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Photosensors: Technology and Major Trends

by Craig Dilouie, Lighting Controls Association
Posted December 2009

Special thanks to the following Lighting Controls Association member
representatives for their valuable contributions to this whitepaper (listed
alphabetically by company):

Bob Freshman, Marketing Manager for Leviton Lighting Management Systems
Solayappan Alagappan, Design Engineer for Philips

Norm Dittmann, President of PLC-Multipoint

Daniel Trevino, LEED-AP, Daylighting Product Manager for WattStopper

Daylighting is going mainstream and daylight harvesting, the energy-saving lighting
control strategy that actually makes daylighting “sustainable,” is beginning to catch
up. Of particular interest is the fact that daylight harvesting is transitioning from being
something encouraged by energy programs to something required by energy codes
and standards—not just California’s Title 24, but IECC 2009 and, likely, ASHRAE
90-1.2010 as well. It is likely, in fact, that in the future, most commercial buildings
that have windows and skylights will be required to have some type of daylight
harvesting control in the adjacent area.

Green construction is emphasizing daylighting and bringing fresh attention to daylight
harvesting. Energy codes are now beginning to require daylight harvesting, which will
make it a future staple in construction. Photo courtesy of Leviton.
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Daylight harvesting’s value proposition is fairly simple: As daylight levels increase in
a space, electric light levels can be automatically reduced to maintain a target task
light level and save energy. All automatic daylight harvesting control systems need a
device that can measure light levels and signal a controller to dim or switch the lights
in response to daylight contribution. This device is called a photosensor.

The photosensor is a small device that can include a light-sensitive photocell, input
optics and an electronic circuit used to convert the photocell signal into an output
control signal, all within a housing and with mounting hardware.

Photosensors can be mounted on walls, ceilings and as part of light fixtures. Photos
courtesy of WattStopper (left) and Lutron Electronics (right).

Photosensors may be mounted on walls, ceilings and even as a part of light fixtures.
Fixture-integrated sensors may be installed as part of the original fixture or installed
later in the field by attaching to a lamp via a clip and being wired directly to the
ballast. The visible size of a photosensor ranges from a golf ball to a standard wall
switch.
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As daylight harvesting grows in importance, photosensors are becoming more
sophisticated. But buyer beware: There is no standard defining how photosensors
should operate. When selecting a photosensor, important questions to ask about a
given product include: Is it compatible with the given controller? What control
method does the system use? What is the sensor’s spatial response? What range of
light levels can it “see”? How accurate is its signal? Is it photopic-corrected? How far
is it to be installed from its controller? How is it commissioned? How many zones
can it support? What are the configuration options? Is it capable of operating reliably
within the given environment—heat, cold, moisture? Are there listing or compliance
requirements such as UL or ROHS?

“Studies have shown the importance of using daylight harvesting strategies in
commercial spaces, particularly with the growing emphasis on architectural
daylighting design, but have also illustrated the importance of choosing the right
product for the application,” says Daniel Trevino, LEED-AP, Daylighting Product
Manager for WattStopper. “This helps maximize energy savings while avoiding user
complaints.”

“Using the correct photosensor for a particular application is one of the most critical
design aspects,” says Bob Freshman, Marketing Manager for Leviton Lighting
Management Systems. “The sensor that is used should be appropriate for the size of
the space and the environment in which the sensor is located.”

Control algorithm

Daylight harvesting controls may be “open loop” or “closed loop” systems. Each
measures the daylight contribution on the task surface differently. Dual loop is now
emerging as a potentially significant technology.

Closed-loop systems measure the combined contribution to light level from both
daylight and the electric lighting system. Because the photosensor measures the
electric lighting system’s light output, it “sees” the results of the controller’'s
adjustment and may make signal further adjustments based on this feedback—
creating a closed loop.

With closed loop, the photosensor measures actual light levels, so it is sometimes
considered more accurate than open loop, but control is limited to a single zone and
the system must be properly set so that transient light level changes to do not cause
overly frequent dimming or switching. As a result, closed loop is often preferable for
applications where we want to closely maintain a specific target light level, such as
small offices.

Closed-loop sensors "see" the results of their adjustment, creating a closed loop. As
such, they are typically mounted on the ceiling or as part of a light fixture with a direct
view of the task area, and no direct view of sunlight or light sources being controlled.
Graphics courtesy of California Lighting Technology Center.
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Open-loop systems measure only the incoming daylight, not the contribution from
the electric lighting. The photosensor should not see any electric light and therefore
it is mounted outside the building or inside near a daylight aperture facing away from
the controlled lighting. Because there is no feedback, it is an open loop.

With open loop, the sensor is not affected by transient light level changes but it does
not measure actual light levels. This means that a sensor placed outside a window
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would not know that the blinds were closed, and dim the lights inside anyway. As a
result, open loop is often preferable for applications where accuracy is not as
important, such as a hallway or atrium.

Open-loop photosensors measure only incoming daylight and therefore should be
mounted inside the building near a daylight aperture facing away from the controlled

lighting, or outside the building. Graphics courtesy of California Lighting Technology
Center.

»
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Dual-loop photosensing is an interesting new technology that combines open-loop
and closed-loop photodiodes looking in different directions. The intended result is
greater accuracy than using open loop alone and greater resistance to transient light
level changes than using closed loop alone.

Dual-loop photosensing combines open- and closed-loop technology to increase
accuracy and mitigate the impact of transient light level changes. Graphic courtesy of
California Lighting Technology Center.
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Spatial response

The photosensor’s spatial response, also called its angular sensitivity, describes its
sensitivity to light from different directions and defines its field of view—what it
“sees,” in effect. This is determined by the design of the optical system that gathers
and delivers light to it.

“Spatial response is composed of two factors: the angle at which the detected light is
striking the photodiode element inside the sensor, and the optics and restrictions of
the photosensor housing,” says Norm Dittmann, President of PLC-Multipoint.

The sensitivity of the photodiode changes with its angle—greatest when facing a
light source directly and decreasing as the light moves across the sensor’s detection
area. Additionally, the rings of a Fresnel lens will not allow light to enter the lens
outside of its acceptance angle. A domed sensor will blend different light sources
and be able to diffuse low-angle daylight, increasing the angle at which the light can
be measured by the sensor.

The sensitivity of a photosensor changes with its angle. Graphic courtesy of California
Lighting Technology Center.
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Sensor Signals (normalized)

Incident Angle (deg)

If the field of view is too broad, the photosensor may detect light where it shouldn't,
such as detecting direct sunlight near or outside a window, and thereby possibly dim
the lights below what is intended. If the field of view is too narrow, the photosensor
may become too sensitive to changes in brightness within a localized area, and raise
or lower the lights incorrectly.

“The narrower the spatial response, the more closely the photosensor responds to
the luminance, or brightness, of the surface at which it is aimed,” says Trevino.

According to the New Buildings Institute, a 60-degree cone of vision is common, but
Trevino points to research that suggests a 100-degree field of view for closed-loop
photosensors and a 45-degree field of view for open loop. Some sensors provide an
adjustable feature to block direct sunlight from the field of view.

Light level response

The photosensor may be limited in the range of light levels it is able to detect. Dusk
and dawn lighting control is performed at less than 10 footcandles (fc), daylighted
offices are controlled at less than 100 fc, atrium spaces are controlled at less than
1,000 fc, and skylight sensors see up to 10,000 fc of sunlight.

Below are several typical light level ranges that a photosensor “sees” for some
applications:

* 1-500 FC for a photosensor mounted on a ceiling in a windowed space;
+ 10-5,000 FC for a photosensor mounted in an atrium or skylight; and
* 100-10,000 FC for a photosensor mounted outside a building.

“Lighting designers should ensure that the range of response of the photosensor
matches the light levels likely to be found in the area of installation,” says
Solayappan Alagappan, Design Engineer for Philips.

Typical light level ranges that a photosensor "sees" for some applications. Graphic
courtesy of Leviton.
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Type of signal

The photosensor output signal to the controller may be a voltage or current form. As
with most commercial building lighting controls, a sensor with voltage output works
well when it is within 500 ft. of a controller. A sensor with current output can drive
signal thousands of feet and provide better immunity to electrical noise in more
rugged power environments. Signal resolution is also critical. This is the relationship
between what the photosensor sees and the resulting signal output. A primary
question here is whether the sensor uses a linear photodiode or nonlinear
photoconductive element.

“Photoconductive sensors use nonlinear sensing elements, which have much more
error associated with them,” says Dittmann. “The low light level response has a
steep voltage vs. footcandle slope. The response becomes less sensitive in the mid
range as the voltage/FC slope becomes lower. Finally, past a point, the sensitivity
becomes almost flat, where the sensor is not very responsive. This response curve
is not the same value for each sensor, which makes it difficult for the same settings
to be applied to different sensors.”

Dittmann says the most important trend in photosensors in the past 3-5 years has
been development of photodiode sensors that provide a linear response to light.

“For example,” he points out, “For example, an indoor sensor sees 0 FC and sends
0V as an output, and at 100 FC, it sends 10V as an output, and it's a straight line in
between. This linearity means the sensors can be reliably calibrated, which is very
important for setting the correct setpoints on lighting controllers.”

Photoconductive sensors use nonlinear sensing elements, which present a greater risk
of error. Photodiodide sensors provide a linear response to light and hence greater
accuracy. Graphic courtesy of PLC-Multipoint, Inc.
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“Thus photosensor products are available with different range of response—
illuminance ranges—to optimize signal resolution, minimize noise levels and avoid
saturation,” says Alagappan.

Table 1. Photosensor characteristics at a glance. Courtesy of PLC-Multipoint.

Photosensor Maximum FC Aiming View (°) Target Protection
Indoor 100 Downward 60 Floor Dust
Outdoor 250 Horizontal 100 Horizon Weather
Atrium 1,000 Horizontal 160 Window Water
Skylight 10,000 Upward 160 Sky Water

Photopic correction

The photosensor’s spectral response describes its sensitivity to optical radiation of
different wavelengths. Photosensors can respond to a greater range of the
electromagnetic spectrum than the visible light portion, which the human eye can
see. For example, it can respond to ultraviolet and infrared radiation and thereby dim
the lights unnecessarily, which can lead to occupant complaints. For this reason,
filters are used to as closely as possible match the photosensor’s “eye” to the human
eye.

“Daylight by nature has infrared, ultraviolet and visible light, but the human eye is
sensitive to visible light only,” says Trevino. “If the goal is to control electric lighting in
response to incoming daylight in a way that satisfies the human eye’s visual needs,
then a photosensor must have the same type of sensitivity as the human eye.”

When daylight and an electric light source are mixed in the same space at different
levels, the photosensor’s control algorithm should automatically undergo photopic
correction. Open-loop and closed-loop proportional control algorithms can
accomplish this. However, when daylight and two spectrally different types of electric
lighting—such as fluorescent and incandescent—are mingled in the same space,
correction is not currently possible with today’s technology.
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“The problem with photopic correction is that it becomes very situational,” Dittmann
warns. “An installation may have initially a certain type of lamp installed, such as a
cool white fluorescent lamp. The control system may have corrected for that color.
Years later, the lamps may be replaced with a warmer color lamp. The shift in colors
is not insignificant, and could cause the control settings to not be correctly applied.”

Typical mounting locations for photosensors based on application. Graphics courtesy of
PLC-Multipoint, Inc.
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“We see the top three trends in photosensor development to be in the following
areas: wireless, fixture integration and self-calibrating product,” says Freshman. “We
look at wireless as being a key growth area. It is an ideal solution for retrofit
applications with great cost savings that occur from not having to run new wires and
because of faster installation. Fixture mounted sensors have been a strong growth
category as well.”

“There is an evolution toward integrating daylighting controls with other types of
lighting controls,” says Trevino. “For example, manufacturers are beginning to
develop integrated systems that combine occupancy sensors, relay panels,
daylighting controls, even integration into lighting fixtures. Secondly, there’s been an
evolution towards self-calibrating/commissioning controls. Some manufacturers have
introduced devices that automatically calibrate for operation. Some minor adjustment
may be necessary to trigger this capability, but the process is far more automated
than even five years ago. This greatly simplifies the setup process, which has
always been one of the biggest hurdles to successful daylighting control.”

“Daylight regulation in combination with blind controls will be a future technology
trend,” says Alagappan. “We may also see low-resolution cameras playing the role
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of photosensors, intelligently compensating for changes in room interiors (surface
reflectances). And individual light control may emerge as a trend, in which fixtures
within one zone have different daylight settings and one intelligent photosensor
controls all of the fixtures. For example, the window and aisle-side fixture of the
room could receive different control level signals from the photosensor.”
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