specifications ....... ... ... i e 82
8.4 One-Line (Single-Line) Diagrams . .. ... ..ottt e ettt ettt 82
8.5 Lightingand Relay Panel Schedules .. .......... . i e e 84
8.6 Startup and ConfigUIation ......... ... .ottt e 86
8.7 REIOfItS. ... e e e e 86
0.0  COMMISSIONING . ... . i i ettt et et e e et e e 86
Annex A - Additional Reading ... . . . i e e 87
Annex B - Applications Sta. dardsand Codes. ... ... i e 87
B.1  Equipment Rigulations ... .. . e 88
B.2 Non-regu'ato. Government Programs .. ...........o.ouiuiininin ettt aaneaenns 88
B.3 Green Buildi.ng Codes and Rating Systems ......... ... it i e 88
Anne.. C - ighting Control Protocols. ... ... o i e e e e 88
“.1 . Common Name: 1-10VDC Current Sinking (Non-standby Mode) .............. ... ..o iiiiiiiiiiiiiaa... 89
... Common Name: 0-10VDC Current Sinking (Standby Mode)........... ..., 90
(.3 Common Name: 0-10 VDC Front End (CUrrent SOUICe) .. .......vuiuininiit it ie i iaee e, 20
C4  Common Name: ASCIl. . ... ettt e e 91
C.5  Common Name: ACN .. ...ttt ettt e e et ettt e e e e e 91

C.6  CommoN NAME: BACNET. ...t i e et e e e 92


https://www.stdhive.com/standards/ies-lp-6-20-pdf/

C.7  Common Name: DAL ... i e et e e e e e 93
C.8  Common Name: DIMX ST 2. ..ttt e e e et e et e ettt e e e e 95
C.O9  Common NamMeE: ENOCEAN .. ...ttt ittt ettt ettt e et e e et et ettt e e e i 96
C.10 Common Name: KONNeX (KN X) . ..ottt et e e e e e e e e e e e e e e e e e e e ettt 96
C.IT  Common Name: LONWOKKS . ... ..ottt ettt ettt ettt et e et e e eans 97
C.12 Common Names: MIDI and MIDIShow Control. ........ ...t ettt 98
C.13 Common Name: ModbUS . . ... .o i i e e e e e e e 98
C14 Common Name: RDM ... e et et ettt e e 9
CA5 Common Name: SIMPTE ... .o e e e e e e e et ettt 129
C.16 Common Name: TCP/IP (IP-Based Protocols) .........o.viiniiiiii e 100
C.17 XML (Extensible Markup Language). . .........ouuiiiuiniint it ie e iaineieans ceern...101
C18 Common Name: WP AN . . ... i e e e e e e e et e e 102
C19 CommOoN NamME: Z-WaVe. . ..ottt ittt ettt et et et e et i it e e 102
C.20 Automated Demand Response (ADR) .........c.oiiiriiiiiii i et 103
C.21 Common Name: Wi-Fi . ... e e e e e e T e 103
C.22 BlUetooth ... .o e e e 104
C.23 Interoperability and Visible Light Communication (VLC) ...... ... ..o it 105
C.24 Common Name: ELIMS. .. . i i e e e et e e s e e e 105
C.25 Other ProtoCols ... ..o e e et e e e 106
Annex D - Interoperability: The OSI Seven-Layer Model ....c...0 ..o e 106

RE IENCES . ... o 108


https://www.stdhive.com/standards/ies-lp-6-20-pdf/

Lighting Practice: Lighting Control Systems — Properties, Selection and Specification

1.1 Introduction

Lighting controls are an essential component of any
lighting system, serving multiple purposes and ranging
from simple user-activated switches to advanced scene
controllers, automatic sensor-controlled systems, and
networked digital control systems. In addition to basic
on/off control, they are used to tailor lighting to space
functions, tasks, and user preferences while enhancing
comfort, performance, aesthetic appeal, and energy
savings. For multicolor systems, such as red-green-blue
(RGB) and tunable-white LEDs, the control system can
also vary source color. These functions support visual
needs (see ANSI/IES LP-1-20, Lighting Practice: Designing
Quality Lighting for People and Buildings') by allowing
users to design for appropriate illuminance and color
characteristics, thus enabling mood setting and/or task-
illuminance tuning to achieve optimal viewing and
working conditions. This approach allows the lighting
to become responsive to the users’ needs within each
space, resulting in a higher level of user satisfaction,
increased safety and security, greater energy savings
and, potentially, a healthier environment.

Lighting controls play a key role in energy management.
As electric light sources have become more energy
efficient and installed lighting power density values
have declined over the past 40 years, lighting control
has become the primary means to achieve additional
energy savings, by minimizing or eliminating the
use of electric lighting whenever possible. Lighting
control that reduces lighting power for aesthetics also
saves energy. To understand how to accomplish both
aesthetic and energy conservation goals, designers and
installers need to have an understanding of the control
devices and approaches available and in common use;
these largely fall within some basic device and system
categories.

In recent years, as the importance of an increased
focus on sustainability within current design practice
has gained prominence, and local and national energy
usage codes and guidelines have tightened, energy-
saving automatic lighting controls have become a
more standard feature in the design and construction

of nonresidential buildings. These devices and systems
automatically switch or dim designated loads in
response to events such as time of day, daylight
fluctuation, occupancy, or energy-demand reduction
events. The current U.S. energy reference standard,
ANSI/ASHRAE/IES Standard 90.1-2019, Energy Efficiency
Design of New Buildings Except Low-Rise Residential
Buildings, contains comprehensive mandatory control
requirements.?

1.2 Scope

This Lighting Practice document is intended to help
designers, users, commissioning providers, and
other interested parties understand fundamental
characteristics and purposes of lighting control systems.
These may include design considerations, energy-saving
strategies, equipment, and the variety of organizing
protocols and methods in common usage. The
importance of commissioning as an ongoing process is
briefly covered in this document but is fully addressed
in ANSI/IES LP-8-20, Lighting Practice: The Commissioning
Process Applied to Lighting and Control Systems.?

2.1 User

For the purposes of this document, a user is either: 1)
a manual interaction by a person with a control point
such as a touch screen, preset station, computer, or
fader station; or 2) an automated interaction such as an
occupancy sensor, daylight sensor, time switch (often
called a timeclock), or other digital interface.

2.2 Controller

A controller is a device that originates a command
to execute a lighting change. Controllers are most
commonly associated 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 control applications, the lighting
controller usually contains all of the instructions for
operating all of the connected luminaires based on
information from the various sensors—e.g., occupancy
and light—as well as the user-operated switches and



