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SELF-COMMISSIONING DAYLIGHT SWITCHING 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to lighting 
control systems and, more particularly, to a sWitch and 
control system for sWitching a lighting ?xture on and off to 
reduce poWer consumption. 

BACKGROUND OF THE INVENTION 

[0002] Electric-poWered lighting in commercial buildings 
in the United States accounts for 23% of the electricity 
consumed. Although the e?icacy of the ?uorescent lamp, the 
dominant electric-powered lighting source in the commer 
cial sector, is unlikely to increase signi?cantly during the 
next decade, there are signi?cant opportunities to reduce 
energy consumption used for lighting in commercial appli 
cations. These opportunities are created by using daylight 
(or solar light) more effectively by controlling the amount of 
electric-powered light delivered in response to available 
daylight. Studies undertaken over the past 20 years have 
consistently shoWn that electric energy used to generate light 
in commercial buildings can be reduced by l0%-30% by 
using a photosensor to sWitch electric-powered light When 
daylight is available, and to maintain the electric light levels 
at design levels throughout lamp life. Consumers perceive 
daylight dimming systems as ineffective, hoWever, and are 
reluctant to install lighting control systems that dim or 
sWitch electrical lighting ?xtures When daylight is present. 

[0003] Illumination control is di?icult because the sensor, 
for practical reasons, is usually located on the ceiling or high 
on a Wall, While “useful” illumination is more closely 
associated With illumination of the task or Work-plane 
(typically a desktop). Moreover, the ratio for the illumina 
tion level at the task location to the illumination level at the 
operational sensor location is different for daylight and 
electric light. This difference is due to multiple factors 
including room geometry and incident angles of the light 
source to the Work surface. 

[0004] A lighting control system employing a control 
algorithm that merely tries to maintain a constant sensor 
signal Will not provide, in fact, adequate useful illumination 
as the distribution of light Within the space changes to a 
higher composition of daylight. Task-to-ceiling illumination 
ratios typically vary by a factor of ?ve or more When going 
from the conditions of 100% electric-powered lighting to 
100% day light. Therefore, the sensor signal does not 
increase proportionally With the illumination of the task 
location. The typical outcome is that too many electric 
poWered lights are sWitched off in the presence of daylight. 
Occupants then complain of insu?icient light and the control 
is disabled. 

[0005] To overcome the problem of variable task-to-sen 
sor light level ratios for daylight and electric light, propor 
tional control systems have been suggested. Proportional 
control systems require commissioning, hoWever, Which can 
be di?icult and expensive thus limiting their effective use. 
Most products on the market do not offer su?icient adjust 
ment capabilities (both in terms of adjustment mechanics 
and range of adjustment) to alloW easy commissioning. 
Many photosensors must be moved to different locations 
using a trial-and-error approach to get satisfactory perfor 
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mance. Such movement is time consuming, aggravating, and 
expensive. For at least these reasons, commissioning is often 
not done completely or properly and the systems fail to Work 
as intended. 

[0006] The cost of installation and commissioning is 
another reason that consumers are reluctant to install light 
ing control systems to sWitch electrical lighting ?xtures 
When daylight is present. Commissioning current photosen 
sor lighting control systems typically requires the use of 
extraneous light meters. Frequently commissioning must be 
performed during multiple daylight conditions, sometimes 
including measurements in the absence of daylight. 

[0007] Another problem is that some users do not prefer 
the same level of illumination as the proportion of daylight 
to total available light changes. Preference studies have 
shoWn that, under some circumstances, people Want higher 
levels of illumination as interior daylight levels increase. 

[0008] An additional photosensor problem is that, When 
different sensors are used for commissioning measurements 
taken at different locations, they can have different sensi 
tivity to infrared (IR) radiation. This difference a?fects 
system performance because daylight contains much more 
infrared radiation than ?uorescent lighting for the same 
amount of visible light. Therefore, the photosensor sWitches 
the electric lighting When it is essentially sensing invisible 
IR radiation rather than visible light. 

[0009] Photosensors have been available for use in interior 
spaces for many years, but during this time have achieved 
dismal market penetration due to a number of factors. One 
primary reason for their lack of market acceptance has been 
cost. Current photosensors can range from a loW of nearly 
$50.00 to over $100.00 each. A building oWner must then 
factor in the cost of installation. Because nearly all existing 
photosensors require additional Wiring, the cost to install 
them in existing buildings becomes prohibitive. Even in neW 
construction, this need for additional Wiring can add to 
installation costs. After installation, each photosenor in a 
building must be individually commissioned. This is a 
di?icult and time-consuming process, often requiring sev 
eral return visits by a lighting specialist before building 
occupants are satis?ed With the results. 

[0010] Most current photosensors are also designed to 
Work in conjunction With dimming electronic ballasts in 
?uorescent lighting systems. These ballasts typically cost 
three times as much as conventional “instant-start” ballasts 
and in some cases may actually shorten the life of the 
?uorescent lamps they operate. In addition, because dim 
ming ballasts are designed With “rapid-start” circuitry (to 
maintain the lamp cathode heating necessary for dimming) 
they use more energy than instant start ballasts, even When 
the lamps they operate are not being dimmed. Many dim 
ming ballasts are also designed to maintain the light output 
of the lamps they operate about at least 5% When used With 
photosensors. Consequently, the lamps are alWays on. This 
uses some amount of energy (about 15%) as opposed to a 
100% savings When there is a complete shut off. Finally, 
after incurring all of these additional costs, a building oWner 
is never assured that the photosensors installed in his or her 
building Will operate effectively over time. Because each 
photosensor Will typically control a number of lighting 
?xtures in a space, some areas may be too dark While others 
are overlighted because daylight rarely penetrates uniformly 
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into a building’s interior. Also, daylight penetration may 
vary at adjacent Workstations because Workers operate 
blinds or there are exterior WindoW obstructions. 

[0011] Signi?cant effort has been directed to solving these 
problems as evidenced by patents and other references 
directed to proposed solutions. A summary of some of the 
more pertinent references folloWs. 

[0012] Us. Pat. No. 4,023,035 issued to Rodriguez dis 
closes a light-sensitive lamp adapter Which is small enough 
to ?t in an indoor or outdoor lamp betWeen the lamp socket 
and a light bulb. The light-sensitive electronic circuitry is 
entirely contained Within the adapter. An adjustable WindoW 
on the side of the adapter alloWs the user to have the adapter 
respond only to light of a selected intensity and incidence on 
the adapter. The adapter is also characterized by the small 
siZe of its internal electronic circuitry and the mode of 
mounting that circuitry. A solid state sWitch arrangement in 
the form of an integral triac/diac chip assembly is mounted 
directly to a metallic disk positioned against the base of the 
adapter. Therefore, the ’035 patent addresses retro?t for a 
light-sensitive lamp adapter. This subject matter differs from 
the present invention in that it is for incandescent sockets 
only and does not have a self commissioning feature that 
Will alloW proper operation under all conditions (e.g., Walk 
ing betWeen the table lamp and the WindoW could turn on the 
lights). 
[0013] Us. Pat. No. 4,701,669 issued to Head et al. 
describes a ratio method for commissioning Which has 
similarities in common With the subject invention. The 
method requires tWo photo-sensors, hoWever, and does not 
utiliZe AndreW Bierman’s self-commissioning device inno 
vation. This reference is directed to a compensated light 
sensor system for controlling the level of light at a Work 
plane so that the level of light at the Work plane is main 
tained substantially constant as daylight entering the room 
varies. 

[0014] Us. Pat. No. 5,668,446 issued to Baker discloses 
an energy-saving lighting control system for operating ?uo 
rescent light ?xtures. Light level is controlled according to 
the light required for the task being done in the area. Sensors 
detect occupancy and light level. The system provides 
time-of-day scheduling minimum and maximum lighting 
levels. A building is divided into several Zones, With several 
Zone controllers controlling and poWering one or more 
?uorescent light ?xtures and operating the sensors. The Zone 
controllers also transmit manually operated sWitch inputs 
that provide on-olf and light level requests directly from 
occupants in the Zone. Each ?uorescent ?xture Within each 
distinct Zone receives control signals from a Zone controller 
associated With each distinct Zone. Each control Zone could 
have from one to tens of light ?xtures, all responding to the 
same control signals. A central computer passes sensor 
information betWeen Zones to reduce the number of sensors 
required in a given building. The Zone controllers are slaves 
of the central control computer in that they do not initiate a 
transmission onto the poWer line unless they receive a 
command from the central computer to do so. The central 
computer alloWs the operator to directly control light levels 
in the Zone and set minimum and maximum light levels that 
are suitable for each control Zone. 

[0015] Us. Pat. No. 5,701,058 issued to Roth is directed 
to a method of semi-automatic ambient light sensor calibra 

May 4, 2006 

tion in an automatic control system. The method utiliZes a 
light meter and a programmer communicating With the 
lighting control system. The programmer senses the lighting 
level at the point of interest via the light meter and interac 
tively adjusts the lighting level through the lighting control 
system, Which controls the poWer controller for the lighting 
lamps, usually by a dimmable ballast. By reading the 
ambient light levels With the outdoor lighting at both mini 
mum and maximum levels and With the electrical lighting at 
both minimum and maximum levels, the programmer cal 
culates the electronic gain and set point required to provide 
adequate light to the point of interest at any outdoor light 
level. The method calculates a set point and a gain Which are 
utiliZed to maintain a constant lighting level at a lighting 
point of interest. The method requires a technician to enter 
information into the programmer and to close and open 
WindoW shades a number of times. The programmer calcu 
lates the values of electronic gain and set point based on 
eight light measurements (see column 5, lines 21-23). 

[0016] Us. Pat. No. 5,977,717 issued to Dean discloses a 
lighting control system that uses a photo-sensor, a compara 
tive circuit, and a logic sWitching circuit to sense light 
intensity levels. The system compares the output from the 
photo-sensor With a number of preset levels in order to 
produce a logic output Which controls the sWitching of the 
logic sWitching circuit betWeen four states: daylight, dusk, 
night, and daWn. The system avoids the problem of repeated 
sWitching on and off as a result of transient light intensity 
variations. After the light sWitches on, it Will not switch off 
again until the light intensity rises above another higher 
predetermined level. After the light switches off, it Will 
sWitch on again only if the light intensity falls beloW a 
different, loWer, predetermined value. 

[0017] Us. Pat. No. 6,583,573 issued to Bierman dis 
closes a photo-sensor and control system for dimming 
lighting ?xtures to reduce poWer consumption. The system 
decreases the amount of controlled light in response to the 
presence of both uncontrolled ambient light and controlled 
electric light, the difference in the ratios of an illumination 
level at a task location to an illumination level at an 
operational sensor location for uncontrolled light and con 
trolled light, and a user’s lighting preference. The photo 
sensor of the disclosed invention may be self-commissioned 
to compensate for the difference in illumination ratios. 

[0018] The photo-sensor includes a self-poWered photo 
cell unit having a photodiode and a Wireless transmitter. This 
arrangement alloWs the photocell unit to be easily moved for 
the commissioning procedure. In addition, all commission 
ing regimens can be taken using the same photodiode, 
reducing variability caused by differences in sensitivity to 
spectral differences betWeen daylight and electric light. 

[0019] With reference to the ?gures of the ’573 patent, the 
commissioning procedure is programmed into photo-sensor 
100 Which, in turn, controls the electrical lighting ?xture 10 
and, therefore, can measure illumination levels With and 
Without electric light 30, calculating the illumination from 
electric light 30 by subtraction. A commissioning button 118 
is provided for operator input during the commissioning. An 
operator initiates the programmed commissioning procedure 
by positioning photocell unit 110 at task location 4 as shoWn 
in FIG. 7, and pressing commissioning button 118. Photo 
sensor 100 then automatically measures the combined day 
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light 20 and electric light 30 illumination level at task 
location 4, turns oiT the electrical light ?xture 10, measures 
the daylight 20 illumination level at task location 4, turns on 
the electrical lighting ?xture 10, and prompts an operator to 
move photocell unit 110. The operator positions photocell 
unit 110 at operational sensor location 2, as shoWn in FIG. 
2, and again presses commissioning button 118. Photo 
sensor 100 then automatically measures the combined day 
light 20 and electric light 30 illumination level at operational 
sensor location 2, turns oiT electrical lighting ?xture 10, 
measures a daylight 20 illumination level at operational 
sensor location 2, turns on electrical lighting ?xture 10, and 
calculates set-point and ratios for use by an illumination 
control algorithm to compensate for differences in task-to 
sensor illumination ratios betWeen daylight and electric 
light. 

[0020] A publication entitled “Photoelectric control of 
equi-illumination lighting systems” by F. Rubinstein, pub 
lished in Energy and Buildings, 6, pp. 141-150 (1984) 
discloses a photo-electrically controlled lighting system to 
maintain a constant light level on a task surface by respond 
ing to changing daylight levels. The system is a?fected by the 
control algorithm used to relate the photo-sensor signal to 
electric light levels and by the geometry and location of the 
photo-sensor. The article discloses equations for a control 
processor signal that separate the signal into electric light 
and daylight components. The system consists of three basic 
components: (1) a control photo-sensor that generates an 
electrical signal proportional to the amount of light imping 
ing on its surface; (2) a logic circuit that incorporates a 
control algorithm to process the photo-sensor’s signal and 
convert it to a control signal for a dimming unit; and (3) a 
dimming unit that smoothly varies the electric light output 
by altering the amount of poWer ?oWing to the lamps. The 
system can be applied to high-frequency ballasted systems 
capable of controlling individual ?xtures. 

[0021] The article states, “the algorithm employed by the 
control system is of crucial importance . . . [T]he simpler the 
form of the algorithm, the simpler it is to design and operate 
the system.” See page 143. The simplest control algorithm 
is a constant set-point algorithm. Once the daylight compo 
nent of light sensed by the photo-sensor exceeds the maxi 
mum de?ned by the equations, the control system turns oiT 
the electric lighting. See page 144. 

[0022] Us. Pat. No. 5,357,170 issued to Luchaco et al. 
discloses a light control system With a priority override. The 
system is selectively operable in either a normal mode or an 
o?f-normal mode. In the normal mode, certain lighting 
parameters (e.g., maximum and minimum light levels and 
fade rates) are preset and lighting level is determined by 
Which of a plurality of inputs requires the least electrical 
poWer. In the o?f-normal mode (e.g., a calibration or light 
adjustment mode), certain parameters are adjustable by 
manually adjusting the position of a Wiper blade in a 
potentiometer. A microprocessor-based logic and control 
unit is adapted to automatically sWitch from the normal 
operating mode to the o?f-normal mode in response to 
movement of the Wiper blade. After a predetermined time 
period folloWing the most recent movement of the Wiper 
blade, the logic and control unit stores the neW level of the 
adjusted parameter and returns to the normal operating 
mode. 
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[0023] Us. Pat. No. 5,498,931 issued to Bedocs discloses 
automatic sWitching and control of lighting in a localiZed 
area. The sWitching of the lighting is dependent on the 
presence or absence of a person in the localiZed area. The 
control of the lighting intensity is dependent on the sensed 
background level of lighting in the localiZed area. A photo 
cell detects the light level in the operation range. Control 
electronics receive a signal from the photocell indicating the 
level of light that is being detected. If the photocell receives 
a level of light above the tum-oiT level, the electronics 
delays a predetermined amount of time before decreasing 
the lamp output. After that, the control electronics provides 
an appropriate signal to the inverter and ballast to extinguish 
the lamps. This stabiliZes the system response by preventing 
the lamps from turning on and oiT in a rapid and annoying 
fashion. The control electronics adjust the lamp output to 
maintain the light level as constant as practicable at a target 
light level. The control scheme varies the lamp output 
betWeen a minimum and maximum level as dictated by the 
ambient light provided by sources other than the lamps 
under control. The range of lamp output, as Well as the target 
light level, can be selected according to the expected ambi 
ent light ?uctuations in the environment Where the device is 
installed and according to the intended use of the environ 
ment and its lighting requirements. 

[0024] Us. Pat. No. 5,894,175 issued to Berlin et al. is 
directed to a photo-control apparatus and circuit Which uses 
light to regulate the operation of a load. The photo-control 
circuit includes tWo or more photocells connected in parallel 
that respond to ambient light and a sWitch that uses a bimetal 
element to connect the poWer sWitch to the load. When the 
photocells are exposed to ambient light, the resistance of the 
photocells decreases Which results in increased current ?oW 
causing a heating resistor to dissipate additional heat. The 
additional heat forces the bimetal element to expand Which 
thereby disengages the load from the source. In the absence 
of light, the resistance of the photocells increases, limiting 
the heat and alloWing the sWitch to remain in a closed 
position. This couples the load to the source. FIG. 3 
illustrates a prior art version of a photo-control apparatus 
Which embodies a single photocell. 

[0025] Us. Pat. No. 6,294,874 issued to Rudolph et al. is 
directed to a ceiling fan assembly that includes a light 
sensitive circuit for controlling an illumination level of a 
light as a function of an ambient illumination level surround 
ing the ceiling fan assembly by selectively controlling or 
?xing a conduction phase angle of an AC poWer signal 
provided to the light. The light-sensitive circuit includes a 
photocell that is responsive to the ambient illumination 
level. The light-sensitive circuit operates as a function of 
ambient illumination surrounding the ceiling fan assembly. 
The light-sensitive circuit illuminates at selective percent 
ages of a fully-on illumination level as a function of an 
ambient light level; illuminates at a fully-on illumination 
level or a fully-olT illumination level regardless of the 
ambient light level; and avoids ?icker from the light oper 
ating at loW levels of illumination. 

[0026] A paper entitled “Characterizing daylight photo 
sensor system performance to help overcome market barri 
ers” by A. Bierman et al, published in the Journal of 
Illuminating Engineering Society (Winter 2000) discloses 
theoretical underpinnings for a daylight photo-sensor system 
that could control illumination ef?ciently by balancing the 
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use of daylight and electric light and Would offer occupants 
a satisfactorily illuminated Working environment in office 
buildings. The article discloses that “[t]he control algorithm 
is the most important functional element of the photo-sensor 
system,” see page 108, and that it “dominates the perfor 
mance of the photo-sensor system,” see page 110. According 
to the article, the main division of separate functions is 
betWeen the optical and electrical characteristics. The opti 
cal functions serve tWo main purposes: (1) they collect 
ambient radiation and direct it onto the photocell, Where it 
is converted into an electrical signal; and (2) they make the 
response of the photo-sensor Wavelength selective in some 
Way so that it can be related to photometric quantities. The 
electrical function modi?es the photocell signal to produce 
the desired control-algorithm response. The control algo 
rithm can be further divided into a steady-state response and 
a temporal response. The link betWeen the optical response 
functions and the control algorithm can be made by report 
ing the control algorithm as a function of photo-sensor 
illuminance for a speci?c Wavelength and incident direction. 

[0027] Us. Pat. No. 4,461,977 issued to Pierpoint et al. 
discloses a Zone lighting controller that controls lights by 
integrating external control signals for daylight and occu 
pancy With a local override function. The daylight signal is 
from a master photoelectric control and the occupancy 
signal is from a time clock or electronic occupancy sensor. 
The lighting controller turns the lights off if there is either 
su?icient daylight or if the Zone is vacant and turns the lights 
on if there is insufficient daylight and the room is occupied. 
The override sWitch alloWs the light to be on for a preset 
period of time regardless of the control signals from the 
daylight and occupancy sensors. 

[0028] A paper entitled “A comparison of photosensor 
controlled electronic dimming systems in a small of?ce” by 
R. Mistrick et al., published in the Journal of the Illuminat 
ing Engineering Society (Winter 2000) analyZed six com 
mercially available photo-sensors and their associated con 
trol algorithms. Although the study addressed the ability of 
the sensors to be optimally ?t to a series of daylight 
conditions, it did not address the ability of the sensors to be 
appropriately calibrated under real room conditions. The 
article notes that “[c]alibration presents a potential problem 
since the actual performance of a control system is based on 
a setting that is derived at a single daylight condition. If this 
condition is not carefully selected, the resulting performance 
may be different than desired.” See page 71. 

[0029] Us. Pat. No. 4,021,679 issued to Bolle et al. 
discloses a method and apparatus for automatically sWitch 
ing arti?cial light. The light is turned on by a person entering 
the area and re?ecting an ultrasonic Wave pattern toWard a 
receiver. The light is turned off by a person moving into 
contactless proximity of a capacitance comparison circuit 
Which uses the capacitance of the human body as one of the 
circuit elements. The system uses a photocell to operate at 
different levels of sensitivity, depending upon the existing 
available light in the area. 

[0030] Us. Pat. No. 4,523,132 issued to Christiansen et 
al. relates to a lighting system having a plurality of indi 
vidual light points that can be controlled by a central sWitch 
element. The central sWitch element includes a light sensor 
and a dimness sWitch. Manually operated sWitches may be 
used to override the central sWitch. 
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[0031] Us. Pat. No. 6,003,160 issued to Seidle et al. 
discloses an automatic self-illuminating toilet lid. The toilet 
lid has a light source that can automatically be sWitched on 
and off using a gravity sWitch When the toilet lid is raised and 
loWered. A light sensor opens a circuit When room light or 
daylight is detected, thus preventing batteries from lighting 
the lamp. 

[0032] Us. Pat. No. 6,422,714 issued to Hubbell discloses 
an illuminated outdoor sign With tWo photo-sensors that 
control When the sign is illuminated. One photo-sensor 
responds to ambient light level. It is shielded from arti?cial 
light such as street lights and lights from vehicles. The 
second photo-sensor responds to a vehicle’s headlights. It is 
shielded from ambient light and other sources of arti?cial 
light. When both photo-sensors are on, a lamp in the sign is 
illuminated. 

[0033] To overcome the shortcomings of prior art photo 
sensor systems, a neW photosensor sWitch is provided. An 
object of the present invention is to provide improved 
building end-use ef?ciency. A related object is to signi? 
cantly reduce the lighting energy used in commercial build 
ings With signi?cant daylight contribution either through 
WindoWs or skylights. Another object is to reduce peak load 
requirement. 
[0034] It is still another object of the present invention to 
have a system that is easy to install, requiring no additional 
runs of Wire. An additional object is to use the system With 
existing Wiring Within a lighting ?xture. Yet another object 
of this invention is to use the invention With conventional 
ballast technologies, including instant start ballasts, Without 
the need to replace ballast. A further object of the invention 
is have a system that is self-commissioning and Will not 
require a lighting specialist. It is yet a further object of the 
invention that the system Will individually control only one 
lighting ?xture, Which Will be turned off only if suf?cient 
daylight is available in the area Where that particular ?xture 
is installed. It is yet a further object of the invention to 
alleviate the problem of having uneven light distribution 
Within a space. 

SUMMARY OF THE INVENTION 

[0035] To achieve these and other objects, and in vieW of 
its purposes, the present invention provides a control system 
for controlling an electric luminaire disposed in an indoor 
space. The control system has a programmable sWitch for 
sWitching the luminaire betWeen on and off conditions. It 
also has a photosensor for sensing light at multiple locations 
Within the space and a processor for receiving signals from 
the photosensor and controlling the sWitch responsive to the 
signals. The processor is con?gured perform a number of 
calculations. The processor calculates a ?rst plurality of 
sensor signal values When the photosensor is at a ?rst 
location Within the space; it calculates a second plurality of 
sensor signal values When the photosensor is at a second 
location Within the space; it calculates a ?rst threshold value 
for sWitching on the luminaire When light in the space is less 
than a ?rst value; and it calculates a second threshold value 
for switching off the luminaire When light in the space is 
greater than a second value. 

[0036] The present invention also de?nes a method of 
commissioning a sWitch to control an electric luminaire in 
an indoor space responsive to signals from a photosensor. A 
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?rst plurality of sensor signal values is calculated When the 
photosensor is disposed at a ?rst location Within the space. 
A second plurality of sensor signal values is calculated When 
the photosensor is disposed at a second location Within the 
space. A ?rst threshold value is calculated for switching on 
the luminaire When light in the space is less than a ?rst value. 
A second threshold value is calculated for switching off the 
luminaire When light in the space is greater than a second 
value. 

[0037] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, but are not restrictive, of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The invention is best understood from the folloW 
ing detailed description When read in connection With the 
accompanying draWing. It is emphasized that, according to 
common practice, the various features of the draWing are not 
to scale. On the contrary, the dimensions of the various 
features are arbitrarily expanded or reduced for clarity. 
Included in the draWing are the folloWing ?gures: 

[0039] FIG. 1 is a diagram of a WindoWed of?ce or Work 
space that can bene?t from the present invention; 

[0040] FIG. 2 is a circuit diagram illustrating a conven 
tional circuit supplying electric poWer to lamps; 

[0041] FIG. 3 is a circuit diagram illustrating hoW electric 
poWer is supplied to lamps using the present invention; 

[0042] FIG. 4 is a photograph of a sWitch module and a 
sensor module in accordance With an exemplary embodi 
ment of the invention; 

[0043] FIG. 5 illustrates an operational sensor location in 
accordance With an exemplary embodiment of the invention; 

[0044] FIG. 6 illustrates another operational sensor loca 
tion in accordance With an exemplary embodiment of the 
invention; 

[0045] FIG. 7 is a How chart illustrating the main algo 
rithm of the sWitch in accordance With an exemplary 
embodiment of the invention; 

[0046] FIG. 8 is a How chart illustrating an initial check 
procedure in accordance With an exemplary embodiment of 
the invention; 

[0047] FIG. 9 is a How chart illustrating the commission 
ing procedure in accordance With an exemplary embodiment 
of the invention; 

[0048] FIG. 10 is a How chart illustrating the photosensor 
procedure in accordance With an exemplary embodiment of 
the invention; 

[0049] FIG. 10A is a How chart illustrating an alternative 
embodiment of the photosensor procedure; 

[0050] FIG. 11 is a circuit diagram in accordance With an 
exemplary embodiment of the invention; and 

[0051] FIG. 12 is a block diagram illustrating the func 
tions that may be performed by a microprocessor in accor 
dance With an exemplary embodiment of the invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] Although the invention is illustrated and described 
herein With reference to speci?c embodiments, the invention 
is not intended to be limited to the details shoWn. Rather, 
various modi?cations may be made in the details Within the 
scope and range of equivalents of the claims and Without 
departing from the invention. 

[0053] Referring noW to the draWing, in Which like refer 
ence numbers refer to like elements throughout the various 
?gures that comprise the draWing, FIG. 1 shoWs a typical 
Work space 501. Typical Work space 501 has WindoWs 515 
Which alloW daylight 520 from the sun 514 and re?ected 
daylight from the sky and ground to enter the Work space 
501. This daylight 520 could be used to replace some or all 
of the electric light 530 provided by one or more electrical 
lighting ?xtures 510 or luminaires to provide illumination of 
a task location 504 in the Work space 501. To control the 
amount of illumination provided by lighting ?xtures 510, a 
sensor module 600 may be incorporated in a lighting control 
system to dim or switch off the lighting ?xtures 510 in 
response to the illumination available in the Work space 501. 
The most convenient conventional location for the sensor 
module 600 is at an operational ceiling sensor location 502, 
typically on the ceiling or is high on a Wall of the Work space 
501. 

[0054] The inventors have developed equations upon 
Which they have based their apparatus and method. FolloW 
ing is the derivation of the equations for maintaining con 
stant task light level from remote sensor measurements 
When tWo light sources/distributions are present. 

[0055] The electric light and daylight task/sensor ratios are 
de?ned as folloWs: 

TE 
E = — 

R SE 

TD 
D = — 

R SD 

[0056] Where TE is the Task electric light level, TD is the 
task daylight light level, SE is the sensor signal due to 
electric light, and SD is the sensor signal due to daylight. 

[0057] The sensor, S, responds to a combination of day 
light and electric light. The amount of electric light as 
measured by the sensor, SE, needed to maintain a constant 
task light level is needed for appropriate control of the 
electric lighting. 

[0058] Separating the contributions of daylight and elec 
tric light and using the task/sensor ratios SE is expressed in 
terms of the total sensor signal. 

[0059] This last equation gives the sensor signal from 
electric light that is required to maintain constant task 
illumination. SE is in terms of the measured sensor signal, 
from both electric light and daylight, the ratios determined 
during commissioning, and the desired task light level. This 
equation may be used With sWitching systems to set the 
correct electric light output. 
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[0060] For on/o? control, only tWo threshold values for 
the sensor signal, S, are needed; the value at Which the 
electric lights are sWitched o?, and When o?f, the value at 
Which the electric lights are sWitched on. 

[0061] SWitching Off the Lights 

[0062] The task light level When the electric lights are 
sWitched o? is desirably at least tWice the light level When 
only the electric lights are on so that When the electric lights 
are sWitched o? the task light level from daylight Will be 
equal to or greater than that from the electric lights alone. 

[0063] SWitching On the Lights 

[0064] The electric lights are desirably sWitched on When 
ever the task light level falls beloW the light level produced 
by only the electric lights. When the electric lights come on, 
the task light level Will be nearly equal to tWice the electric 
light only light level. 

[0065] In equation form: 

[0066] Where Tdloff is the daylight contribution Which 
equals the electric light level at this particular condition and 
TEO is the electric light component at the task. The sensor is 
not at the task so TOFF must be expressed in terms of What 
the sensor, located on the ceiling, say, is measuring. Since 
the daylight and electric light contributions are separated, 
the task/sensor ratios can be used to determine the threshold 
sensor measurements. 

[0067] The daylight task/sensor ratio is used in the equa 
tion for the threshold for sWitching on the electric lights 
because only daylight is present When that threshold is 
determined. 

[0068] The electric lights are sWitched o? When the sensor 
measures a level greater than SOFF, and sWitched on When 
the sensor measures a level less than SON. To avoid frequent 
sWitching When the daylight level hovers near the threshold 
values the SOFF threshold may be pushed higher, a time 
delay criteria may be added, or both measures may be used 
for maximum guarding against frequent, annoying switch 
mg. 

[0069] Commissioning 

[0070] A commissioning procedure is required in order to 
determine the task/sensor ratios and the task light level 
provided by only the electric lighting. The folloWing four 
measurements are obtained. 

[0071] 1. Task location, lights o? (A) 

[0072] 2. Task location, lights on (B) 
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[0073] 3. Sensor location, lights o? (C) 

[0074] 4. Sensor location, lights on (D) 

[0075] From these measurements TD=A, SD=C, TE=B—A, 
and SE=D—C. In terms of the commissioning constants A, B, 
C, and D, the sWitching thresholds, SON 

BC—2AC+AD 
SOFF : f 

S BC-AC 
0N — A 

[0076] FIG. 2 shoWs a conventional circuit illustrating 
hoW electric poWer is supplied to lamps. Electricity is 
supplied from input electric lines 700, 702 to ballasts 710. 
Electricity then ?oW to lamps (not shoWn) from ballasts 710 
through output electric lines 704, 706. 

[0077] FIG. 3 shoWs a circuit illustrating hoW electric 
poWer is supplied to lamps using the present invention. 
Electricity is still supplied from electrical lines 700, 702 to 
lamps (not shoWn) through ballasts 710. HoWever, a self 
commissioning sWitch module 620 is placed Within line 702 
before the ballasts in order to sWitch the ballasts o? and on 
in accordance With an algorithm and in accordance With the 
amount of light sensed by a sensor module 600. In an 
exemplary embodiment, in order to insert sWitch module 
620, electric line 702 may be cut, forming lines 702A and 
702B. Line 702A is connected to the input side of sWitch 
module 620 and line 702B is connected to the output side of 
sWitch module 620. Ballasts 710 illustrated in FIG. 3 may 
be the same conventional ballast technology illustrated in 
FIG. 2. Accordingly, no ballast replacement is required. As 
shoWn in FIG. 3, the invention has tWo main parts: the 
sWitch module 620 and the sensor module 600 coupled to 
each other over line 610. The sWitch module may be 
installed directly onto the ballast lead Wire in an existing 
?uorescent lighting ?xtures or housing. In an alternative 
embodiment, the sWitch module may clip onto the ballast 
lead Wire in an existing ?uorescent lighting ?xture. In 
another alternative embodiment, the sWitch module may be 
used With a luminaire other than a ?uorescent lighting 
?xture. Either of these embodiments may be used during 
retro?t installation. In yet another alternative embodiment, 
the sWitch module may be Wired directly to the lead Wire on 
a neW ?xture. 

[0078] The sWitch module incorporates electronic cir 
cuitry and a microprocessor into a small, lightWeight hous 
ing that may easily ?t into the ballast channel in a ?uorescent 
lighting ?xture. The sWitch module may also have a small 
transformer to poWer up the sensor module 600 Which 
contains a photocell. Details of the sWitch module, the 
sensor module, and hoW they interact With a lamp are 
presented in detail beloW. Generally, sensor module 600 
generates a sensor signal responsive to the illumination level 
at sensor module 600. Sensor module 600 is movably 
mounted in an operational sensor location. As shoWn in 
FIG. 1, an operational ceiling sensor location 502 may be 
betWeen lamps 510. As shoWn in FIG. 5, an operational 
sensor location may be at task sensor location 504. As shoWn 
in FIG. 6, an operational sensor location may be at opera 
tional lamp location 506. In an exemplary embodiment, 
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sensor module 600 is moved between operational sensor 
locations at task location 504 and at lamp location 506. 

[0079] FIG. 4 is a photograph of an exemplary embodi 
ment of a sWitch module 620 and an exemplary embodiment 
of a sensor module 600. Sensor module 600 includes a 
photosensor 640 Within in a rotatable ball 650. Rotatable ball 
650 provides ?exibility in placement of the sensor module 
so that it can be adjusted to point to the source of light 
regardless of Where it is placed in a room. For example, if 
the sensor module is placed on the ceiling, the photosensor 
might point straight doWnWard. On the other hand, if the 
sensor module is placed on a Wall, the sensor module Would 
have to be rotated to enable the photosensor to point 
doWnWard. Rotatable ball 650 may alloW the user to point 
the photosensor in the desired direction. 

[0080] FIG. 7 is a How chart illustrating the main algo 
rithm of the sWitch of the present invention. When beginning 
the process the ?rst time, the sWitch is placed at a particular 
location in a particular room, and step 10 initiates the call 
initial check procedure. A purpose of initial check procedure 
10 is to determine if the program for the speci?c light is 
running for the ?rst time. Another purpose of the initial 
check procedure 10 is to set default settings that are used for 
the operation of the sWitch before the program algorithm 
runs the system through the commissioning procedure. The 
initial check procedure 10 is illustrated by the How chart 
shoWn in FIG. 8. 

[0081] The initial check procedure 10 begins at step 100 
When the light is ?rst turned on. At that point, initial check 
procedure 10 determines if the program is running for the 
?rst time. Decision Block 110 determines if the ?rst persis 
tent byte Fper is not equal to the EEPROM?ag stored in the 
microprocessor. If Fper is not equal to EEPROM?ag, the 
initial check procedure has not been run previously and the 
ansWer to Decision Block 110 is “Yes.” If Fper is equal to 
EEPROM?ag, the ansWer to Decision Block 110 is “No,” 
meaning that the initial check procedure 10 has been run 
previously. If the ansWer to Decision Block 110 is “Yes,” 
Step 120 of the program sets SOff equal to 100,000 and sets 
SOn equal to 0. SOff is set to such a high number so that the 
light never automatically turn o?‘. That is, the light is alWays 
controlled by the algorithm-controlled sWitch. SOn is set to 0 
so that the lights alWays sWitch on, regardless of the pho 
tosensor signal. Accordingly, When the system is run for the 
?rst time, the light Will be sWitched on as the system runs 
through the initial check procedure. These initial values of 
S and SOff are stored in non-volatile memory EEPROM?ag 
the ?rst time the program is run and the value of Fper is set 
to equal the value of EEPROM?ag. 

[0082] When the light is turned off for the day, the last SOff 
and SOn sensor signals are stored in the non-volatile memory 
EEPROM?ag. When the light is turned on, and the initial 
check procedure is restarted, the ansWer to Decision Block 
110 may be “No” because the initial check procedure has 
been run previously and Fper is equal to EEPROM?ag. As a 
result, the ansWer to Decision Block 110 is “No” and 
resulting in Step 130 being run. When Step 130 is run, the 
program retrieves the values of SOff and SOn that had been 
stored in non-volatile memory EEPROM?ag When the light 
had been turned o?‘. More speci?cally, the sensor signal for 
SOff and the sensor signal for SOn are each retrieved from the 
non-volatile memory. After Step 120 has been performed 
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When the system is ?rst turned on, the initial check proce 
dure ends at Step 132. Similarly, after Step 130 has been 
performed When it is appropriate to perform Step 130, the 
initial check procedure ends at Step 132. 

[0083] After the main algorithm completes initial check 
procedure 10, it proceeds to a repeating series of steps 
shoWn Within dotted box 20 in FIG. 7. In an exemplary 
embodiment, these repeating steps may be performed every 
0.5 second. In other embodiments, the repetition rate of the 
steps Within box 20 may be varied depending upon the 
desired speed of response of the system. Accordingly, the 
repetition rate may be higher if it is important to immedi 
ately sWitch the lights on in response to changing conditions 
and may be loWer if immediacy is not needed. 

[0084] Before the main algorithm and the various sub 
algorithms are explained, the underlying circuit Will be 
explained. With the exception of calibration sWitch 724, 
FIG. 11 is a circuit diagram of the components contained 
Within sWitch module 620, their connection to sensor mod 
ule 600 over coupling 610, their connection to poWer lines 
700, 702, and their connection to ballasts 710, also shoWn in 
FIG. 3. A calibration sWitch 724 is provided for operator 
input during the commissioning, and a commissioning pro 
cedure is programmed into sWitch module 620. Although 
calibration sWitch 724 is connected to the sWitch module 
circuitry, calibration sWitch 724 is not positioned Within 
sWitch module 620. Instead, it is positioned outside sWitch 
module 620 as explained in more detail beloW. 

[0085] Referring to FIG. 11, a Wiring connector 708 may 
couple sWitch module 620 to sensor module 600 (not shoWn 
in FIG. 11) via coupling lines 610. Wiring connector 708 is 
part of sWitch module 620 that is physically and electrically 
connected to the luminaire housing. SWitch module 620 may 
be inserted betWeen the input current received from poWer 
lines 700, 702 and ballasts 710 by cutting poWer line 702A 
and placing sWitch module 620 in line 702A. SWitch module 
620 may include a relay sWitch 722. In an exemplary 
embodiment, relay sWitch 722 may be an electronic relay 
sWitch. In an alternative embodiment, relay sWitch 722 may 
be a mechanical relay sWitch. Relay sWitch 722 may open or 
close the circuit betWeen input poWer line 702A and ballasts 
710. When relay sWitch 722 is closed, current may ?oW from 
input poWer line 702A through connector 721, line 722A, 
relay sWitch 722, line 722B, connector 721, and line 702B. 
When relay sWitch 722 is open, current may not How to 
sWitch module 620 or to sensor module 600. 

[0086] Also coupled to input poWer lines 700, 702 is a 
transformer 712 Which may convert the line voltage to 7.2 
volts. Recti?er 714 may convert the voltage output from 
transformer 712 into 7.2 volts DC. Referring to FIG. 12, the 
7.2 volts DC at the output of recti?er 714 may be converted 
to a regulated 5 volts DC by a voltage regulator 726 Within 
microprocessor 716. The regulated 5 volts DC output from 
microprocessor 716 poWers various components including 
CMOS analog sWitch 718, analog to digital converter and 
ampli?er 720, and relay sWitch 722. 

[0087] Five volts may also be transmitted from voltage 
regulator 726 to calibration sWitch 724 via an internal 
resistor connection (not shoWn). In an exemplary embodi 
ment, calibration sWitch 724 is open, alloWing the 5 volts to 
be applied to the CAL pin in microprocessor 716. When 
calibration sWitch 724 is pushed, it grounds the 5 volts 












