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A LIGHTING SYSTEM AND A METHOD FOR LOCALLY CHANGING
LIGHT CONDITIONS

Field of the Invention

The present invention relates to a lighting system comprising: for initiating change of a
mammal’s circadian state or wellness state, comprising at least one computational unit
with a memory, a processor, at least one input and at Jeast one output. Further, the
lighting system comprises at least one light sensor with spectral and luminosity sensitiv-
ity and means for providing information through a connection to said least one input of
the computational unit. And which computational unit has computational means that
are arranged for collecting, storing, and processing data from at least the light sensor
making operational information and comparing said operational information with state
information about the mammal’s circadian state or well-being state and which compu-
tational means compares the operational information and the state information for acti-

vating means for generating at least one output signal.

Background of the Invention

Productivity of humans and in general mammals is essential to the industrial world and
the wellbeing of human kind and the world as such. Means for optimising the way that
humans and generally mammals use their resources are essential to enable humans and
mammals to perform better and more effective. As such machinery and better proce-

dures have proven beneficiary to human kind.

It is well known that the society has organised it self with a work schedule with pro-

duction of all sorts starting at fixed times and lasting for specified periods.

At the same time it is know that individuals each have their chronotype or circadian
type that will be an individual rhythm that in most cases will be more or less out of

synch with the daily rhythm of scheduled working hours.
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Besides plain efficiency during a work schedule, it is also recognized that lights condi-
tions can improve the overall well-being experienced by the individual user thereby

increasing the efficiency or the output of the user.

Usually lamps, or light sources therein, are designed to provide light that enables a hu-
man or mammal to see objects. This happens by providing a light source that emits
light that directly or via reflections excites classical photoreceptors, rods and cones in

the retina in an eye.

Hence an image formed on the retina by the lens in the eye results in that the rods and
cones transmits signals to the brain carrying information about the shape and colour of

what is seen. This process is almost instant.

Besides, the retina also has a third photoreceptor: the photosensitive ganglion cell, the
photosensitive Retinal Ganglion Cells (pRGC), or intrinsically photosensitive Retinal
Ganglion Cells (ipRGC).

The pRGC respond to light over time or in a cummulative fashion dissimilar to the
classical receptors and the pRGC are not image-forming. As such pRGC provide the

brain information about the ambient light intensity and colour.

Although some technological efforts have been made to describe a “circadian pace-
maker” these efforts have been overly complex, impractical to implement or merely
been system that have been limited to certain limited situations, where they can be

used.

On such lighting system for control of a subject’s circadian cycle is disclosed in patent
application US 2005/0015122. The system gives guidance to a method and a system
through application of model based predictive control techniques and variations thereof
using optimisation schemes based on cost functions and mathematical models such as

the Jewett-Kronauer model of the circadian cycle.
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However, the system and control signals used in the system focuses on the light inten-

sity and are deficient with respect to the use of colours.

Moreover, the system and control signals are focused on getting a subject “back to a
natural phase” and are deficient with respect to boosts of energy for the well being of a

subject.

Also, the system and control signals disclosed do not provide any insight into how to
make a functioning lightening environment that can be implemented and also be used as
an ordinary lighting system that can be used in rooms in private homes, offices, facto-

ries, or hospitals to mention just a few.

Also, the system and control signals disclosed do not provide any insight into how a
light source or lamp can be configured to provide a variable colour, and in particular
any insight into how the colour and intensity can be varied essentially continuously

either individually or together.

Finally, the system and control signals disclosed do not provide any insight into how to

reduce power consumption and subsequently COZ2-emissions.

Object of the Invention
It is an object of this invention to provide a system that overcomes any of the men-

tioned shortcomings of mentioned prior art.

An object of the present invention is to provide a lightening system that enables collect-
ing and processing input about present light conditions surrounding a mammal and in
particular a human for generating an output that will alter the light conditions sur-
rounding the mammal thereby providing a better lighting environment and thereby in-
creasing the well-being or “energizing” the mammal and/or reducing the resources such

as electricity needed to provide the required light.
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By light conditions are primarily understood conditions such as luminosity and colour
temperature, but uniformity, stability and smooth transitions etc are also generally un-
derstood to be included under light conditions.

An object of the present invention is to provide a lamp that produces light that that

regulates the circadian rhythm at least partially according to the 24-hour cycle.

A further object of the invention is to provide a lamp that can contribute to the regula-

tion of the hormone melatonin from the pineal gland.

A further object of the invention is to provide a lamp that produces light that will regu-

late the pupil size.

An object of the present invention is to provide lamp to interact with and/or to re-
sponse to a system that enables collecting and processing input about present light
conditions surrounding a mammal and in particular a human for generating an output
that will alter the light conditions surrounding the mammal thereby providing a better
lighting environment and thereby increasing the well-being or “energizing” the mammal
and/or reducing the resources such as electricity needed to provide the required light.

An object of the invention is a lighting system that is intelligent and/or learning and

enabled to regulate light based on a user’s previous behaviour.

Objects of the invention includes, one or several in combination, to optimise the visual
conditions of the user, to increase the quality of the lighting in the vicinity or the area
surrounding the user, to improve the physical working environment, to stabilise the
users biological rhythms such as the circadian rhythm, to increase the general well-
being of the user, to reduce the energy consumption required to maintain adequate or
optimised lighting and thereby reducing the emission of greenhouse gasses such as CO,

or particulate matters.

Description of the Invention
Accordingly this is achieved by a lighting system to be disclosed, a lamp or a light
source to be disclosed and/or a combination of a lighting system and a lamp or a light

to be disclosed.
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In particular an object of the invention is fulfilled according to a lighting system for
initiating change of a mammal’s circadian state or well-being state, comprising;
- at least one computational unit with a memory, a processor, at least one
input and at least one output
- at least one light sensor with spectral and luminosity sensitivity and means
for providing information through a connection to said least one input of
the computational unit,
which computational unit has computational means that are arranged for collecting,
storing, and processing data from at least the light sensor making operational informa-
tion and comparing said operational information with state information about the
mammal’s circadian state or well-being state and which computational means compares
the operational information and the state information for activating means for generat-
ing at least one output signal at least one connector for communicating with and con-
trolling at least one light source and
- which computational unit is configured to calculate and least one output sig-
nal configured to output the setting of at least one light source or lamp to
- a colour temperature range between 2700 — 7000 K;
- an intensity range between 10 to 1000 lumens; and
- a Ra-index greater than 92 at all values of colour temperature and

intensity.

Thereby one more objects of the invention are achieved.

In particular an object of the invention is fulfilled according to a lamp emitting light,
comprising:

- a housing configured to hold a

- a reflector configured to reflect and/or direct light from

- a least one light source through

- a diffuser, and
wherein said lamp further comprises a light control unit with at least one connector for
communicating with and receiving regulating information from a lighting system as
disclosed herein and configured to vary at least one light source so the light emitted

from the lamp has
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- a colour temperature range between 2700 — 7000 K;
- an intensity range between 10 to 1000 lumens; and

- a Ra-index greater than 92 at all values of colour temperature and intensity.

Thereby one more objects of the invention are achieved.

In particular an object of the invention is fulfilled according to a kit of a lighting system

and a lamp or a light source as disclosed in herein.

In the following separate units, elements or sub-systems will be disclosed.

One aspect of the invention I a lighting system for initiating change of a mammal’s cir-
cadian state or well-being state, comprising:

- at least one computational unit with a memory, a processor, at least one
input and at least one output

- at least one light sensor with spectral and luminosity sensitivity and means
for providing information through a connection to said least one input of
the computational unit,

- which computational unit has computational means that are arranged for
collecting, storing, and processing data from at least the light sensor mak-
ing operational information and comparing said operational information
with state information about the mammal’s circadian state or well-being
state and which computational means compares the operational informa-
tion and the state information for activating means for generating at least

one output signal.

Thereby the lighting system provides a system that affects the circadian rhythm or the

well-being of the mammal, which can be a human and described as a personal user.

By dynamically and adaptively regulating the light surrounding the user, the lighting
system will contribute to optimise the visual conditions of the user, optimise or better
the quality of the lighting at working location, change or stabilise the user’s biological

day rhythms, increase the overall well-being of the user and the overall health condi-
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tions, reduce the energy consumption needed to provide the required light and thereby
reduces the emission of gasses such as CO,.
According to an embodiment of the invention, the light sensor is a point or a spot sen-

sor measuring a limited area of a few mm’ or cm’.

According to an embodiment of the invention, the light sensor measures the ambient
light by measuring at least light passing part or a whole sphere and typically a half

sphere.

According to an embodiment of the invention, the light sensor measures at least part of
the frequency spectrum of visible light. Typically the light sensor is sensitive to in the

wavelength range between 400 nm and 1200 nm.

According to an embodiment of the invention, the light sensor measures the light inten-

sity from parts of Ix to thousands of Ix or sub-ranges therein.

According to an embodiment of the invention, the light sensor has a chromatic sensor

and a lumen sensor or the light sensor is an integrated chromatic and lumen sensor.

The connector between the light sensor and the computational unit is capable of trans-
mitting operational data or information from the light sensor to the computational unit.
In one embodiment the connector is a cable. In one embodiment the connector is a

wireless connection.

According to an embodiment of the invention, the light sensor is integrated within the
computational unit or attached directly to the computational unit. In an embodiment an
optical wave guide guides light to the light sensor with or without a lens arrangement

with varying view of angle.

According to an embodiment of the invention, the light sensor or the optical wave
guide is attached to a holder, which holder can be a pair of glasses or other types of

headgear.



10

15

20

25

30

WO 2012/146256 PCT/DK2012/050141

According to the invention, the computational unit is a micro-processor and associated
means for connecting to the light sensor.
According to the invention, the computational unit is a multipurpose microcomputer

such as a laptop, a handheld computer, a PDA, a PC or alike

According to the invention, the computational unit is a phone, such as a so-called smart

phone.

According to an embodiment of the invention, the computational unit as a display or

means for attaching to or communication with a display

According to an embodiment of the invention, the computational unit has an I/O-device

or means for attaching to or communication with an I/O-device.

According to an embodiment of the invention, the computational unit has a touch-

screen for display and for retrieving input.

According to an embodiment of the invention the computational unit as computational
means such as a CPU, a memory and input/output means for retrieving and sending
raw data or information.

It is understood, that the computational means has at least means for comparing at
least one data from operational information with at least one data from the state infor-

mation.

The operational information relates to information retrieved by the lighting system,
whilst operating the lighting system in surroundings. The operational information can
be information about the background light including data about chromaticity and inten-

sity obtained from the light sensor.

The operational information can vary in time. The computational unit can have means

for retrieving, storing and processing operational information that vary in time.
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The state information refers to data or information about the state of the mammal,
where the state can be an actual state or a desired state. The state information can be
pre-stored and stationary data about the personal user.

In one embodiment, the state information is the information that the personal user is a

A-type person or a B-type person.

In one embodiment, the state information is the information that the personal user has

been travelling from one time zone to another time zone, i.e. might experience jet-lag.

In one embodiment the state information is dynamic and measured continuously.

In one embodiment the state information is the level of melatonin of the personal user.

In one embodiment the state information is the conductivity of part of the mammal’s

skin.

In one embodiment the state information is a personal user selected input based on

predefined selectable options relating to the well-being of the personal user.

In one embodiment there is a slide bar with “very tired” at one end and “very fresh” at
the other end. There can be another slide bar with “wake me up” at one end and “put
me to sleep” at the other end. Thereby state information is provided to the lighting sys-

tem.

According to an embodiment, the output signal is an electrical signal generated to drive
an indicator with a label that shows “too little light” or “too much light” and instruction

to the user to move.

According to an embodiment, the output signal is a signal formed as a text pre-selected
from a series of predefined text strings with instructions and displayed on a display or a
computer screen. The instructions can be variations in scope and wording from “too

much red light — seek bluer light”, “too bright red light — turn down red light”, etc.
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According to an embodiment, the output signal is a stimulus suitable for rewarding or
punishing the mammal. As such the output signal can activate a feeding device, said

feeding device being able to deliver food, drugs, medicine, stimuli, and alike.

According to an embodiment of the invention, the lighting system is special in that the
said lighting system further comprises at least one connector for communicating with

and controlling at least one light source.

Thereby the lighting system via at least the one connector enables the control of at least

one light source’s intensity or chromaticity according to the output signal.

In one embodiment, the connector is a wire capable of transmitting a control signal.

In one embodiment, the connector is a wireless connection capable of communicating

with light sources with at least one communications standard.

In one embodiment the lighting system is configured for providing an output signal,
that will simulate a natural wake-up light, which wake-up light gradually increases in
intensity and with an increase in colour temperature from red towards blue.

In one embodiment the lighting system is configured for providing an output signal,
that will simulate a natural “go-to-sleep” light, which wake-up light gradually decrease

in intensity and with a decrease in colour temperature from blue towards red.

In one embodiment the lighting system is configured for providing an output signal,
that is “energy light” with a colour temperature that is blue, which is some 6,500 K and
with an intensity of 500-1,000 lumen. Altematively variations thereof cover shorter or

longer time.

According to an embodiment of the invention, the lighting system is special in that the
lighting system further comprises:
- at least one lights control unit with a connection to said output and with a

connection to
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- at least one light source capable of emitting light at a variable chromaticity

and/or luminosity.

The lighting system is a system that can control and optimise lighting surrounding the
individual user based on the needs and/or desires of the user’s specific needs and situa-

tion under a variety of circumstances such as during work and during leisure.

According to an embodiment, at least one lights control unit is integrated with at least

one light source.

According to an embodiment, the lights control is an integrated circuitry of a micro-

computer and the light source is a computer screen display.

According to an embodiment of the invention, the lighting system is special in that the

light source consists of at least two light emitters with different chromatic emissions.

Thereby the invention is enabled for the light source to emit light with a chromaticity

between at least the extreme of at least two light emitters.

According to an embodiment, a light source with three light emitters with tree chro-
matic emissions is used thereby enabling a light source to cover an area of colour tem-

peratures.

In one embodiment, one emitter is red LED, another emitter is a blue LED, and the

third emitter is a yellow LED.

In one embodiment a multiplicity of emitters are placed in a pattern forming a light

source and controlled by one lights control unit.

In one embodiment identical light emitters are used, but at least one emitter is covered

by a coloured layer or coating thereby resulting in a colour shift.
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According to an embodiment of the invention, the lighting system is special in that the
light source has a diffuser for diffusing, mixing or blending light from at least one light

emitter.

Thereby the invention is enabled for the mixing light from different emitters to form a

uniform and pleasant light source.

The diffuser can be sand blasted glass, plastic or alike. The diffuser can be a semi-

transparent glass or plastic.

According to an embodiment of the invention, the lighting system is special in that the
lighting system further comprises:
- at least one user interface with a connection to the computational unit for

making personal data available to the computational means.

Thereby the user will be able to enter information required for the computational unit

to process state information and operational information.

In one embodiment, the user interface is a keyboard with alpha numeric keys for enter-
ing instructions.

In one embodiment, the user interface is a touch-screen with either alpha numeric
touch-areas or specifically designed touch-areas with pre-defined input areas including

sex, age, A-person, B-person.

Further embodiments include scroll bars, knops, buttons that can be used to adjust col-
our temperature, intensity, timing, pre-stored light profiles and a like that are constant

in time or varying over time.

According to an embodiment of the invention, the lighting system is special in that the
lighting system further comprises:
- at least one computational interface for connecting to at least one second

computational unit for retrieving and storing information.
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Thereby the embodiment enables the lighting system to access and share information
with remote databases or data-streaming devices holding information such as medical

data about the user.

The computational interface can be a communications wire such as the USB or variants

thereof.

The computational interface can be a wireless connection such as Wi-Fi, Bluetooth, or

alike.

According to an embodiment of the invention, the lighting system is special in that
lighting system further comprises:
- at least one biometrical sensor unit with a connection to the computational

unit for providing biometric data to the computational means.

Thereby enabling state information to be acquired and used by the lighting unit.

According to one embodiment, the biometrical sensor is a conductivity sensor with
means for contact to the mammal’s skin and thereby allowing for information relating
to the overall stress level or anxiety level.

In one embodiment, the biometrical sensor is a sensor configured for measuring the

blood pressure.

In one embodiment, the biometrical sensor is a sensor configured for measuring the
pulse and thereby providing information about activity and over time variations or

changes in the overall well-being of the user.

In one embodiment, the biometrical sensor is a sensor configured for measuring at least
one level of a hormone or transmitter. The hormone or transmitter can be melatonin

thereby providing state information relating to the circadian state of the user.

The hormone or transmitter can be serotonin thereby providing state information relat-

ing the level of happiness of the user.
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The hormone or transmitter can be cortisol thereby providing state information relating

to the level of stress of the user.

According to an embodiment of the invention, the lighting system is special in that the
lighting system further comprises:
- at least one activity sensor unit for providing activity data to the computa-

tional means.

Thereby is provided for state information such as activities like sleeping, walking,

working, sitting, typing, resting and other types of user activities.

Thereby is provided for operational information such as activities like movements in
the environment and the light environment. The operational information can be the

actual location of the lighting system and/or the user.

In one embodiment, the activity sensor is an accelerometer configured for measuring
the acceleration of the user or the lighting system and thereby providing information
about the movement of the user or the lighting system. Thereby is provided for deter-
mining activities such as sleeping, resting, walking, running, working, or studying.

In one embodiment, the activity sensor is a General Position Sensor (GPS) configured
for providing the latitude and longitude and thereby providing a basis for determining

the solar position at a given time.

In one embodiment, the activity sensor is a General Position Sensor (GPS) configured
for providing the position thereby providing a basis for determining if the user is inside
or outside or requesting the actual or forecasted weather conditions on the actual posi-

tion.

According to an embodiment of the invention, the lighting system is special in that the
lighting system to the computational unit via a connection further comprises at least
one additional sensor or detector unit being a unit such as:

- a time detector or unit,

- a location detector or unit,
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- awork schedule detector or unit,

- a sleep pattern detector or unit,

- a daylight detector or unit,

- a mood detector or unit,

- a health detector or unit,

- a date detector or unit,

- an mammal energy detector or unit, or

- a connection detector or unit for receiving data or information from an

unlisted unit via a protocol.

In one embodiment, the time detector or unit is a clock, which can be a digital clock

embedded in the computational unit, an external clock or timer.

In one embodiment, the location detector or unit is a general position system (GPS) or

means such as the user interface for input of a location by the user.

In one embodiment, the work schedule detector or unit is a calendar, which can be
embedded in the computational unit or an external calendar or scheduler provided in a
database stored on a different computer or entered

In one embodiment, the sleep pattern detector or unit is a device configured for meas-
uring rapid eye movement (REM) signals and variations thereof, which device has

means and processes for interpreting the signals.

In one embodiment, the sleep pattern detector or unit is a handheld device with an ac-
celerometer to be placed in a contact to the user, which contact can be direct or via a
bed, to measure the movements of the user during sleep and further with means con-

figured to categorize the movements according to the depth of the sleep.

In one embodiment, the daylight detector or unit is a device configured to determine

whether it is day or night.

In one embodiment, the mood detector or unit is a unit that is configured for determin-

ing the mood, being happy, depressed, or alike either by measuring a level of a hor-
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mone and comparing the level with a stored level or by having a pre-defied mood-

indicator to be selected by the user through an interface.

In one embodiment, the health detector or unit is an storage unit with a medical record
about the user compiled by a series of medical tests performed by a physician or alike

and stored on the storage unit that has a connection to the lighting system.

In one embodiment, the date detector or unit is an electronic calendar.

In one embodiment, the mammal energy detector or unit that is a user interface config-
ured to retrieve input about the mammal's energy levels. This can be done by having a
list of pre-defined energy levels, or states, such as "feeling tired", "feeling sleepy”,
"feeling fresh", "feeling awake" and alike that can be selected by the user through an

interface such as a touch-screen.

In one embodiment, the connection detector or unit for receiving data or information
from an unlisted unit via a protocol thereby providing connection means or interface
means with an open standard of communication protocols or means that will broadcast
its communication protocols when connected to the lighting unit.

According to an embodiment of the invention, the lighting system is special in that the
units or detectors are connected to the computational unit or said units or detectors are

embedded in the computational unit.

The scope of the invention as disclosed includes variations of configurations of the
disclosed sensors, detectors or units so that each sensor, detector or unit can be sepa-

rate and connected by connection means or integrated as one or more units.

According to an embodiment of the invention, the lighting system is special in that the

light control units or light sources are embedded in the computational unit.

The scope of the invention as disclosed includes variations of configurations of the

disclosed control units, light sources, light emitters, or screens so that each control
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units, light sources, light emitters, or screens can be separate and connected by connec-

tion means or integrated as one or more units.

The object of the invention is met according to the invention by a number of process
features. In one aspect, by a method for initiating change of a mammal’s circadian state
or well-being state, the method comprising:
- measuring the intensity and the chromaticity of light surrounding the
mammal and providing the measuring as light data,
- collecting, storing, and processing measured light data and making opera-
tional information thereof, and
- generating an output signal for initiating change of the mammals surround-

ings.

Thereby a process is disclosed for altering or changing the circadian state or the well-
being state of the mammal, which change results in an increased performance or output

of the mammal.

In a particular process, the output signal is an audio-visual signal informing the mam-

mal, being a person, to change the surrounding lights by leaving the present location.

The output signal is based on operational information made by the process as a algo-
rithm such as a summation of weighted light intensities at a given spectral value or
range of spectral values as part of measured light data consisting of chromatic and in-

tensity values.

According to one embodiment of the method as disclosed a method, further compris-
ing:
- retrieving or storing data about a mammals circadian state or well-being
state and making state information thereof
- comparing the operational information and the state information

before generating an output based on the comparison.
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In a particular process, the state information is provided by the user by entering infor-
mation about the present state being tired, fresh, awake, sleepy, or similar qualitative
information through means for entering information, being an input process though an

input device.

According to one embodiment of the method as disclosed a method where state infor-
mation and/or operational information along with the output is stored and by continu-
ously processing or processing by request to memorize and find recurrent outputs that

reflect preferred outputs for given situations.

According to a further embodiment of the method as disclosed a method where the
actual state information and/or operational information is compared with the stored or
memorized state information and/or operational information and when these are similar
by means of a comparison the preferred stored or memorized output is automatically

suggested for approval by the personal user or automatically selected and activated.

Thereby the lighting system is intelligent.

In variations of the intelligent lighting system, the comparison or the processing of the
state information or the operational data is done by use of a neural network, fuzzy
logic, or so-called intelligent computational means for storing and optimizing or finding

individual user patterns within a set of information.

In a particular process, the state information is provided by the user by entering infor-
mation about a desired state such a desire to become tired, become fresh, wake-up, fall
asleep, or alike absolute or relative state through means for entering information, being

an input process through an input device.

According to one embodiment of the methods as disclosed a method, further compris-
ing:
- varying at least one light source’s luminosity or chromaticity, which least

one light source is present in the surroundings of the mammal
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generating an output signal for initiating a change of the mammals surrounding light

conditions.

In a particular process the variation in light is a reduction of the intensity and a shift in
the colour temperature from bluish to reddish of an arrangement of light emitting di-

odes is performed to meet a user's desire to go to sleep.

In a particular process the variation in light is an increase of the intensity and a shift in
the colour temperature from reddish to bluish of an arrangement of light emitting di-

odes is performed to meet a user's desire to wake up.

In a particular process the variation in light is a constant high intensity, say 1,000 lu-
men, bluish, say 6,500 K, light for a fixed period, say 10 minutes, based on the user's

desire to get a boost of energy to feel fresh and energised.

It is understood that a mammal with pupil will perceive light intensity according to the
size of the pupil. As such it is well known to the person skilled in the art to see guid-
ance in the literature for a particular mammal to determine the needed light intensity for

a particular mammal and/or surrounding of the mammal i.e. setting.

One example towards an extreme is a dark room with a mammal such as an owl with a
good night vision and with spectral sensitivity will require a light source with a very

low intensity, say a few lumen.

One example is a working area with incident natural light of some considerable inten-
sity where the mammal is a human with pupils almost as small as possible and in a
situation where the colour temperature needs to be changed towards blue. In this case
a light source of one or more light bulbs totalling some 1,000 W installed in a standard
European grid with a blue filter will provide a sufficient blue light to match and suffi-

ciently change the natural background light.

It is obvious simply add more light sources or remove or switch of light sources or

emitters to adjust the light intensity to the right level.
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It is natural for the person skilled in the art to experiment with the intensity of the light
source and the person skilled in the art will also find it natural to continuously adjust

the intensity of the light source.

Likewise the person skilled in the art will also find it natural to use lenses or reflectors

to focus or to concentrate light to the field of view of the mammal.

The term “chromaticity” is used to define the perceived colour of the light. In general
the chromaticity of the light is referred to and stated as the colour temperature (CT),
with a reference to the electromagnetic radiation emitted from a black body at a given
temperature in Kelvin, [K]. It is acknowledged that the original definition of colour
temperature is based on thermal radiation and that many other light sources based on

non thermal radiation exits.

Furthermore, a so-called corrected colour temperature (CCT) is often used as the per-

ceived, by a human, radiation form a black-body radiator.

This description acknowledges the presence of different standards and definitions, but
also assumes that the person skilled in the art has knowledge of conversions between
and amongst different standards. If not the person will readily be enabled by seeking
literature explaining ex. conversion amongst, sat RGB-, LAB-, Hue-, CIE-etc. colour

spaces.

An object of the invention is achieved by a lamp emitting light, comprising:

- a housing configured to hold a

- a reflector configured to reflect and/or direct light from

- a light source through

- a diffuser
where the lamp further comprises a light control unit with at least one connector for
communicating with and receiving regulating information from a lighting system and
configured to vary the light source so the light emitted from the lamp has
- a colour temperature range between 2700 — 7000 K;

- an intensity range between 10 to 1000 lumens; and



10

15

20

25

30

WO 2012/146256 PCT/DK2012/050141

21

- a Ra-index greater than 92 at all values of colour temperature and intensity.

The input from a lighting system is at least a signal requesting a certain colour tempera-

ture and an intensity.

Thereby the lamp is capable of producing a light that contributes to regulate the cir-
cadian state of a subject. The regulation is done in a simple and effective way by having
a single source that can simulate the natural light’s variation over a 24-hour cycle and
essentially as it varies over a one year cycle. Furthermore, the quality is continuous

variable to a high degree. Furthermore the lamp is energy efficient.

The reflector is a geometrical shaped object configured to reflect and direct light

through the diffuser. The reflector has a reflective coating that reflects the light

In an embodiment the reflector has a reflectance above 90 % in the 400 nm — 750 nm
wavelength range. One coating to provide such reflectance is a barium sulphate based

coating.

Other coatings include diffusive coatings such as GORE ® Diffuse Reflector or equiva-
lent reflectors. Besides a high and uniform reflectance these diffusive coatings also mix

light from different emitters.

The diffuser is generally a matted glass, plastic or equivalent semitransparent material
configured to mix light rays different emitters to form a uniform although with some

direction light source.

Although the preferred embodiments include a reflector and a diffuser, one embodi-
ment of the lamp is without the diffuser. According to a particular embodiment the

lamp is without the reflector.

According to an embodiment of the invention the lamp is special in that the light source

comprises a plurality of light emitters, preferably light emitting diodes or LEDs.
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Thereby the lamp is capable of producing a light that can vary and that is robust against

failure of one or a few light emitters.

According to an embodiment of the invention, the light control unit is configured to
detect the fall-out of at least one light emitter. Furthermore, the light control unit is
configured to compensate for such detected fall-out of at least one light emitter, by

tuning or regulating the remaining emitters.

In particular using LED makes the lamp energy efficient.

According to an embodiment of the invention the lamp is special in that light emitters in
the light source are configured on the basis colour mixing of chromaticity binning using
a plurality of bins, individually or pre-selected plurality of bins formed to generate a

warm white, neutral white, or cool white or combinations thereof.

Thereby the lamp in an efficient way utilises a selected few light emitters in that each

light emitter contributes to a partition of the desired colour-space.

The person skilled in the art is guided to a standard such as ANSI C78.377-2008, but
the scope of this invention is not limited to this particular standard as the person skilled

in the art will find an equivalent starting point in any other standard.

A partition, a part or a bin of a colour space has a coordinate and a certain extend in
the colour space. One such colour space is the CIE 1931 in which each position is de-

termined by an x- and y-coordinate.

According to an embodiment of the invention the lamp is special in that the light source
comprises at least one red, at least one blue, at least one green, at least one Royal blue,
at least one cyan, at least Phosphor Converted Amber light emitters in combination

with at least a white light emitter.
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Thereby providing a colour adjustable light source with tones of white. It is understood
that the person skilled in the art will understand from the names of the colours, which

wavelengths to start with.

According to an embodiment of the invention the lamp is special in that the light source
comprises at least one red, at least one green, and at least blue light emitters, or com-
prises at least one white/yellow and phosphor converted light emitters in combination
with at least one blue, and at least a first and a second red light emitter combination

with at least a white light emitter.

Thereby providing an alternative colour adjustable light source with tones of white.

According to an embodiment of the invention the lamp is special in that the light source
comprises at least one emitter having a DWL between 620-630 nm (red), at least one
emitter having a DWL between 465-485 nm (blue), at least one emitter having a DWL
between 520-535 nm (green), at least one emitter having a DWL between 450-465 nm
(Royal blue), at least one emitter having a DWL between 490-520 nm (cyan), at least
one emitter having a DWL between 588-592 nm (amber) in combination with at least
one emitting light source having a CCT between 2700 K - 7000 K or at least one emit-
ting warm white light emitting diode having a CCT between 2600 K — 3700K, at least
one emitting neutral white light emitting diode having a CCT between 3700 K- 5000
K, and at least one emitting cold white light emitting diode having a CCT between
5000 K — 10000 K.

Thereby providing a preferred and specific starting point for an intensity and colour
temperature variable light source. It is understood the above mentioned wavelengths
ranges are approximate and that the person skilled in the art will try to reduce the num-

ber of light sources used should it become possible.

The wavelength ranges are approximates and defines ranges for the mentioned colours.

According to an embodiment of the invention the lamp is special in that the light source

comprises at least one emitter having a DWL between 620-630 nm (red), at least one
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emitter having a DWL between 465-485nm (blue), at least one emitter having a DWL
between 520-535 nm (green) in combination with at least one emitting light source
having a CCT between 2700 K - 7000 K or at least one emitting warm white light
emitting diode having a CCT between 2600 K — 3700K, at least one emitting neutral
white light emitting diode having a CCT between 3700 K- 5000 K, and at least one
emitting cold white light emitting diode having a CCT between 5000 K — 10000 K.

According to an embodiment of the invention the lamp is special in that

the light control unit (9) is configured to vary each light emitter by means of a
- a lookup table,

- programmed functions, or

- an interpolation of said lookup table or programmed functions, or both.

Thereby the lamp has a light control unit that by means of any of the mentioned princi-
ples is capable of controlling or regulating each light emitter according to the bins or

partitions of the colour space and the location of used light emitters.

As such the person skilled in the art will configure a light control unit, which can be a
small processor with a memory and an intelligent unit, to reflect the colour space, the
bins and the location of the light emitters in this colour space, and by receiving an input
from a lighting system to make the lamp light with a particular intensity and colour
temperature lookup pre-stored settings of each light emitter in the light source and

provide a control to each light emitters accordingly.

In a similar manner, the light control unit can be configured with a mathematical
formular with the same input and resulting in an output that will provide the required

setting of each light emitter.

In an embodiment interpolation is done between the tabulated values to obtain a
smoother transition between desired points in colour space and intensity.

According to an embodiment of the invention the lamp is special in that the lamp fur-
ther includes at least a second connector for communicating with receiving regulating

information via a standard wireless network with a standard protocol such as CAN, a
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private wireless lamp network for communicating with at least one other lamp, or a
wired network with a standard protocol such as CAN.
Thereby the lamp is configured to communicate with a lighting system or another lamp

via a network.

According to an embodiment of the invention the lamp is special in that said lighting
system comprises:

- at least one computational unit with a memory, a processor, at least one
input and at least one output,

- at least one light sensor with spectral and luminosity sensitivity and means
for providing information through a connection to said least one input of
the computational unit,

- which computational unit has computational means that are arranged for
collecting, storing, and processing data from at least the light sensor mak-
ing operational information and comparing said operational information
with state information about the mammal’s circadian state or well-being
state and which computational means compares the operational informa-
tion and the state information for activating means for generating at least

one output signal.

An object of the invention is achieved by a kit of at least one lamp as disclosed and at
least one lighting system as disclosed, where said lighting system further comprises at
least one user interface with a connection to of the computational unit for making per-

sonal data available to the computational means.

Thereby the user can select a pre-stored light sequence that varies in intensity and col-

our.

According another embodiment of the invention the kit is special in that said lighting
system further comprises at least one computational interface for connecting to at least

one second computational unit for retrieving and storing information.



10

15

20

25

30

WO 2012/146256 PCT/DK2012/050141

26

Thereby information about histories of usage can be stored and possibly be processed

to make preferential light sequences that can be re-called and re-run.

An object of the invention is achieved by a network of lamps comprising a plurality of
lamps as disclosed and at least one lighting system as disclosed where said lamps and
least one lighting system are configured in zones, each zone being controlled or regu-

lated by at least one lamp and at least one lighting system.

Thereby an area with different working functions or more users with different require-

ments for light can easily be configured and obtained.

It is understood that the lamp as described can be implemented in a variety of forms
ranging from small units, say from pixel on a screen that are close to be a small and

simple light source to larger unit used in say stadiums, halls or outdoor.

A person skilled in the art will understand or otherwise hereby be guided to understand
a lamp broadly and will sometimes find that he is closer to a couple of light emitters

than a table lamp and at other times he is closer to an array of powerful spots.

As such the disclosed examples of a network is only illustrative and a person skilled in
the art will be enabled to scale and transform the disclosure to other settings including

office environments, halls, outdoor areas and arenas.

Description of the Drawing

The invention will be described in relation to the drawings and diagrams, whereon:

Figure 1 shows an embodiment of the invention where a lighting system with a compu-

tational unit with one input and one output,

figure 2 shows an embodiment of the invention where a lighting system further has a

light source,
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figure 3 shows an embodiment of the invention where a lighting system has a user in-

terface for obtaining personal data,

figure 4 shows an embodiment of the invention where a lighting system has a biometric

sensor for receiving biometric data,

figure 5 shows an embodiment of the invention where a lighting system has an activity

sensor for receiving activity data about the behaviour of the personal user,

figure 6 shows an embodiment of the invention where a lighting system has a multiplic-
ity of sensors or detectors for obtaining data and profiles for a combination of inputs to

be processed for generating an output that will alter the background lights,

figure 7 shows an embodiment of a system diagram for data and information retrieval

and output for an embodiment of the lighting system,

figure 8 shows a flow diagram of one embodiment of a algorithm that will coordinate
the retrieval of data from the sensors, detectors and generate updated outputs to be

used for control,

figure 9 shows an embodiment of the invention where the lighting system includes at

least a hand held device with a user interface and a light source and a light sensor,

figure 10 shows an example of the corrected colour temperature (CCT) during a day,

figure 11 shows an example of the outputs of a lighting system during personal users

day including a working day,

figure 12 shows an example of the outputs of a lighting system configured and loaded
with biometric profiles about an A-person,
figure 13 shows an example of the outputs of a lighting system configured and loaded

with biometric profiles about a B-person,
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figure 14 shows an embodiment of the lamp with a light source, a reflector and a con-

trol unit;

figure 15 shows views an embodiment of the invention with the housing and a cooler,

figure 16 shows a view of a reflector with a coating;

figure 17 shows a schematic view of drivers from the control unit to individual light

emitters;

figure 18 shows an embodiment of multiple lamps arranged to light a room in different

zones and communicating with multiple lighting systems; and

figure 19 shows time series of light intensity measured by the light sensor, light emitted

from the lamp, and the colour temperature of the light from the lamp.

Detailed Description of the Invention

Figure 1 shows an embodiment of the invention where a lighting system 1 with a com-
putational unit 2 with one input 3 and one output 4 is shown. The input 3 is connected
to light sensor 5 through a connection 6, which in this embodiment is a wire. The light
sensor 5 has means for measuring the intensity of the light and means for characterising

the chromaticity of the light.

The computational unit 2 has computational means 7 including at least a memory, a
central processor and means for storing instructions for collecting, storing and process-
ing data from the light sensor 5 and making information and for comparing the light
information and comparing said light information with state information about a mam-
mal’s light and/or circadian state and which computational means 7 compares the light
information and the state information for activating means for generating at least one

output signal 4.

The different information types will be described in the following.
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The lighting system 1 and the light sensor 5 works in surroundings with background

light 8.

In an extended version of the embodiment, the lighting system 1 has a connector 9
communicating with at least a light source to control luminance and/or colour tempera-

ture.

Figure 2 shows an embodiment of the invention where a lighting system 1 with a com-

putational unit 2 and a light sensor 5 as seen in figure 1 is show.

This embodiment furthermore has the output 4 from the computational unit 2 commu-
nicating via a connection 9 to a light control unit 10 that has a connection 11 to a light
source 12 that is capable of emitting light for irradiation 13 of a mammal mixed with
the background light 8 to be collected or measured by the light sensor 5 connected to

the input 3 of the computational unit 2.

Figure 3 shows an embodiment of the invention where a lighting system 1 with a com-
putational unit 2, a light sensor S, a light control unit 10 and a light source 12 as shown

in figure 1 or 2 is shown.

This embodiment furthermore has a user interface 20 embedded in the computational
unit 2, which user interface 20 is configured for receiving personal data 21. The com-
putational unit 2 has a memory, processing and editing means for preparing the per-

sonal data 21 for adaptation and use by the computational means 7.

Thereby personal data 21 such as information about a persons type, being A-person, B-
person, sex, age etc., can be processed and compared by the input 3 from the light sen-
sor 5 by the computational means 3 for generating a output 4 that via the light control
unit 10 makes the light source 12 emit light with a luminance and chromaticity that
mixed with the background light 8 to alter the light conditions surrounding the person

thereby altering the circadian state of the person accordingly.
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Figure 4 shows an embodiment of the invention where a lighting system 1 with a com-
putational unit 2, a light sensor 5, a light control unit 10 and a light source 12 as shown

in figure 1, 2 or 3 is shown.

This embodiment furthermore has a biometric sensor 31 connected the computational
unit 2 for providing biometric data 30 that can be stored, processed and compared with

input 3 from the light sensor 5 by the computational means 7.

Thereby biometric data 30 can be used to generate an output 4 that via the light control
unit 10 makes the light source 12 emit light with a luminance and chromaticity that
mixed with the background light 8 alters the light conditions surrounding the person

thereby altering the circadian state of the person accordingly.

The biometric sensor 31 can have means for measuring the level of melatonin in a per-

son or other physical data from which the person’s circadian state can be derived.

In a example of the shown embodiment, the computational unit 2 and the computa-
tional means 7 are loaded with instructions to accumulate (sum) the light intensity
weighted level of blue light (at around 430 nm) over a period of time no longer than a
day and produce a “go” output if the accumulated resulting value is below a certain
predefined threshold value and to produce a “stay” output if the accumulated resulting

value is above the threshold value.

Figure 5 shows an embodiment of the invention where a lighting system 1 with a com-
putational unit 2, a light sensor 5, a light control unit 10 and a light source 12 as shown

in figure 1, 2, 3 or 4 is shown.

This embodiment furthermore has an activity sensor 41 connected to the computational
unit 2 for providing activity data 40 that can be stored, processed and compared with

input 3 from the light sensor 5 by the computational means 7.

Thereby activity data 40 can be used to generate an output 4 that via the light control

unit 10 makes the light source 12 emit light with a luminance and a chromaticity that
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mixed with the background light 8 alters the light conditions surrounding the person

thereby altering the circadian state of the person accordingly.

The activity sensor 41 can have means for detecting movements, such as one or more
accelerometers, of a person and the activity sensor 41, may have pre-processing capa-
bilities to determine if person is running, walking, sitting, working, typing, lying or

sleeping just to mention a few, but not limited to these, activities.

In one embodiment, the activity sensor 41 is an accelerometer configured to work with

processing system for determining a sleep-wake-cycle.

Figure 6 shows an embodiment of the invention where a lighting system 1 with a com-
putational unit 2, a light sensor 5, a light control unit 10 and a light source 12 as shown

infigure 1, 2, 3, 4 or 5 is shown.

This embodiment furthermore has a multiplicity of detectors or sensor units connected
to the computational unit 2 for providing data that can be stored, processed and com-

pared with input 3 from the light sensor 5 by the computational means 7.

The detectors or sensor units connected to the computational unit include a time detec-

tor 51, which in this embodiment is a clock.

Further included is a location detector 52, which in this embodiment is a General Posi-

tion System (GPS).

Further included is a work schedule detector 53, which in this embodiment is an elec-

tronic calendar.

Further included is a sleep pattern detector 54, which in this embodiment is an elec-
trode for attachment to the mammal for detecting biometrical rhythms such as cardiac

rthythms.
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Further included is a daylight detector 55, which in this embodiment is a signal ob-

tained from an local weather station or a national weather forecasting system.

Further included is a mood detector 56, which in this embodiment is a pad with an sen-

sory element for measuring the conductivity of a surface area of the mammal.

Further included is a health detector 57, which in this embodiment is a connection and
a protocol for receiving data from the mammals medical or physical record stored in a

database.

Further included is a date detector 58, which in this embodiment is a connection and a
protocol for receiving data from a calendar with information about the date and the

solar position.

Further included is an energy detector 59, which in this embodiment is an interactive
display with subjective levels of feelings of or perceived energy levels of the mammal to

be entered.

Thereby data from the detectors can be used to generate an output 4 that via the light
control unit 10 makes the light source 12 emit light with a luminance and a chroma-
ticity that mixed with the background light 8 alters the light conditions surrounding the

person thereby altering the circadian state of the person accordingly.

Figure 7 shows an embodiment of a system diagram for data and information retrieval

and output for an embodiment of the lighting system 1.

The lighting system 1 works or operates the vicinity of a mammal 70 represented here
as a personal user (PU) 70 in a surrounding 71 that is illuminated by background light 8
and irradiation 13 from the lighting system 1. As such the surrounding 71 is the vicinity

of the personal user 70 and generally in the field of view of the personal user.

In this embodiment the lighting system has a user interface 20 that has a connection to

a data interface (DI) 72 in the computational unit 2 that communicates with the compu-



10

15

20

25

30

WO 2012/146256 PCT/DK2012/050141

33

tational means (CM) 7, which again communicates with an operational parameter inter-

face (OPI) 73.

The CM 7 is configured for communicating, storing and receiving data in at least one
state user profile SUP 76 memory or structured memory forming a database. The CM
7 is further configured for communicating, storing and receiving data and information

in at least one collected operational database (COD) 77.

The OPI 73 is configured for receiving data from surrounding environment sensors
SES 74, which in this embodiment is the light sensor 5, but in general a multiplicity of

sensors or detectors such as those shown and described previously and in figure 6.

The OPI 73 is further connected to a light radiating device (LRD) 75, which is an inte-

grated unit consisting of a light source 12 and a light control unit 10.

The LRD 75 is capable of lighting the surrounding 71 based on input from the PU 70.

In one obvious variant embodiment of the lighting system 1, the computational unit 2’

has embedded the SES 74 and the LRD 75 as indicated in the figure.

Likewise the UI 20 could in another obvious variant of the embodiment be integrated

in one system thereby having the lighting system 1 as one single unit.

Figure 8 shows a flow diagram of one embodiment of organised memory or sections of
the computational means 7 for performing the steps and interactions of retrieving data
and information from the sensors and detectors and generating appropriate outputs to

be stored for usage by the output units.

Performing an initialisation (I1) 80 of the system followed by performing a step that

collects user profile data (S1) 81 such as age, sex, chronotype, etc.

The S1 81 is followed by performing a step that collects personal user preferences (S2)

82 such as PC-light, reading light, sealing light, etc.
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The S2 82 is followed by performing a step that collects environment parameters (S3)
83 such as light conditions such as background light 8, irradiated light 12 and combina-
tions there of, time of the day as well as data stored in databases or memories such as a
storage S4 88 either in or outside the computational unit 2 or the computational means

7.

The steps of collecting data or information S1, S2, S3 81, 82, 83 are followed by a
processing step, the computation C1 84, that compute parameters based on data col-

lected in S1, S2, S3, S4 81, 82, 83, 84.

The computation C1 84 is followed by a decision D1 step, that decide if the parameters
calculated in C1 require personal user 70 acknowledgement. If personal user acknowl-
edgement is required, then a manual M1 prompt for personal accept is awaited and

followed by a decision D2 87 weather the personal user did accept.

If no personal user acknowledgment is required, then the process goes to a step of

storage S4 88, were the parameters are stored.

If the personal user accepted in D2 87, then the storage S4 88 is adjusted accordingly.

If the personal user accept in D2 87 is not accepted, then the process is taken to a step

of performing and output M2 89 of operational parameters.

The process is then taken to a stage between S1 81 and S2 82 for an iterative loop

process iterated from S2 82.

Figure 9 shows an embodiment of a lighting system 1 where the lighting system 1 in-
cludes at least a hand held device 90 with a user interface 20 and a light source 12 and
a light sensor 5. In one embodiment the user-interface 20 and the light source 12 is the

same device and a touch-screen.
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The hand held device 90 has a computational unit 2 with computational means 7 em-
bedded along with a wireless communication system for making wireless connections

9’. 9’ for units with external light sources 12°, 127"

In this embodiment the hand held device 90 controls a light source 12’ being a lamp,
with Light Emitting Diodes (LED) as emitters placed for lighting a room. In this em-
bodiment the hand held device 90 controls a light source 12’ being a screen on a per-

sonal computer.

The hand held device 90 further has a wireless internet connection 91 for communica-

tion with databases DB.

In this embodiment a database DB 53 with data about the personal users work sched-

ule for input to the computational unit 7 for processing.

In this embodiment further a database DB 57 with data about the personal users health

record with information.

Figure 10 shows a typical daylight curve 100 with the corrected colour temperature
(CCT) plotted against time. The daylight curve 100 illustrates variation during a 24-
hour period with notable colour temperatures at dawn 101, during clear sky day after-
noon 102, on a cloudy day at noon 103 and at dusk 104. Also shown is a typical work-

ing day 105 starting at 8:00 finishing at 16:00.

On a different day the daylight curve 100 naturally will emerge different caused by the

location of the sun, the weather and the location.

The show daylight curve will be used in the following example as basis or a reference
light curve to which the described lighting system will be used to initiate a change of

person’s circadian state.

Figure 11 shows the daylight curve 100 from figure 10 with a series of outputs from

the light source during the day and as a result of the lighting system 1. The output is
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series of lights 110 with varying luminosity and chromaticity according to the earlier

description such that

06:00-7:30: At dawn the lighting system gradually increases the colour temperature,
from warm to cold, of the light source during a period with wake-up light 111 to help
the person to wake up. The wake-up light 111 comes from a light source being a lamp
in the bedroom and is controlled by a wireless connection between the computational

unit and

7:30-8:30: Just before work, a burst of energy-light 112, primarily blue or cold light at
a CCT at about 6,500 K, is emitted to boost the persons energy levels to become alert,

effective and productive entering work.

8:30-12:00: During part of a working day 105 a variable study or working light 113 is
emitted with a CCT varying between approximately 2,400 K and 4,500 K based on the
measuring the CCT from the background light with the light sensor and calculating a
compensating output via a light source to generate the study or working light 113
needed to compensate the background light for a desirable light or a fixed length pre-

selected by the user.

12:00-13:00: During a lunch break 116, the lighting system is off.

13:00-15:00: During part of a working day 105 a variable study or working light 113 is

emitted using the same principle as between 8:30 — 12.00.
15:00-15:30: At the end of the working day 105, a burst of energy-light 112, is emitted
to energize the personal user before getting in the car for a drive, thereby minimising

the risk of a fatigue that can or will result in an accident.

15:30-18:30: During afternoon and early evening the lighting system is simply off.



10

15

20

25

30

WO 2012/146256 PCT/DK2012/050141

37

18:30-22:00: At the end of the day indoor activities are performed and the lighting
system provides a light, which CCT gradually decent from about 4.000 K to 1.500 K to

prepare the personal user to enter sleep.

Otherwise, that is during night, the lighting system is in this example idling.
Figure 12 illustrates an example where the personal user is a chronotype A-person,

lark, early riser or morning person.

The personal user’s melatonin curve has been established and made available to the
lighting system. The melatonin profile 115 is shown in the diagram and is shown to
peak somewhere between 2:00 and 4:00 decreasing to a minimum around the time of

awakening at 7:00.

06:30-07:45: The personal user is wakened by a stimulated spring sunrise profile that is
made available by compensating the actual January sunrise. This is done by measuring
the background light with the light sensor and comparing this to a stored profile of a
spring sunrise and calculating needed values for output in terms of light intensity and
CCT. These correction values are used to control a lamp in the sleeping room to
gradually increase the light intensity and CCT as shown by the wake-up light 111 in the

figure and to peak at a preset wake-up time just before 8:00.

07:45-08:45: The personal user gets, by way of choice or by preloaded instruction, a
boost of energy light 112 to fully wake-up and to stop the melatonin production.

08:45-12:00: The personal user is working with a laptop with a screen that is used as a
light source and which CCT is controlled by calculated outputs from the computational
unit and based on background light, as from the daylight curve 100, characteristics

measured by the light sensor.

12:00-13:30: The lighting system is off during and just after the lunch 106.

13:30-15:45: The personal user is after lunch working in an office with a stationary

computer with a screen that is used as a light source and which CCT is controlled by
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calculated outputs from the computational unit based on the background light, see the

daylight curve 100, as measured by the light sensor.

The resulting study or work light 113 is seen to increase from a CCT of about 2,500 K
to 4,500 K to maintain the personal users energy level for a steady and productive

work.

15:45-16:15: The personal user will be attending a meeting and voluntarily takes a

boost of energy light 112 with a CCT of about 6000 K to be energised for the meeting.

16:15-18:45: The lighting system is off during the meeting and subsequent outdoor

activities during the afternoon.

18:45-22:00: The personal user is at home and the light source is the installed lamps.
The light sensor measures the background light and the computational means calculates
an output that results in a reading light 114 with a CCT of about 4000K that will initi-
ate the production of melatonin and decrease gradually to about 1500 K just before
preparing bedtime at 22:00 thereby helping the personal user to get the “natural” A-
person rhythm and a rhythm that is in sync with a given working day and thereby ex-

tending the performance of the personal user and optimising the personal users output.

Figure 13 illustrates an example on the same day and with the same work schedule and
daily programme as well as physical settings with rooms and computers as in the ex-
ample with the A-person illustrated in figure 12. However in this example the personal

user is a B-person or a night owl or evening person.

Again the personal user’s melatonin profile 115 is provided in the lighting system. It is
seen that the personal user’s melatonin profile peaks at around 5:00, which is later than

for the A-person type in the example in figure 12.

06:00-07:45: A more steady and constant wake-up light 111 with a CCT of about
2,500 K is provided to adjust the melatonin level, but at the same time allow the per-

sonal user to get the required sleep. The personal user is woken at 7:45, were the light
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source is the lamp in the room is controlled via the computational unit to light with
bluish or cold energy light 112 with a CCT of around 6,500 K to abruptly stop the me-
latonin production and to significantly lower the melatonin level.

07:45-10:00: Likewise, when the personal user is at work the laptop with the screen
being the light source gives a steady and relatively cold and bluish energy light 112
with a CCT of around 5000 K for a period to bring the melatonin level to its minimum

and to energise the personal user.

10:00-12:00: This is followed by a period of controlled light emission form the laptop
screen, where the study or working light 113 varies according to the background light

determined by the daylight curve 100.

12:00-13:30: The lighting system is off during and just after the lunch 106.

13:30-15:00: During this period the personal user is working on computer which
screen emits a study or working light 112 with a CCT of about 3,000 K to adjust the

background light.

15:30-16:30: The personal user will be attending a meeting and voluntarily takes a
boost of energy light 112 with a CCT of about 4,700 K, which is lower than for the A-

person not get “too” energised and thereby unnaturally extend the day.

16:30-18:45: The lighting system is off during outdoor activities during the afternoon.

18:45-20:30: The lighting system gives a null-output in the evening since the back-

ground light does not need to be adjusted.

20:30-24:00: The reading light 114 is on and adjusts the background light to prepare
the personal user for sleep and to adjust the CCT to initiate the production of mela-

tonin.
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Figure 14 shows a lamp 201 with a housing 202 holding a reflector 203, a light source
12 with a plurality of light emitters 205 here Light Emitting Diodes (LED) that are here
arranged in a group of LEDs 206, and a diffuser 207 all configured to emit light 8.

Furthermore, the housing 202 is configured to hold a light control unit 10 with a con-
nector 9’ for communicating with a light control unit 10 (only shown schematically in

this figure).

In this embodiment there is a spacer 212 for adjusting the distance of the diffuser 207
to the light source 12.

Figure 15 shows an embodiment of a lamp 201 in two different perspective views. The
housing 202 is shown with the diffuser 207 sealed by a cover 213 that ensures that
ensures that no “false” light escapes. In a particular embodiment the cover 213 also
supports the diffuser 207 and the position is controlled by the spacer 212 (not seen in

this figure). Furthermore a cooling element 214 is seen.

As such it is seen that the appearance of the lamp 201 is as any other conventional

lamps. In this embodiment with side mounts.

Figure 16 shows a perspective view of an embodiment of a reflector 203. The reflector
has a reflector side 230. In this embodiment the reflector side 230 is coated with a re-
flector coating 231. The reflector coating is in this embodiment a barium sulphate

based coating with a so called avian white characteristic.

The reflector 203 has mounting means 232 for mounting the reflector 203 to the hous-

ing 202.

Figure 17 shows light emitter drivers 240 for light emitters 205 or a plurality of cou-
pled light emitters 205.

The light emitter drivers 240 are controlled by a light control unit 10.
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In the particular embodiment shown there is:

- a light emitter driver 240a for driving at least one Warm White light emitting diode
205a; such as the LED from Cree Inc. with reference XP-E bin: XPEHEW-H1-8A2-
G3-G-01 having a CCT between 2600-3700 K.

- a light emitter driver 240b for driving at least one Neutral White light emitting diode
5b; such as the LED from Cree Inc. with reference XP-E bin: XPEHEW-L1-5C2-Q5-
G-01 having a CCT between 3700-5000 K.

- a light emitter driver 240c for driving at least one Cold White light emitting diode
205c¢; such as the LED from Cree Inc. with reference XP-E bin: XPEHEW-L1-2B0-
R4-F-01 having a CCT between 5000-10000 K.

- a light emitter driver 240d for driving at least one Cyan light emitting diode 205d,
such as the LED from Phillips Inc. with reference Rebel bin: LXML-PE01-0070 having
a CCT between DWL between 490-520 nm.

- a light emitter driver 240e for driving at least one Blue 460nm light emitting diode
205e; such as the LED from Cree Inc. with reference XP-E Bin: XPEBLU-L1-0000-
00Y02 having a DWL between 450-465 nm.

- a light emitter driver 240f for driving at least one Blue 470nm light emitting diode
205f; such as the LED from Cree Inc. with reference XP-E Bin: XPEROY-L1-0000-
00AO01 having a DWL between 465-485nm.

- a light emitter driver 240g for driving at least one Green light emitting diode 205g;
such as the LED from Cree Inc. with reference XP-E Bin: XPEGRN-L1-0000-00B02
having a DWL between 520-535 nm.

- a light emitter driver 240h for driving at least one Red light emitting diode 205h; such
as the LED from Cree Inc. with reference XP-E Bin: XPERED-L1-0000-00301 having
a DWL between 620-630 nm.
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- a light emitter driver 240i for driving at least one Amber light emitting diode 205i;
such as the LED from Phillips Inc. with reference Rebel bin: LXM2PL01-0090-CT1
having a DWL between 588-592 nm.

The light emitting diodes 205a,..., 205i are not shown, but are implied by the drivers.
Likewise the connections between the light control unit 10 and the drivers are not

shown.

A person skilled in the art will take this set-up as well as the indicated wavelength
ranges as a starting point and by simple experimentation be able by adjustment and
slight variations in wavelength be able to achieve the desired result without using the

exact same manufacturer or model.

Figure 18 shows a lamp network 300 of a plurality of lamps 201. Each lamp 201 has a
connection to a wireless network 301 that can be a standard wireless network with a
standard protocol and/or frequency or a private wireless network with a proprietary

protocol and/or frequency configured to communicate between a lighting system 1.

The figure exemplifies a lamp network 300 thee lamps 201°, 2017, 201°*” placed in a
ceiling, a table hung lamp 201a, and a desk lamp 201b, each lamp according to the in-
vention. The five lamps illuminate an area dividable into zones. In this case the area is

divided into three zones A, B, and C.

In this particular embodiment a lighting system 1 controls zone C by primarily regulat-

ing lamp 201>, to a less degree lamp 201’ and to an even lesser degree lamp 201°.

In this particular embodiment a lighting system 1b controls zone B by primarily regulat-
ing lamp 201b, to a less degree lamp 201a and to an even lesser degree lamps 201,

201°’, and 201°".

In this particular embodiment the zone A is left uncontrolled, but naturally dependent

on the control of zone B and C.
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This embodiment is only an example and a person skilled in the art will only find it

natural to explore other configurations according to the area at hand.

Finally, figure 19 shows a subset of data from an embodiment of the invention as col-
lected, processed and outputted for a female, who has pre-selected a cronotype suitable

for a an evening person.

The top curve shows a scaled (1-1024) measure of light intensity as measured by a
light sensor in an area or zone similar to zone B from figure 18 and in a room with
windows. A lamp according to an embodiment of the invention was placed similar to

201b in figure 18.

The time series covers a time period from a Friday moring to a Sunday morning and
the variation in the sunlight over the days is clearly observed. Spikes in the data over
the period come from turning on lights in the room and the lamp according to the in-

vention.

The middle curve shows the light intensity from the lamp as regulated by the lighting
system automatically during the Friday morning and manually (boosts) shown as
spikes. From Friday afternoon and through the weekend, the lamp was left on at a fixed

intensity as also showing as a constant floor in the top curve after sunset.

For a short period Friday morning, the system was turned off.

The bottom curve shows the colour temperature of the lamp as regulated by the light-

ing system.

It is observed that the system is configured to be able to regulate intensity as well as
colour temperature continuously. The two small declines in the colour temperature and
the corresponding decline in intensity is to maintain a substantially constant light inten-

sity and colour temperature in the working area around the lamp.
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A first peak in intentity and increase in colour temperature to about 7000 K is seen and

caused by a request by the user to get a boost by a quantum of “intense blue light”.

For the remaining period over the weekend, the lamp is switched on at a constant in-

tensity/colour temperature and working a safety light with low energy consumption.
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CLAIMS

1. A lighting system (1) for initiating change of a mammal’s (70) circadian state or
well-being state, comprising:
- at least one computational unit (2) with a memory, a processor, at least
one input (3) and at least one output (4)
- at least one light sensor (5) with spectral and luminosity sensitivity and
means for providing information through a connection (6) to said least one
input (3) of the computational unit (2),
which computational unit (2) has computational means (7) that are arranged for col-
lecting, storing, and processing data from at least the light sensor (5) making opera-
tional information (77) and comparing said operational information (77) with state in-
formation (76) about the mammal’s (70) circadian state or well-being state and which
computational means (7) compares the operational information (77) and the state in-
formation (76) for activating means for generating at least one output signal (4)at least
one connector (9) for communicating with and controlling at least one light source
(12,201) and which
- computational unit (2) is configured to calculate and least one output signal
(4) configured to output the setting of at least one light source (12) or lamp
(201) to
- a colour temperature range between 2700 — 7000 K;
- an intensity range between 10 to 1000 lumens; and
- a Ra-index greater than 92 at all values of colour temperature and

intensity.

2. A lighting system (1) according to claim 1, characterised in that, said lighting sys-
tem (1) further comprises:
- at least one user interface (20) with a connection to of the computational

unit (2) for making personal data (21) available to the computational means

(7).
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3. A lighting system (1) according to any of claims 1 to 2, characterised in that, said
lighting system (1) further comprises:
- at least one computational interface for connecting to at least one second

computational unit for retrieving and storing information.

4. A lighting system (1) according to any of claims 1 to 3, characterised in that, said
lighting system (1) further comprises:
- at least one biometrical sensor unit (31) with a connection to the computa-

tional unit (2) for providing biometric data (30) to the computational means

).

5. A lighting system (1) according to any of claims 1 to 4, characterised in that, said
lighting system (1) further comprises:
- at least one activity sensor unit (41) for providing activity data (40) to the

computational means (7).

6. A lighting system (1) according to any of claims 1 to 5, characterised in that, said
lighting system (1) to the computational unit (2) via a connection further comprises at
least one additional sensor or detector unit being a unit such as:

- a time detector or unit (51),

- a location detector or unit (52),

- a work schedule detector or unit (53),

- a sleep pattern detector or unit (54),

- a daylight detector or unit (55),

- a mood detector or unit (56),

- a health detector or unit (57),

- a date detector or unit (58),

- an mammal energy detector or unit (59), or

- a connection detector or unit for receiving data or information from an

unlisted unit via a protocol.
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7. A lighting system (1) according to any of the claims 1 to 6, characterised in that,
said units or detectors (5, 20, 31, 41, 51, 52, 53, 54, 55, 56, 57, 58, 59) are connected
to the computational unit (2) or said units or detectors (5, 20, 31, 41, 51, 52, 33, 54,
55, 56, 57, 58, 59) are embedded in the computational unit (2).
8. A lamp (12,201) emitting light (8), comprising:

- a housing (202) configured to hold a

- a reflector (203) configured to reflect and/or direct light from

- a least one light source (12) through

- a diffuser (207)
wherein said lamp (201) further comprises a light control unit (10) with at least one
connector (9°) for communicating with and receiving regulating information from a
lighting system (1) according to any of claims 1 to 7 and configured to vary at least one
light source (12) so the light (8) emitted from the lamp (201) has

- a colour temperature range between 2700 — 7000 K;

- an intensity range between 10 to 1000 lumens; and

- a Ra-index greater than 92 at all values of colour temperature and intensity.

9. A lamp (201) according to claim 8, characterised in that, the light source (12)
comprises a plurality of light emitters (205), preferably light emitting diodes or LEDs.

10. A lamp (1) according to any of claims 8 to 9, characterised in that, light emitters
(205) in the light source (12) are configured on the basis colour mixing of chromaticity
binning using a plurality of bins, individually or pre-selected plurality of bins formed to

generate a warm white, neutral white, or cool white or combinations thereof.

11. A lamp (12) according to any of claims 8 to 10, characterised in that, that the
light source (12):

-comprises at least one red, at least one blue, at least one green, at least one Royal
blue, at least one cyan, at least amber light emitters in combination with at least a white
light emitter; or

- comprises at least one red, at least one green, and at least blue light emitters, or com-

prises at least one white/yellow and phosphor converted light emitters in combination
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with at least one blue, and at least a first and a second red light emitter combination
with at least a white light emitter;

where said least one white light emitter comprises

- at least one emitting warm white light emitting diode having a CCT between 2600 K -
3700K, at least one emitting neutral white light emitting diode having a CCT between
3700 K - 5000 K, and at least one emitting cold white light emitting diode having a
CCT between 5000 K - 10000 K; or

- at least one white light emitter has a CCT between 2700 K or 7000 K.

12. A lamp (201) according to claim 11, characterised in that, the light control unit
(10) is configured to vary each light emitter (205) by means of a

- a lookup table,

- programmed functions, or

- an interpolation of said lookup table or programmed functions, or both.

13. A lamp (201) according to any of claims 8 to 12, characterised in that, the lamp
(201) further includes at least a second connector for communicating with receiving
regulating information via a standard wireless network (301) with a standard protocol
such as CAN, a private wireless lamp network (301) for communicating with at least

one other lamp (1°), or a wired network with a standard protocol such as CAN.

14. A kit of at least one lamp (201) according to any of claims 8-13 and at least one

lighting system (1) according to any of claims 1-7.

15. A network of lamps (300) comprising a plurality of lamps (201) according to any
of claims 1-6 and at least one lighting system (1) according to any of claim 1-X, char-
acterised in that, said lamps (201) and least one lighting system (1) are configured in
zones (A, B, ... ), each zone (A, B, ...) being controlled or regulated by at least one

lamp (201) and at least one lighting system (1).

16. A method for initiating change of a mammal’s (70) circadian state or well-being
state using at least one lamp (201) according to any of claims 8-13 and at least one

lighting system (1) according to any of claims 1-7, the method comprising:
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- measuring the intensity and the chromaticity of light surrounding (71, 8,
13) the mammal (70) and providing the measuring as light data (83)
- collecting, storing, and processing measured light data and making opera-
tional information (77) thereof
5 - generating an output signal (4) for initiating change of the mammals (70)

surroundings.

17. A method according to claim 16 further comprising:
- retrieving or storing data about a mammals (70) circadian state or wel-
10 being state and making state information (76) thereof
- comparing the operational information (77) and the state information (76)

before generating an output (4) based on the comparison.

18. A method according to claim 16 or 17 further comprising:
15 - varying at least one light source’s (12) luminosity or chromaticity, which
least one light source (12) is present in the surroundings (71) of the mammal
(70)
thereby generating an output signal (4) for initiating a change of the mammals

(70) surrounding (71) light conditions (13).
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