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Traditional Daylight Harvesting Control 
Approaches: Closed Loop and Open Loop

Closed Loop Operation:
Photosensor looks into the 
space, seeing electric light and 
daylight, and controls electric 
lights to maintain the set point.

Closed Loop
Sensor signal AFFECTED
by light sources controlled

Closed Loop
Sensor signal AFFECTED
by light sources controlled

Open Loop Operation:
Photosensor looks only at 
daylight outside the space. The 
electric lights are controlled 
based on this input.

Open Loop
Sensor signal NOT AFFECTED

by light sources controlled

Open Loop
Sensor signal NOT AFFECTED

by light sources controlled
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Closed Loop vs. Open Loop

Open Loop Advantages: 
– Sensor is not disturbed by 

changes to the interior space.

Open Loop Disadvantages: 
– Requires commissioning

– Sensor signal is not necessarily 
an accurate indicator of the 
amount of daylight in the space.

Closed Loop Advantages: 
– Measures light in the space

Closed Loop Disadvantages: 
– Requires commissioning and 

re-calibrations
– Affected by changes to interior 

space reflectance and geometry
– Affected by occupants moving 

under the sensor.
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Next Generation Controls: Closed Loop with 
automatic commissioning and re-calibration

Operation: Photosensor closed loop set point automatically and 
continuously updates based on the electric light contribution on the 
photosensor. The electric light level is measured at night or by turning 
the lights off and back on when the space is unoccupied.

Advantages: 
– Measures light in the space
– Provides accurate and robust control of electric lighting
– Automatic commissioning and re-calibration!

Disadvantages: 
– Affected by occupants moving under the sensor (okay for an 

on/off system, problematic for a continuous dimming system).
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Next Generation Controls: Wal-Mart Study

December
Shelves

January
Shelves

Prototype 
Control 
System
Mounted in 
Skylight 
~20ft high

Photosensors

Demo area
Seasonal 
displays
(~1/10 floor 
space)
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Closed loop photosensor signal from 
electric lighting: Wal-Mart Study

12/25/08: EL = 4.75 12/26/08: EL = 4.77 12/29/08: EL = 4.94 

01/01/09: EL = 5.77 

Electric light (EL) readings at photosensor at night as seasonal displays change

01/04/09: EL = 6.34 01/05/09: EL = 6.97 (+47%)!
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Next Generation Controls: Dual Loop with 
automatic commissioning and re-calibration

Operation: Continuous re-calibration adjusts the system set points 
daily based on nighttime electric light levels. Short transient changes 
(i.e. stocking selves) may disturb the system. Addition of a second 
open loop sensor detects these changes. System switches to open 
loop operation during these disturbances.
Advantages: 

– Measures light in the space

– Provides accurate and robust control of 
electric lighting

– Automatic commissioning and re-calibration!

– Switches to open loop operation during 
transient changes!

– Works with continuous dimming systems

Open Loop

Closed Loop
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Next Generation Controls: 
Dual Loop
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Next Generation Controls: 
Dual Loop
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Next Generation Controls: Commercial Products

Watt Stopper LS-102 Prototype

Watt Stopper Automatic 
Commissioning On/Off Products:
• LS-102 Model (ceiling mounted)

– 24V output
– Available Jan 09

For more information:
Daniel Trevino
Tel: 408.486.7567
daniel.trevino@wattstopper.com
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Introduction

• There are three industry-recognized 
methods for controlling electronic linear 
fluorescent lamp ballasts.

• Emerging protocols will build upon 
these standards.
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IEC 60929
AC-supplied electronic ballasts
for tubular fluorescent lamps –

Performance requirements

IEC specifies three ways to communicate with 
ballasts conforming to Standard 60929:

1. Control by d.c. voltage
2. Control by Pulse Width Modulation (PWM)
3. Control by digital signals (DALI)

Annex E: Control Interface for Controllable Ballast s
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Control by Digital Signals (DALI)

• The arc power of a controllable ballast 
is controlled by digital commands 
received by the controllable ballast.

• Commands may be sent to ballasts and 
messages may be returned by ballasts.

• DALI does not apply to control units.
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Method of Operation

• The ballast operates in a master-slave 
mode.

• The ballast is the slave and transmits 
only upon request.

• Any control device is the master.



RESEARCH INNOVATION  PARTNERSHIP
1554 Drew Ave. Davis, CA 95816 | cltc.ucdavis.edu | P H: 530-754-7515   F: 530-754-7514

DALI Commands
• Approximately 200 defined commands in the 

existing DALI protocol
– Arc Power Control commands
– Ballast Configuration commands
– Query commands
– Special commands
– Addressing commands

• Another 100 commands reserved for future 
needs
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System Commissioning

• Commissioning is the process of 
discovering all digitally controlled 
ballasts connected to the bus

• Assigning unique short addresses to 
those ballasts

• Configuring group memberships, 
lighting scenes, and other individual 
ballast characteristics
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Commissioning Equipment

• Communication gateway
• Laptop with commissioning software
• Lighting plans
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Benefits of DALI

• DALI eliminates the need for multiple circuits.
• All devices are wired to a single two-wire 

communication bus.
• Device addressability allows for individual control of 

luminaires down to the ballast level.
• Commissioning, monitoring, and diagnostics of the 

lighting system is performed at a computer terminal.
• Configuration of the system may be changed, from 

the same terminal, without the need for new wiring 
or hardware.
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Disadvantages of DALI

• Commissioning is not user friendly
• Reconfiguration is not user friendly
• Ballasts are expensive
• Existing protocol does not include 

control devices
• Complete digital systems are expensive



RESEARCH INNOVATION  PARTNERSHIP
1554 Drew Ave. Davis, CA 95816 | cltc.ucdavis.edu | P H: 530-754-7515   F: 530-754-7514

The Next Generation of Digital Lighting 
Systems:

Open Communication Protocol for 
Digital Lighting Systems

(NEMA 243)
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NEMA 243 – 2004
Open Communication Protocol for Digital 

Lighting Systems

• The new NEMA protocol is an open-source, digital protocol which 
provides controls manufacturers with the basic requirements for 
designing lighting control devices to operate with DALI ballasts. 

• The existing IEC standard applied only to ballasts; different 
manufacturer’s control devices are not intrinsically compatible

• The new standard is on track for formal approval by the end of 2009.

• Proof-of-concept lighting control devices have been demonstrated in a 
joint project completed by MICRODESIGNS, Inc.; CLTC, CEC, and 
NEMA.
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NEMA 243 Details
• Ten individual control devices are defined and commands 

are standardized for these devices
– Switch Device
– Dimming Slide Device (TBD)
– Occupancy/Motion Detector
– Open Loop Daylight Controller
– Closed Loop Daylight Controller (TBD)
– Scheduler (TBD)
– Gateway (TBD)
– Sequencer (TBD)
– Power Supply (TBD)
– Emergency Lighting Controller (TBD)
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NEMA 243 Details (continued)

• Command structure is expanded to 3 bytes
• Up to 64 control devices
• Group addressing is expanded to 32
• Controller originator commands
• Message priorities / collision avoidance
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NEMA 243 - Prototype Demonstration
Proof-of-concept demonstration at 

CLTC

Controls and sensors are 
currently operating with an 
external gateway. Once the new 
NEMA protocol is approved, 
DALI controls and sensors will be 
fully integrated and the need for 
the gateway will disappear.
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DALI Class II bus

Basic Wiring Diagram Utilizing 
Class I and II DALI Bus 

277V/
120 V

277V/
120 V

DALI Class I bus
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All control devices operating according to 
the standardized control interface detailed 
in NEMA Standards Publication 243-
2005.

Field demonstration at 
UC Davis – Bainer Hall
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75% Energy savings 
over full-on

PD = 0.41 W/ft2

Meets IESNA illuminance 
recommendations for 
handwritten tasks
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86% Energy savings over full-on

PD = 0.23 W/ft2

Meets IESNA illuminance recommendations reading 
printed and handwritten type
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Full ON
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45% Savings over Full ON
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Bainer Hall Demonstrations: Room 1130 & 1132
Lighting Energy Analysis

Lighting 
Description

Classroom 
Lighting Load 

(W)
% Energy 
Savings

Power Density 
(w/ft2)*

Full ON 1492 - 1.64

Off - Safety 21 99% 0.03

A/V 431 71% 0.47

Note Taking 373 75% 0.41

Study Group 213 86% 0.23

Load Shed 823 45% 0.9

*Includes 25% credit for occupancy sensors per Title 24 2005
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Thank you.
QUESTIONS?
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