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LAMP FOR SUNSHINE SIMULATION
FIELD OF THE INVENTION

A method of illuminating a room is provided; and a lamp, a lamp system, and a lamp

controller operating according to the method are provided.
BACKGROUND OF THE INVENTION

It is well known that individuals living and working indoor may increase their well-being and

productivity if they are exposed to an increased amount of daylight illumination.

Low energy and low spirit are some of the common symptoms of lack of exposure to
daylight, and more severe symptoms also occur, such as depression, sleep disorders and

shift-work disorders, etc.

Energy level and spirit of humans are influenced by various hormones, for example
serotonin and melatonin. Lack of serotonin may lead to psychiatric disorders, such as polar,
bi-polar and post-partum depression, etc. The hormone melatonin influences the human
circadian rhythm. Like serotonin, melatonin is also related to different types of depressions.
Winter depression is one example of how the human organism can respond to an imbalance

of the two hormones.

Lamps that emit light with a spectrum similar to the spectrum, or part of the spectrum, of
visible light emitted by the sun are well known. In recent years, in particular blue light
sources, systems comprising such sources, and wearables monitoring and recommending on
blue light exposure have gained interest mainly due to the fact that blue light affects the
circadian rhythm. The eyes contain photoreceptors with high sensitivity to blue light, and
these photoreceptors regulate melatonin (“sleep hormone”) and serotonin (known as the

“happiness” hormone).

In the present context, by a blue light source is meant a source with a relatively large
amount of energy in the blue part of the spectrum (compared to the red part of the
spectrum). This is to be understood in a broad sense as both a light source emitting light
only within the blue spectrum, as well as a light source emitting light within the blue

spectrum as well as within other ranges of the visible spectrum.
SUMMARY OF THE INVENTION

There is a need for lamps and lamp systems capable of adjusting light emission in response
to changes to daylight conditions and/or behaviour of one or more persons benefitting from
the emitted light.

Accordingly, a lamp system is provided that comprises
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a lamp (or light fitting) with a lamp housing accommodating a plurality of light sources for

emission of visible light, including blue light,
a time keeping unit,
a light sensor for sensing intensity of light incident upon it, and

a light controller configured for controlling the plurality of light sources in response to the

intensity of light sensed by the light sensor and the time provided by the time keeping unit.
Blue light has a wavelength ranging from 430 nm to 540 nm.

Preferably, the emission from the lamp or light fitting includes blue light having a
wavelength in the wavelength range from 440 nm - 500 nm, preferably from 450 nm -
490, preferred from 450 nm - 480 nm, more preferred from 450 nm - 470 nm, more

preferred from 455 nm - 465 nm.

Preferably, the emission from the lamp or light fitting includes blue light with a luminous
flux ranging from 50 lux to 200 lux, preferred from 75 lux to 150 lux; more preferred
around 100 lux, at a distance of 3 metres from the lamp during a selected time period. It
has been shown that blue light with a luminous flux ranging from 50 lux to 200 lux,
preferred from 75 lux to 150 lux, more preferred around 100 lux, at the eyes of a human
has a significant effect on the circadian rhythm and also increases the productivity of the

human.

Preferably, blue light received at the eyes of the human has an irradiance that is larger than
5 mW/nm/m?, preferably in the wavelength range from 440 nm to 500 nm, preferred from
450 nm - 490, more preferred from 450 nm - 480 nm, more preferred from 450 nm - 470

nm, more preferred from 455 nm - 465 nm.

A method of increasing human work productivity is provided; comprising the step of
illuminating the eyes of the human with blue light with a luminous flux at the eyes ranging
from 50 lux to 200 lux, preferred from 75 lux to 150 lux, more preferred around 100 lux, for
a selected time period.

A method of increasing human work productivity is provided; comprising the step of
illuminating the eyes of the human with blue light for a selected time period, wherein the
blue light has an irradiance that is larger than 5 mW/nm/m?, preferably in the wavelength
range from 440 nm to 500 nm, preferred from 450 nm - 490, more preferred from 450 nm

- 480 nm, more preferred from 450 nm - 470 nm, more preferred from 455 nm - 465 nm.

A method of adjusting a circadian rhythm of a human is provided; comprising the step of

illuminating the eyes of the human with blue light with a luminous flux at the eyes ranging
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from 50 lux to 200 lux, preferred from 75 lux to 150 lux, more preferred around 100 lux, for

a selected time period.

A method of adjusting a circadian rhythm of a human is provided; comprising the step of
illuminating the eyes of the human with blue light for a selected time period, wherein the
blue light has an irradiance that is larger than 5 mW/nm/m?, preferably in the wavelength
range from 440 nm to 500 nm, preferred from 450 nm - 490, more preferred from 450 nm

- 480 nm, more preferred from 450 nm - 470 nm, more preferred from 455 nm - 465 nm.

For example, the method may comprise the step of selecting a start time of the time period
of illuminating the eyes of the human with blue light that is 24 hours subsequent to a
previous start time with a selected time interval, e.g. 30 minutes, added to or subtracted
from the 24 hours, thereby effectively changing the circadian rhythm of the human, e.qg.
having travelled long distance by airplane to a location with a large time difference, e.g. 6

hours.

The lamp or light fitting may also emit visible light outside the wavelength range of blue
light.

For example, the plurality of light sources may include blue light diodes and red and/or
green and/or white light diodes, and the light controller may be configured to control the
light diodes so that the lamp or light fitting emits light with a desired spectrum, e.g.

perceived to be white light by a human.

Preferably, during a selected time period, the lamp or light fitting emits light with a total
luminous flux at a distance of 3 metres from the lamp ranging from 100 lux to 1000 lux,
preferably from 200 lux to 800 lux, preferred from 300 lux to 700 lux, more preferred from
400 lux to 600 lux, and preferably including blue light with a luminous flux and/or irradiance

as explained above.

Preferably, during a selected time period, one or more light sources of the lamp or light
fitting may emit light with a colour temperature ranging from 2000 K to 8000 K, preferably
from 3000 K to 7000 K, more preferred from 4000 K to 6000 K.

Preferably, during a selected time period, the lamp or light fitting emits blue light with an
irradiance that is larger than 5 mW/nm/m?, preferably in the wavelength range from 440
nm to 500 nm, preferred from 450 nm - 490, more preferred from 450 nm - 480 nm, more

preferred from 450 nm - 470 nm, more preferred from 455 nm - 465 nm.

The lamp or light fitting may be configured for mounting proximate, or at, and/or attached

to, a frame of a window, for example attached to the frame of the window, the window
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being mounted in a wall of a room for daylight illumination of the room through the window

pane.

The proximity of the lamp or the light fitting to the window, preferably the distance is less
than 50 cm, preferred less than 25 cm, more preferred less than 10 cm, most preferred less
than 5 cm, causes the light emitted by the lamp or light fitting to be perceived as a part of
the natural daylight illuminating the room through the window pane. In particular for elderly
or individuals in mentally challenged circumstances, the perception of alienating or intruding

technology may have a negative or sub-optimum effect.

The plurality of light sources may be mounted in the lamp housing so that the frame of the
window is illuminated by the light sources and the room is illuminated by light from the
lamp that has been reflected, e.g. diffusely reflected, into the room by the frame of the
window. For example, each light source of the plurality of light sources may be mounted in
the lamp housing so that a centre part of the light emitted by the light source is directed
towards a part of the frame when the lamp is mounted in its intended position for use,
whereby light emitted by the lamp is reflected by the frame of the window for illumination of
the room in combination with sunlight entering the room through the window pane. The
illuminated parts of the frame may be coated with a reflective material for improved

illumination of the room.

Different light sources of the plurality of light sources may be mounted in the lamp housing
for emission of light along different centre directions of propagation for illumination of
different parts of the frame of the window also illuminated by sunlight at respective different

times during a day.

Different light sources of the plurality of light sources may be mounted in the lamp housing
for emission of light along different centre directions of propagation, wherein each of the
different centre directions of propagation is equal to a direction of propagation of sunlight
reflected by the frame at a respective time of day when the lamp is mounted in its intended

position for use.

For example, various groups of light sources of the lamp or light fitting may be arranged for
emission of light in different respective directions for illumination of different respective
parts of the frame of the window illuminated by the sun at various angles of incidence of
sunlight during the day, and the groups of light sources may be individually turned on and
off in a sequence that corresponds to the changing angle of incidence of sunlight as a

function of time.

The lamp or light fitting may comprise a diffuser so that the lamp of light fitting emits

diffused light for uniform illumination of the room.
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The lamp or light fitting may comprise one or more optical elements, such as lenses, lens
arrays, micro-lenses, micro-lens arrays, reflectors, diffractive optical elements, etc.,
positioned in respective propagation paths of light emitted by the plurality of light sources
for directing the emitted light into desired directions, e.g. thereby preventing or minimizing

the amount of light emitted out of the window and the room.

The lamp or light fitting may be configured to be attached to a part of the frame of the
window, e.g. of the frame that is attached to a wall and that supports the remaining parts of

the window including the window pane.

The lamp or light fitting may be configured to be attached to the wall supporting the
frame of the window in such a way that the lamp or light fitting is mounted to the wall

proximate the window.

The lamp or light fitting may comprise mounting brackets for attachment to the wall or the
frame of the window by well-known mechanical fasteners, such as screws, bolts, wall plugs,

such as rawlplugs, etc.
The lamp or light fitting may be glued to the wall or the frame of the window.

The lamp or light fitting may comprise a surface with an adhesive for mounting of the lamp
or light fitting in an easy and convenient way, e.g. to a wall proximate the window; or, to a
part of the frame of the window, such as a top part of the frame of the window, or to the

window ledge, etc.

The lamp or light fitting may have an elongate shape, e.g., with a length that corresponds
to the width of the window, or, with a length that is less than half the width of the window,
so that two lamps may be mounted end to end in one window. A set of two lamps will

advantageously fit into windows of different widths larger than twice the length of one lamp.

Each of the light sources, or some of the light sources, and/or one or more groups of light
sources, of the plurality of light sources may be individually controlled in such a way that
the combined light emitted by the lamp or light fitting has a desired spectrum of a desired

intensity, preferably, in combination with the sun light entering the window.

For example, around noon on a summer day with good weather conditions, the room may
be sufficiently illuminated by sun light so that the lamp or light fitting is automatically
turned off, whereas during a winter day with bad weather conditions, the room may receive
very little sun light and the lamp or light fitting is automatically controlled to emit light with
a spectrum similar to the visible spectrum of sun light and with a high intensity as a
function of time of day so that the resulting illumination of the room will correspond to the

illumination of a bright day.
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In the morning, the plurality of light sources may be controlled to emit light that is
perceived cold bluish and may have a colour temperature of around 6000 Kelvin and in the
evening, the plurality of light sources may be controlled to emit light that is perceived

reddish and may have a colour temperature of around 2000 Kelvin.

The lamp or light fitting may also comprise one or more ultraviolet light sources for
emission of ultraviolet light, preferably in the UVB range from 290 nm to 330 nm, such as
from 290 nm to 315 nm, such as from 290 nm - 300 nm. Human bodies exposed to

ultraviolet light increase their production of vitamin D.

The ultraviolet light emitted by the lamp or light fitting may supplement sun light entering
the room through the window pane so that the resulting light illuminating the room has a
ultraviolet spectrum similar to the spectrum of ultraviolet sunlight, e.g. by supplying the
part of the ultraviolet light that is prevented from entering the room through the window by

the optical filtering of the material of the window pane.

The ultraviolet light may be emitted intermittently for control of the amount of exposure to

ultraviolet light.

The ultraviolet light emitted by the lamp or light fitting may be adjusted to an optimum
wavelength in the wavelength range from 290 nm to 330 nm, preferably from 290 nm to
315 nm, preferred from 290 nm - 300 nm, for the production of vitamin D in a human
body.

Preferably, a human should receive about 500 Joule/m? - 750 Joule/m? per day, preferably
600 Joule/m? - 650 Joule/m? per day, for example by receiving 0.4 W/m? for 25 minutes
per day which is equal to 600 Joule/m? per day.

However, preferably, the amount of ultraviolet light received per day is adjusted in response

to skin colour as exemplified below:

Skin tone Duration
Pale white 15 min
Fair 25 min
Medium 35 min
Dark brown 45 min
Black 60 min
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The light controller may be configured for control of one or more parameters of the plurality
of light sources, such as turn-on, turn-off, output power, intensity, intensity at one or more

selected wavelengths, wavelength spectrum, colour temperature, etc.

For example, the light controller may be configured for control of one or more lamps or light

fittings, e.g. attached proximate to respective one or more windows.

The light controller may comprise a processor that is configured for control of the one or
more parameters of the plurality of light sources of one or more lamps or light fittings, e.qg.

by execution of software residing in one or more memories connected to the processor.

The light controller may comprise one or more inputs for connection with respective one or

more sensors for inputting signals from the one or more sensors to the processor.

The one or more sensors may comprise a light sensor that is configured for sensing light
intensity of light incident on the sensor, e.g. in a specific wavelength range; or, as a

function of wavelength, for example a photoresistor, a photodiode, a phototransistor, etc.

One or more light sensors may be mounted for sensing intensity of natural daylight, e.g. on
the outside of a building. The building may have a plurality of windows, each of which has
one or more lamps mounted to it, wherein each of the lamps is controlled by the light
controller in response to the intensity of the natural daylight outside the building as sensed

by the one or more light sensors.

One or more light sensors may be mounted inside a room illuminated through a window
that has one or more lamps mounted to it, wherein the one or more light sensors is/are
mounted for sensing of the daylight entering the window without sensing light emitted by
the one or more lamps, and wherein the one or more lamps is/are controlled by the light
controller in response to the intensity of the natural daylight entering the window as sensed

by the one or more light sensors.

The room may have a plurality of windows, each of which has one or more lamps mounted
to it, and the one or more light sensors may be mounted for sensing daylight entering one
of more of the windows without sensing light emitted by the one or more lamps, and each
of the lamps may be controlled by the light controller in response to the intensity of the
natural daylight entering one or more of the windows as sensed by the one or more light

SENSOors.

The one or more light sensors may be positioned for sensing daylight in combination with
light emitted by the one or more lamps or light fittings, and the light controller may be

configured for controlling the one or more lamps or light fittings in response to the intensity
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of the combination of daylight and light emitted by the one or more lamps or light fittings as

sensed by the one or more light sensors.

The light controller may be configured to, e.g. individually, control one or more lamps or
light fittings mounted for illumination of one or more rooms so that the intensity of light
illuminating the one or more rooms varies as a function of time of day, e.g. corresponding
to, or in the same way, as the intensity of daylight varies relatively during a day, e.g.
having a colour temperature corresponding to the colour temperature of sunlight at a
selected time of day, e.g. at the current time of day, e.g. at the current date of the year;

or, at a selected date of the year, such as the autumnal equinox or the spring equinox.

The light controller may be configured to control, e.g. individually, one or more or all of the
lamps or light fittings mounted for illumination of one or more rooms so that the visible
spectrum of the combined daylight having entered the room and the light emitted by the
one or more lamps of light fittings has a desired shape, or substantially a desired shape,
e.g. with a desired flux of blue light and/or irradiance of blue light and/or having the colour
temperature of sunlight, e.g. at a selected time of day; e.g. at the current time of day, e.qg.
at the current date of the year; or, at a selected date of the year, such as the autumnal

equinox or the spring equinox.

The light controller may be configured to control, e.g. individually, one or more or all of the
ultraviolet light sources to emit ultraviolet light with an irradiance ranging from 0.005 W/m?
- 0.8 W/m?, preferably from 0,01 W/m? - 0,7 W/m?, preferred from 0,05 W/m? - 0,6 W/m?,
more preferred 0,1 W/m? - 0,5 W/m?, more preferred from 0,3 W/m? - 0,4 W/m?,
preferably measured at a distance ranging from 50 cm to 300 cm, preferred from 100 cm to
200 cm.

The lamp system may comprise one or more movement sensors for sensing human
movement in a room accommodating one or more of the movement sensors, and wherein
the light controller is configured for controlling the plurality of light sources of one or more
lamps or light fittings in a room in response to the amount of movement sensed by the one

or more movement sensors accommodated in the room.

The lamp system may comprise one or more personal health sensors configured to be worn
by a human and sensing at least one health parameter, e.g. selected from the group
consisting of body temperature, skin conductivity, heart rate, and blood pressure, and
wherein the light controller is configured for controlling the plurality of light sources of one
or more lamps in response to parameter values sensed by one or more personal health

SENSOrs.
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The lamp system may comprise one or more personal environment sensors configured to be
worn by a human, e.g. selected from the group consisting of accelerometer, gyroscope,
compass, ambient light sensor, UV sensor, GPS-unit, and barometer, and wherein the light
controller is configured for controlling the plurality of light sources of one or more lamps in

response to parameter values output by one or more personal environment sensors.

The lamp system may for example be interconnected with wearables used by a human,
such as smart phones, smart watches, such as the Apple Watch, the Samsung Gear, the
Pebble Watch, etc., activity trackers, such as the Fitbit Flex and others by Fitbit, the Garmin
Vivofit or others by Garmin, the Sony Smartband or others by Sony, etc., etc., utilizing data
from their sensors, typically including an ambient light sensor, GPS, an accelerometer, a

clock, etc.

The light controller may be configured for controlling the plurality of light sources of one or
more lamps in response to personal data of one or more humans, such as age, eye colour,

chronotype (morning/evening person), etc.

The light controller may be configured to turn-on and turn-off various groups of light
sources of the lamp or light fitting that are arranged for emission of light in different
respective directions. For example, the light controller may be configured for individually
turning various groups of light sources on and off in a sequence so that the changing
directions of light from the lamp having been reflected by the frame of the window the room

correspond to the changing angle of incidence of sunlight as a function of time of day.

The lamp housing may accommodate one or more of the light sensors, e.g. a plurality of
light sensors, e.g. two light sensors, and the light controller may be configured to control
the lamp or light fitting in response to the intensity of light as sensed by the one or more

light sensors.
The lamp housing may accommodate the light controller.

The lamp housing may further accommodate a control element, such as a knob, one or

more keys, a switch, a slider, etc. for human adjustment of the intensity of light currently
emitted by the lamp or light fitting. Subsequent to an adjustment, the light controller may
continue to vary the intensity of light illuminating the room in the same way, relatively, as

before adjustment.

The light controller may be accommodated in a housing separate from the lamp housing of
the lamp or light fitting. For example, the light controller may reside in a separate room of a
building comprising a plurality of rooms, each of which is illuminated with one or more of

the lamp or light fitting that are controlled by the light controller, e.g. in response to light
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intensity as sensed by one or more light sensors as described above and possibly, or

instead, in response to the time of day.

Alternatively, the light controller may reside in another building than the building with

rooms illuminated with one or more of the lamp or light fitting.

The light controller may be interconnected with one or more lamps or light fittings with
cables containing signal lines for provision of control signals from the light controller to the

respective one or more lamps or light fittings.

The light controller may be wirelessly interconnected with one or more lamps or light fittings
for wireless transmission of control signals from the light controller to the respective one or

more lamps or light fittings.

For example, each of the light controller and one or more of the lamps or light fittings, time
keeping units, light sensors, other sensors, and user interfaces, may comprise an interface
to a wired Local-Area-Network (LAN) and/or a wireless LAN (BlueTooth, WiFi), and/or a
mobile telephone network (3G, 4G) and/or another Wide-Area-Network (WAN), such as the
internet. In this way networks already present may be utilized for interconnection of lamps
and light fittings and time keeping units and light sensors and other sensors and user
interfaces and the light controller and other parts of the lamp system; and thus, the light
controller may receive inputs and control one or more of lamps or light fittings as desired
utilizing existing network connections. Further, utilizing a WAN, such as the Internet, makes
it possible for lamps and light fittings and time keeping units and light sensors and other
sensors and user interfaces and the light controller and other parts of the light system to
reside in separate locations possibly separated by large distances. For example, the light
controller may reside on a server, or may be distributed among a plurality of servers,
connected to the Internet and thus residing anywhere in the world in a location with

Internet access.

The lamp system may comprise a hand-held unit that is configured for connection to the
light controller and has a user interface configured for user entry of user data, and wherein
the hand-held unit is configured to transmit the user data to the light controller, and
wherein the light controller is configured for controlling the plurality of light sources in

response to the user data.

The hand-held unit may be a smartphone or a tablet or a wearable computer, such as a
smartwatch, an activity tracker, etc., and may have an interface to a wired Local-Area-
Network (LAN) and/or a wireless LAN (BlueTooth, WiFi), and/or a mobile telephone network

(3G, 4G), and/or a Wide-Area-Network (WAN), such as the internet, and may be configured



10

15

20

25

30

WO 2016/184852 PCT/EP2016/061017

11

to be interconnected with a remote server through the network, e.g. for storage of data

from sensors of the hand-held unit, for entry of user data, etc.

Through the Wide-Area-Network, e.g. the Internet, the light controller may have access to
data, such as personal health data and/or electronic time management and/or data
provided by communication tools relating to and used by one or more users of the lamp or
light fitting. The tools and the stored information typically reside on one or more remote
servers accessed through the Wide-Area-Network. A plurality of devices, e.g. users’
smartphones, with interfaces to the Wide-Area-Network may access the one or more
remote servers through the Wide-Area-Network and may be used to enter information

relating to the users.

The tools may include electronic calendar system(s), email system(s), such as Microsoft
Outlook, Windows Mail, Mozilla Thunderbird, Apple Mail, Opera Mail, Hotmail, Gmail, etc.,
social network(s), professional network(s), such as Facebook ®, LinkedIn ®, Google+,
Twitter, MySpace, etc., well-known for management of appointments and other daily

activities and communications.
The light controller, or a part of the light controller, may reside on the hand-held unit.

A user interface for the lamp system may reside on a smartphone, and the smartphone may
execute an app allowing the user to control the lamp system, e.g. for adjustment of one or
more selected lamps or light fittings, selection of programs controlling parameters of light

emitted by the one or more selected lamps as a function of time, etc.

The Wide-Area-Network may be accessed through a mobile telephone network, such as
GSM, 1S-95, UMTS, CDMA-2000, etc.

The data may include schedules of tasks to be performed, such as tournament days,

competition dates, anniversaries, appointments, meetings, etc.

The lamp system may be used when driving, preferably, during morning hours for exposure
of blue light and/or UVB light to an individual’s eyes. Preferably, the lamp is positioned in
proximity or adjacent to a sun visor of a car, alternatively the lamp is attached directly to a
sun visor or a car. Preferably, the lamp emits a broad spectrum of light providing a white

light perception of the user.

The lamp system may be used by an athlete during training periods and/or for
competitions. It is an advantage that the lamp system enables the athlete to optimize sleep
during intense training and/or competition programs. This is important as sleep is a critical
parameter for recovery, and an athlete’s reaction speed and ability to perform at maximum

level,
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BRIEF DESCRIPTION OF THE DRAWINGS

Below, the method and the power converter are explained in more detail with reference to
the drawings in which various resonant examples of the power converter are shown. In the

drawings:
Fig. 1 shows a lamp configured to be mounted to a top part of a window frame,

Fig. 2 schematically illustrates a window with two lamps mounted to the window frame,

and

Fig. 3 schematically illustrates a lamp system with parts of the system interconnected
through a WAN.

DETAILED DESCRIPTION OF EMBODIMENTS

The accompanying drawings are schematic and simplified for clarity, and they merely show
details which are essential to the understanding of the resonant power converter, while
other details have been left out. The lamp system according to the appended claims may be
embodied in different forms not shown in the accompanying drawings and should not be

construed as limited to the examples set forth herein.

Like reference numerals refer to like elements throughout. Like elements may, thus, not be

described in detail with respect to the description of each figure.

Fig. 1 shows a lamp or a light fitting 12 with a lamp housing 14 accommodating a plurality
of light sources 16 for emission of visible light, including blue light. The lamp 12 also has a
power supply (not shown) for supplying the plurality of light sources 16 and other circuitry
of the lamp 12 with power. The power supply is connected to the mains for powering the

lamp 12.

The plurality of light sources includes blue LEDs and white LEDs and the illustrated lamp 12
is capable of emitting white light with a luminous flux of 400 lux including blue light with a
luminous flux of 100 lux and, preferably, with an irradiance that is larger than 5
mW/nm/m?, preferably in the wavelength range from 440 nm to 500 nm, preferred from
450 nm - 490, more preferred from 450 nm - 480 nm, more preferred from 450 nm - 470
nm, more preferred from 455 nm - 465 nm, when the luminous flux and irradiance are

measured at a distance of 3 metres from the lamp.

The blue LEDs emit light with a centre wavelength of 465 nm and have a FWHM (full-width-
half-maximum) of 25 nm. The white LEDs have a blue LED coated with a phosphor layer
that emits Stokes-shifted light at about 500 - 700 nm.
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The illustrated lamp 12 is configured to be attached pairwise to the left and right vertical

sides, respectively, of a frame of a window that provides daylight illumination of a room.

Different groups of light sources 18, 20 of the plurality of light sources 16 are mounted in
the lamp housing 14 for emission of light along different centre directions of propagation,
wherein each of the different centre directions of propagation is equal to a direction of
propagation of sunlight reflected by the frame of the window at a respective time of day

when the lamp 12 is mounted in its intended position for use.

For example, one group of light sources 18 of the lamp 12 is tilted with respect to the other
group of light sources 20 for emission of light in different respective directions for
ilumination of different respective parts of the frame of the window to emulate different
angles of incidence of sunlight during the day, and the groups of light sources 18, 20 may
be individually turned on and off in a sequence that corresponds to the changing angle of

incidence of sunlight as a function of time.

The lamp housing 14 comprises a diffuser 22 and light emitted by the lamp is output
through the diffuser 22 so that the lamp 12 emits diffused light for uniform illumination of

the room.

The lamp 12 may comprise one or more optical elements (not shown), such as lenses, lens
arrays, micro-lenses, micro-lens arrays, reflectors, diffractive optical elements, etc.,
positioned in respective propagation paths of light emitted by the LEDs for directing the
emitted light into desired directions, e.g. thereby preventing emission of light, or minimizing

the amount of light emitted, out of the window and the room.

The rear part 24 of the lamp 12 opposite the diffuser 22 is made of aluminium for heat
dissipation and has a surface with an adhesive 26 for attachment of the lamp 12 in an easy

and convenient way to the frame of the window without modifying the frame.

The lamp 12 has two light sensors 28 mounted in the diffuser 22 for sensing overall light
intensity.

The lamp 12 may also comprise one or more ultraviolet light sources (not shown), e.g.
ultraviolet LEDs, for emission of ultraviolet light, preferably in the UVB range from 290 nm
to 380 nm, such as from 290 nm to 320 nm, such as from 300 nm - 320 nm, such as from
300 nm - 310 nm. Human bodies exposed to ultraviolet light increase their production of

vitamin D.

The ultraviolet light emitted by the lamp or light fitting may supplement sun light entering
the room through the window pane so that the resulting light illuminating the room has a

ultraviolet spectrum similar to the spectrum of ultraviolet sunlight, e.g. by supplying the



10

15

20

25

30

WO 2016/184852 PCT/EP2016/061017

14

part of the ultraviolet light that is prevented from entering the room through the window by

the optical filtering of the material of the window pane.

The ultraviolet light may be emitted intermittently for control of the amount of exposure to

ultraviolet light.

The ultraviolet light emitted by the lamp or light fitting may be adjusted to an optimum for

the production of vitamin D in a human body.

The light controller may be configured to control, e.g. individually, one or more or all of the
ultraviolet light sources to emit ultraviolet light with an irradiance ranging from 0.005 W/m?
- 0.8 W/m?, preferably from 0,01 W/m? - 0,7 W/m?, preferred from 0,05 W/m? - 0,6 W/m?,
more preferred 0,1 W/m? - 0,5 W/m?, more preferred from 0,3 W/m? - 0,4 W/m?,
preferably measured at a distance ranging from 50 cm to 300 cm, preferred from 100 cm to
200 cm.

The lamp 12 also comprises a time keeping unit (not shown) keeping track of the time of

day and accommodated in the lamp housing 14.

The lamp 12 also comprises a light controller (not shown) accommodated in the lamp
housing 14 and controlling the plurality of light sources 16 in response to the intensity of

light sensed by the light sensors 28 and the time provided by the time keeping unit.

The light controller is configured for control of turn-on and turn-off of the blue and white
LEDs and the intensity of the emitted light from the blue and white LEDs in response to the

time provided by the time keeping unit.
Thus, the illustrated lamp 12 is a self-contained unit.

The lamp 12 housing may further accommodate a control element (not shown), such as a
knob for human adjustment of the intensity of light currently emitted by the lamp 12.
Subsequent to an adjustment, the light controller continues to vary the intensity of light in
the same pre-determined way as before adjustment, e.g. if the light intensity has been
lowered by 3 dB, the light controller will lower all intensities as function of time with 3 dB

after the adjustment.

The light controller is configured to control the intensity of the emitted light as a function of
time of day, e.g. corresponding to, or in the same way, as the intensity of daylight varies
relatively during an equinox. Following the circadian rhythm of an equinox eliminates a need
for the time keeping unit to keep track of dates thereby simplifying the time keeping unit
and the light controller. Humans exposed to the illumination of the lamp 12 will also benefit

from the fixed circadian rhythm.
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For example, around noon on a summer day with good weather conditions, the room may
be sufficiently illuminated by sun light so that the light controller turns the lamp 12 off,
whereas during a winter day with bad weather conditions, the room may receive very little
sun light and the light controller controls the LEDs 18, 20 of the lamp 12 to emit light with a
spectrum similar to the visible spectrum of sun light and with a high intensity as a function
of time of day so that the resulting illumination of the room will correspond to the

illumination of a bright day.

In the morning, the light controller may control the LEDs 18, 20 to emit light that is
perceived cold bluish and may have a colour temperature of around 6000 Kelvin and in the
evening, the light controller may control the LEDs 18, 20 to emit light that is perceived

reddish and may have a colour temperature of around 2000 Kelvin.

The lamp 12 may comprise, or be connected with, a movement sensor (not shown) for
sensing human movement in the room and the light controller may be configured for
controlling the LEDs in response to a signal from the movement sensor, e.g. the light
controller may turn the LEDs off when no human presence is detected by the movement

SeNsor.

Fig. 2 schematically illustrates two identical lamps 12, each of which having a lamp housing
14 accommodating a plurality of light sources (not visible) for emission of visible light 30,
including blue light. Each of the lamps 12 also has a power supply (not shown) for supplying
the plurality of light sources and other circuitry of the lamp 12 with power. The power

supply is connected to the mains for powering the lamps 12.

The plurality of light sources includes blue LEDs and white LEDs and the illustrated lamp 12
is capable of emitting white light with a luminous flux of 400 lux including blue light with a
luminous flux of 100 lux and, preferably, with an irradiance that is larger than 5
mW/nm/m?, preferably in the wavelength range from 440 nm to 500 nm, preferred from
450 nm - 490, more preferred from 450 nm - 480 nm, more preferred from 450 nm - 470
nm, more preferred from 455 nm - 465 nm, when the luminous flux and irradiance are

measured at a distance of 3 metres from the lamp.

The blue LEDs emit light with a centre wavelength of 465 nm and have a FWHM (full-width-
half-maximum) of 25 nm. The white LEDs have a blue LED coated with a phosphor layer
that emits Stokes-shifted light at about 500 - 700 nm.

The illustrated lamps 12 are configured to be attached pairwise to left and right parts,
respectively, of the horizontal top part 32 of a frame 34 of a window 36 that provides

daylight illumination of a room (not shown).
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The LEDs are mounted in the lamp housings 14 so that the frame 34 of the window 36 is
illuminated by the LEDs and the room (not shown) is illuminated by light from the lamps 12
that has been reflected, e.g. diffusely reflected, into the room by the frame 34 of the
window 36. For example, each LED is mounted in the lamp housing 14 so that a centre part
of the light emitted by the LED is directed towards a part of the frame 34 when the lamp 12
is mounted in its intended position for use, whereby light 30 emitted by the lamps 12 is
reflected by the frame 34 of the window 36 for illumination of the room in combination with
sunlight entering the room through the window pane. The illuminated parts of the frame 34

may be coated with a reflective material for improved illumination of the room.

Different LEDs can be mounted in the lamp housing 14 for emission of light along different
centre directions of propagation 30 for illumination of different parts of the frame 34 of the

window 36 also illuminated by sunlight at respective different times during a day.

For example, various groups of LEDs of the lamps 12 may be arranged for emission of light
in different respective directions 30 for illumination of different respective parts of the frame
34 of the window 36 also illuminated by the sun at various angles of incidence of sunlight
during the day, and the groups of LEDs may be individually turned on and off in a sequence

that corresponds to the changing angle of incidence of sunlight as a function of time.

The lamps 12 may comprise one or more optical elements (not shown), such as lenses, lens
arrays, micro-lenses, micro-lens arrays, reflectors, diffractive optical elements, etc.,
positioned in respective propagation paths of light emitted by the LEDs for directing the
emitted light into desired directions, e.g. thereby preventing emission of light, or minimizing

the amount of light emitted, out of the window and the room.

The part 24 of the lamp housing 14 attached to the top part 32 of the frame 34 of the
window 36 is made of aluminium for heat dissipation and has a surface with an adhesive 26
for attachment of the lamp 12 in an easy and convenient way to the frame 34 of the window

36 without modifying the frame 34.

Each of the lamps 12 has two light sensors 28 (nhot shown) mounted in the lamp housing 14

and facing the room for sensing overall light intensity.

Each of the lamps 12 may also comprise one or more ultraviolet light sources (not shown),
e.g. ultraviolet LEDs, for emission of ultraviolet light, preferably in the UVB range from 280
nm to 380 nm, such as from 280 nm to 320 nm, such as from 300 nm - 320 nm, such as

from 300 nm - 310 nm. Human bodies exposed to ultraviolet light increase their production

of vitamin D.

The ultraviolet light emitted by the lamp or light fitting may supplement sun light entering

the room through the window pane so that the resulting light illuminating the room has a
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ultraviolet spectrum similar to the spectrum of ultraviolet sunlight, e.g. by supplying the
part of the ultraviolet light that is prevented from entering the room through the window by

the optical filtering of the material of the window pane.

The ultraviolet light may be emitted intermittently for control of the amount of exposure to

ultraviolet light.

The ultraviolet light emitted by the lamp or light fitting may be adjusted to an optimum for

the production of vitamin D in a human body.

The light controller may be configured to control, e.g. individually, one or more or all of the
ultraviolet light sources to emit ultraviolet light with an irradiance ranging from 0.005 W/m?
- 0.8 W/m?, preferably from 0,01 W/m? - 0,7 W/m?, preferred from 0,05 W/m? - 0,6 W/m?,
more preferred 0,1 W/m? - 0,5 W/m?, more preferred from 0,3 W/m? - 0,4 W/m?,
preferably measured at a distance ranging from 50 cm to 300 cm, preferred from 100 cm to
200 cm.

Each of the lamps 12 also comprises a time keeping unit (not shown) keeping track of the

time of day and accommodated in the lamp housing 14.

Each of the lamps 12 also comprises a light controller (not shown) accommodated in the
lamp housing 14 and controlling the plurality of light sources 16 in response to the intensity

of light sensed by the light sensors 28 and the time provided by the time keeping unit.

The light controller is configured for control of turn-on and turn-off of the blue and white
LEDs and the intensity of the emitted light from the blue and white LEDs in response to the
time provided by the time keeping unit.

Thus, each of the illustrated lamps 12 is a self-contained unit.

Each of the lamp housings 14 may further accommodate a control element (not shown),
e.g. a knob for human adjustment of the intensity of light currently emitted by the lamp 12.
Subsequent to an adjustment, the light controller continues to vary the intensity of light in
the same pre-determined way as before adjustment, e.g. if the light intensity has been
lowered by 3 dB, the light controller will lower all intensities as function of time with 3 dB

after the adjustment.

The light controller is configured to control the intensity of the emitted light as a function of
time of day, e.g. corresponding to, or in the same way, as the intensity of daylight varies
relatively during an equinox. Following the circadian rhythm of an equinox eliminates a need
for the time keeping unit to keep track of dates thereby simplifying the time keeping unit
and the light controller. Humans exposed to the illumination of the lamp 12 will also benefit

from the fixed circadian rhythm.
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For example, around noon on a summer day with good weather conditions, the room may
be sufficiently illuminated by sun light so that the light controller turns the lamp 12 off,
whereas during a winter day with bad weather conditions, the room may receive very little
sun light and the light controller controls the LEDs 18, 20 of the lamp 12 to emit light with a
spectrum similar to the visible spectrum of sun light and with a high intensity as a function
of time of day so that the resulting illumination of the room will correspond to the

illumination of a bright day.

In the morning, the light controller may control the LEDs 18, 20 to emit light that is
perceived cold bluish and may have a colour temperature of around 6000 Kelvin and in the
evening, the light controller may control the LEDs 18, 20 to emit light that is perceived

reddish and may have a colour temperature of around 2000 Kelvin.

Each of the lamps 12 may comprise, or be connected with, a movement sensor (not shown)
for sensing human movement in the room and the light controller may be configured for
controlling the LEDs in response to a signal from the movement sensor, e.g. the light
controller may turn the LEDs off when no human presence is detected by the movement

Sensor.

Fig. 3 schematically illustrates a lamp system 10 wherein various parts of the system 10 are
interconnected through a Wide-Area-Network (WAN), namely the Internet. The illustrated
lamp system 10 further utilizes cloud based services, e.g. for accessing data relating to the

activities of a human.

As indicated in Fig. 3, the illustrated lamp system 10 may have lamps 12 with the same
mechanical configuration with LEDs, and possibly ultraviolet LEDs, arranged in the same
way as disclosed above with reference to Figs. 1 and 2. However, the electronic circuitry of
the lamps 12 are different as explained in more detail below. The illustrated lamp system 10
may control the lamps 12 of the system in the same way as explained above with reference
to Figs. 1 and 2, and time keeping units, light sensors, and other sensors may be positioned
and connected in the system for cooperation in the same way as explained above with

reference to Figs. 1 and 2.

The illustrated lamp system 10 may also comprise lamps of a different mechanical
construction as is well-known in the field of light therapy, e.g. portable lamps (not shown)

with blue LEDs, e.g. used during travelling.

The illustrated lamp system 10 comprises a plurality of lamps 12 (or light fittings), each of
which having a lamp housing 14 accommodating a plurality of light sources (not shown) for
emission of visible light, including blue light. Some of the lamps 12, or all of the lamps 12,

may be mounted in different windows for illumination of different rooms of the same
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building; or, of different buildings. Some of the lamps 12, or all of the lamps 12, may be

mounted in ceilings or may be positioned on the floor or on tables.

The light controller of the lamp system 10 and each of the lamps 12 comprise an interface
to a wired Local-Area-Network (LAN) and/or a wireless LAN (BlueTooth, WiFi), and/or a
mobile telephone network (3G, 4G) and/or another Wide-Area-Network (WAN), such as the
Internet 38 for interconnection of the light controller with the lamps 12 through the
network. In the illustrated example, the lamps 12 are connected with other parts of the
lamp system 10 through the Internet 38. In this way, various parts of the lamp system 10,
and other devices connected to the lamp system 10, may reside in any location remote from
each other provided that the locations have access to the Internet 38. For example, the
light controller may reside on a server 46, 48, or may be distributed among a plurality of
servers 46, 48, connected to the Internet 38 and thus residing anywhere in the world in a

location with Internet access.

Likewise, other parts of the lamp system 10, including time keeping units and light sensors
and other sensors and user interfaces and the light controller, also have interfaces providing
access to the Internet; and thus, the light controller may receive inputs and control one or

more of lamps 12 as desired via the Internet 38.

One or more light sensors (not shown) may be mounted for sensing intensity of natural
daylight, e.g. on the outside of a building. The building may have a plurality of windows,
each of which has one or more lamps 12 mounted to it, wherein each of the lamps 12 is
controlled by the light controller in response to the intensity of the natural daylight outside

the building as sensed by the one or more light sensors.

One or more light sensors may be mounted inside a room illuminated through a window
that has one or more lamps 12 mounted to it, wherein the one or more light sensors is/are
mounted for sensing of the daylight entering the window without sensing light emitted by
the one or more lamps 12, and wherein the one or more lamps 12 is/are controlled by the
light controller in response to the intensity of the natural daylight entering the window as

sensed by the one or more light sensors.

Some rooms may have a plurality of windows 36, each of which has one or more lamps 12
mounted to it, and the one or more light sensors may be mounted for sensing daylight
entering one of more of the windows 36 without sensing light emitted by the one or more
lamps 12, and each of the lamps 12 may be controlled by the light controller in response to
the intensity of the natural daylight entering one or more of the windows as sensed by the

one or more light sensors.
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The one or more light sensors may be positioned for sensing daylight in combination with
light emitted by the one or more lamps 12, and the light controller may be configured for
controlling the one or more lamps 12 in response to the intensity of the combination of
daylight and light emitted by the one or more lamps 12 as sensed by the one or more light

SENSOrs.

The light controller may be configured to, e.g. individually, control one or more lamps 12
mounted for illumination of one or more rooms so that the intensity of light illuminating the
one or more rooms varies as a function of time, e.g. corresponding to, or in the same way,
as the intensity of daylight varies during a day, e.g. having a colour temperature
corresponding to the colour temperature of sunlight at a selected time of day, e.g. at the
current time of day, e.g. at the current date of the year; or, at a selected date of the year,

such as the autumnal equinox or the spring equinox.

The light controller may be configured to control, e.g. individually, one or more lamps 12
mounted for illumination of one or more rooms so that the visible spectrum of the combined
daylight having entered the room and the light emitted by the one or more lamps of light
fittings has a desired shape, or substantially a desired shape, e.g. with a desired flux and
irradiance of blue light and/or having the colour temperature of sunlight, e.g. at a selected
time of day; e.g. at the current time of day, e.g. at the current date of the year; or, at a

selected date of the year, such as the autumnal equinox or the spring equinox.

The lamp housings 14 may accommodate a control element (not shown), such as a knob,
one or more keys, a switch, a slider, etc. for human adjustment of the intensity of light
currently emitted by the lamp 12. Subsequent to an adjustment, the light controller may
continue to vary the intensity of light illuminating the room in the same way, relatively, as

before adjustment.

The lamp system 10 comprises one or more hand-held units, each of which is configured for
connection to the light controller and has a user interface configured for user entry of user
data, and wherein the hand-held unit is configured to transmit user data to the light
controller, and wherein the light controller is configured for controlling the plurality of light

sources in response to the user data.

The hand-held unit may be a smartphone 40 or a tablet 42 or a wearable computer, such as
a smartwatch 44, an activity tracker (not shown), etc., and has an interface to a wired
Local-Area-Network (LAN) and/or a wireless LAN (BlueTooth, WiFi), and/or a mobile
telephone network (3G, 4G), and/or a Wide-Area-Network (WAN), namely the internet, and
may be configured to be interconnected with a remote server 46 through the Internet 38,

e.g. for storage of data from sensors of the hand-held unit, for entry of user data, etc.



10

15

20

25

30

35

WO 2016/184852 PCT/EP2016/061017

21

Through the Internet 38, the light controller may have access to data, such as personal
health data and/or electronic time management and/or data provided by communication
tools relating to and used by one or more users of the lamp 12. The tools and the stored
information typically reside on one or more remote servers 46, 48 accessed through the
Internet 38. A plurality of devices, e.g. users’ smartphones 40, with interfaces to the
Internet 38 may access the one or more remote servers 46, 48 through the Internet 38 and

may be used to enter information relating to the users.

The tools may include electronic calendar system(s), email system(s), such as Microsoft
Outlook, Windows Mail, Mozilla Thunderbird, Apple Mail, Opera Mail, Hotmail, Gmail, etc.,
social network(s), professional network(s), such as Facebook ®, LinkedIn ®, Google+,
Twitter, MySpace, etc., well-known for management of appointments and other daily

activities and communications.

The light controller, or a part of the light controller, may reside in a smartphone 40 or in a
tablet 42.

The lamp system may comprise one or more movement sensors 50 for sensing human
movement in a room accommodating one or more of the movement sensors 50, and
wherein the light controller is configured for controlling lamps in a room in response to the
amount of movement sensed by the one or more movement sensors 50 accommodated in

the room.

The lamp system may comprise one or more personal health sensors configured, e.g.
residing in a smart watch 44 and/or in an activity tracker and/or in a smartphone 40, to be
worn by a human and sensing at least one health parameter, e.g. selected from the group
consisting of body temperature, skin conductivity, heart rate, and blood pressure, and
wherein the light controller is configured for controlling one or more lamps in response to

parameter values sensed by one or more personal health sensors.

The lamp system may comprise one or more personal environment sensors, e.g. residing in
a smart watch 44 and/or in an activity tracker and/or in a smartphone 40 and/or in a tablet
42, configured to be worn by a human, e.g. selected from the group consisting of
accelerometer, gyroscope, compass, ambient light sensor, UV sensor, GPS-unit, and
barometer, and wherein the light controller is configured for controlling one or more lamps

in response to parameter values output by one or more personal environment sensors.

Through the Internet 38, the lamp system may be interconnected with wearables used by a
human, such as smart phones, smart watches, such as the Apple Watch, the Samsung
Gear, the Pebble Watch, etc., activity trackers, such as the Fitbit Flex and others by Fitbit,

the Garmin Vivofit or others by Garmin, the Sony Smartband or others by Sony, etc., etc.,
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utilizing data from their sensors as already mentioned, typically including an ambient light

sensor, GPS, an accelerometer, a time keeping unit, etc.

A user interface of the lamp system 10 may reside in a smartphone 40 or in a tablet 42, and
the smartphone 40 or tablet 42 may execute an app allowing the user to control the lamp
system 10, e.g. for adjustment of one or more selected lamps 12, selection of programs
controlling parameters of light emitted by the one or more selected lamps 12 as a function
of time, etc. Various programs for control of lamps 12 in response to sensor data, personal
data, date and time, and user commands entered with the user interface, may be
downloaded to the smartphone 40 or tablet 42 and be selected for execution with the user

interface.

The Internet 38 may be accessed through a mobile telephone network, such as GSM, 1S-95,
UMTS, CDMA-2000, etc.

The data may include schedules of tasks to be performed, such as tournament days,

competition dates, anniversaries, appointments, meetings, etc.

In one lamp system 10, the light controller resides in a smartphone 40 and executes an app
for control of lamps 12. The app has been downloaded from a remote server and updates
may be regularly received from the server. The light controller controls the lamps 12 based
on time in accordance with the circadian rhythm of an equinox, and based on sensor data,
and based on planned activities as recorded in an electronic calendar residing on a remote

server 46, 48 and accessed by the light controller.

The equinox is divided into time periods, namely 1) morning, 2) afternoon, and 3) evening
and night. The sensor data are received form light sensors and wearables with GPS and
activity trackers and movement sensors. Planned activities may include work, exercise, and

education.

The light controller controls lamps 12 to emit light with a luminance of 400 lux including 100
lux of blue light (peak wavelength is 460 nm) and, preferably, with an irradiance that is
larger than 5 mW/nm/m?, preferably in the wavelength range from 440 nm to 500 nm,
preferred from 450 nm - 490, more preferred from 450 nm - 480 nm, more preferred from
450 nm - 470 nm, more preferred from 455 nm - 465 nm, at a distance of 3 metres from
the lamp in question during the morning and afternoon before and during work or exercise

or education.

The light controller turns lamps 12 off during the evening and night or when nobody is
present in a room illuminated by the lamp 12 in question as detected by movement

detectors and/or wearables or subsequent to a period with intense activities.
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Col L
olour Intensity amp . Expected results
temperature mounting
Morning Blue white Window Easv morning routine
(1 hr. prior awakening and | 6000-7000 Mediocre | Ceiling Hi K activit g
before lunch) kelvin Table & ¥
White Window
s | Mi : - :
3 idday 4000-5000 High Ceiling Increased appetite
‘= | (Before and after lunch) .
a Kelvin Table
°
[} .
S ) Yellowish - ..
€ | Evening . Ceiling Low activity
. 2700-3000 Med .
5 (After dinner) . eAOTe 1 Taple Undisturbed sleep
Kelvin
Night Red Hich Ceiling Undisturbed sleep
(After bedtime) 2000 Kelvin & Table Fewer falls
Activit iring high . .
g e::el:" yRaue e Blue white Window e.g. Higher training output
2 8y . 6000-7000 | High Ceiling ‘8- TIENET Taining oute
2 | e.g. Training, daytrips etc. . from training
2] . Kelvin Table
(Controlled by caregivers)
Relaxing area activated .
e.g. Couch, leaning chair Yellowish Ceilin Low activit
- | &8 ouch & 2700-3000 Mediocre 8 oo
2 | (decided by elderly and Kelvin Table Encourages relaxing
© | caregivers)
et
<
S
o | Activity area activated . Improved environment for
o . White - . .
= | e.g. desk, dinner table etc. . Ceiling doing difficult tasks
< ) 4000-5000 High
(decided by elderly and . Table Increased alertness,
. Kelvin
caregivers) memory and focus
P = Priority.

a light controller configured for controlling the plurality of light sources in response to

The light controller may be configured to control the plurality of light sources in response to
personal data of a human, such as age, eye colour, chronotype (morning/evening person),

etc.

The table below illustrates how the light controller may operate to adjust illuminance in

response to personal data:
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Age Eyes of dark colour Eyes of bright colour

Morning Evening Morning Evening

person person person person
10 years old 180 lux 200 lux 135 lux 160 lux
25 years old 230 lux 280 lux 170 lux 200 lux
45 years old 400 lux 480 lux 300 lux 360 lux
65 years old 660 lux 800 lux 500 lux 600 lux
85 years old 800 lux 960 lux 600 lux 720 lux
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CLAIMS

1.

A lamp system comprising

a lamp with a lamp housing accommodating a plurality of light sources for emission of

visible light, including blue light,
a time keeping unit,
a light sensor for sensing intensity of light incident upon it, and

a light controller configured for controlling the plurality of light sources in response to
the intensity of light sensed by the light sensor and the time provided by the time

keeping unit,
characterIzed inthat

the lamp emits blue light with a luminous flux ranging from 50 lux to 200 lux at a

distance of 3 metres from the lamp during a selected time period.

A lamp system according to claim 1, wherein the lamp emits blue light with an
irradiance that is larger than 5 mW/nm/m? in a selected wavelength range, such as in
the wavelength range from 440 nm to 500 nm preferably from 450 nm - 490, more
preferred from 450 nm - 480 nm, more preferred from 450 nm - 470 nm, more

preferred from 455 nm - 465 nm.

A lamp system according to claim 1 or 2, wherein the lamp housing is configured for
attachment at a frame of a window and wherein each light source of the plurality of
light sources is mounted in the lamp housing so that a centre part of the light emitted
by the light source is directed towards a part of the frame when the lamp is mounted in
its intended position for use, whereby light emitted by the lamp is reflected by the
frame of the window for illumination of a room in combination with sunlight entering the

room through the window.

A lamp system according to claim 3, wherein different light sources of the plurality of
light sources are mounted in the lamp housing for emission of light along different
centre directions of propagation for illumination of different parts of the frame of the

window illuminated by sunlight at respective different times during a day.

A lamp system according to claim 1 or 2, wherein the lamp housing is configured for
attachment at a frame of a window and wherein different light sources of the plurality of
light sources are mounted in the lamp housing for emission of light along different

centre directions of propagation, and wherein each of the different centre directions of
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propagation is equal to a direction of propagation of sunlight reflected by the frame at a

respective time of day when the lamp is mounted in its intended position for use.

A lamp system according to any of claims 3 - 5, wherein the lamp housing has a

surface with an adhesive for attachment at the frame of the window.

A lamp system according to any of the previous claims, wherein the lamp housing

accommodates the light sensor.

A lamp system according to any of claims 3 - 7, wherein the light controller is
configured to control the plurality of light sources to emit light that in combination with
the part of daylight having been transmitted through the window has a visible part of

the spectrum with a desired shape.

A lamp system according to any of the previous claims, wherein the lamp housing
comprises at least one ultraviolet light source for emission of ultraviolet light, preferably
in the UVB range from 280 nm to 380 nm, such as from 280 nm to 320 nm, such as

from 300 nm - 320 nm, such as from 300 nm - 310 nm.

A lamp system according to any of the previous claims, comprising a movement sensor
for sensing human movement in a room accommodating the movement sensor, and
wherein the light controller is configured for controlling the plurality of light sources in

response to the amount of movement sensed by the movement sensor.

A lamp system according to any of the previous claims, comprising a personal health
sensor configured to be worn by a human and sensing at least one health parameter
selected from the group consisting of body temperature, skin conductivity, heart rate,
and blood pressure, and wherein the light controller is configured for controlling the
plurality of light sources in response to parameter values sensed by the personal health

sSensor.

A lamp system according to any of the previous claims, comprising at least one
personal environment sensor configured to be worn by a human and selected from the
group consisting of accelerometer, gyroscope, compass, ambient light sensor, UV
sensor, GPS-unit, and barometer, and wherein the light controller is configured for
controlling the plurality of light sources in response to parameter values output by the

personal environment sensor.

A lamp system according to any of the previous claims, wherein the light controller has
an interface to a network and is configured to be interconnected with a remote server
through the network for performing at least one of the operations selected from the

group consisting of utilizing computing resources of the remote server to control the
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plurality of light sources, access personal data relating to a human using the lamp, and

access data relating to the environment of the lamp.

A lamp system according to any of claims 10 - 13, wherein at least one of the
movement sensor, personal health sensor, and personal environment sensor have a
network interface for connection with a remote server for storage of data provided by

the sensors.

A lamp system according to any of the previous claims, comprising a hand-held unit
that is configured for connection to the light controller and has a user interface
configured for user entry of user data, and wherein the hand-held unit is configured to
transmit the user data to the light controller, and wherein the light controller is

configured for controlling the plurality of light sources in response to the user data.

A lamp system according to any of the previous claims, wherein the hand-held unit is
selected from the group consisting of a smartphone and a tablet and has an interface to
a network and is configured to be interconnected with a remote server through the

network.

A lamp system according to claim 15 or 16, wherein at least a part of the light

controller resides in the hand-held unit.

A lamp with a lamp housing accommodating a plurality of light sources for emission of
visible light, including blue light, that is configured for emission of blue light with a

luminous flux ranging from 50 lux to 200 lux at a distance of 3 metres from the lamp.

A lamp according to claim 18, wherein the lamp housing is configured for attachment at
a frame of a window and wherein each light source of the plurality of light sources is
mounted in the lamp housing so that a centre part of the light emitted by the light
source is directed towards a part of the frame when the lamp is mounted in its intended
position for use, whereby light emitted by the lamp is reflected by the frame of the
window for illumination of a room in combination with sunlight entering the room

through the window.

A lamp according to claim 19, wherein different light sources of the plurality of light
sources are mounted in the lamp housing for emission of light along different centre
directions of propagation for illumination of different parts of the frame of the window

illuminated by sunlight at respective different times during a day.

A lamp according to claim 18, wherein the lamp housing is configured for attachment at
a frame of a window and wherein different light sources of the plurality of light sources

are mounted in the lamp housing for emission of light along different centre directions
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of propagation, and wherein each of the different centre directions of propagation is
equal to a direction of propagation of sunlight reflected by the frame at a respective

time of day when the lamp is mounted in its intended position for use.

A lamp according to any of claims 19 - 21, wherein the lamp housing has a surface with

an adhesive for attachment at the frame of the window.

A lamp according to any of claims 18 - 22, wherein the lamp housing accommodates

the light sensor.

A lamp according to any of claims 18 - 23, comprising

a time keeping unit,

a light sensor for sensing intensity of light incident upon it, and

a light controller configured for controlling the plurality of light sources in response to
the intensity of light sensed by the light sensor and the time provided by the time

keeping unit.

A lamp according to claim 24, wherein the light controller is configured to control the
plurality of light sources to emit light that in combination with the part of daylight
having been transmitted through the window has a visible part of the spectrum with a

desired shape.

A lamp according to any of claims 18 - 25, wherein the lamp housing comprises at least
one ultraviolet light source for emission of ultraviolet light, preferably in the UVB range
from 280 nm to 380 nm, such as from 280 nm to 320 nm, such as from 300 nm - 320

nm, such as from 300 nm - 310 nm.

A lamp according to any of claims 24 - 26, comprising an interface to a movement
sensor for sensing human movement in a room accommodating the movement sensor,
and wherein the light controller is configured for controlling the plurality of light sources

in response to the amount of movement sensed by the movement sensor.

A lamp according to any of claims 24 - 27, comprising an interface to a personal health
sensor configured to be worn by a human and sensing at least one health parameter
selected from the group consisting of body temperature, skin conductivity, heart rate,
and blood pressure, and wherein the light controller is configured for controlling the
plurality of light sources in response to parameter values sensed by the personal health

sSensor.

A lamp according to any of claims 24 - 28, comprising at least one personal

environment sensor configured to be worn by a human and selected from the group
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consisting of accelerometer, gyroscope, compass, ambient light sensor, UV sensor,
GPS-unit, and barometer, and wherein the light controller is configured for controlling
the plurality of light sources in response to parameter values output by the personal

environment sensor.

A lamp according to any of claims 24 - 29, wherein the light controller has an interface
to a network and is configured to be interconnected with a remote server through the
network for performing at least one of the operations selected from the group
consisting of utilizing computing resources of the remote server to control the plurality
of light sources, access personal data relating to a human using the lamp, and access

data relating to the environment of the lamp.

A lamp according to any of claims 27 - 30, wherein at least one of the movement
sensor, personal health sensor, and personal environment sensor have a network
interface for connection with a remote server for storage of data provided by the

SENSOors.

A lamp according to any of claims 24 - 31, comprising a hand-held unit that is
configured for connection to the light controller and has a user interface configured for
user entry of user data, and wherein the hand-held unit is configured to transmit the
user data to the light controller, and wherein the light controller is configured for

controlling the plurality of light sources in response to the user data.

A lamp according to claim 32, wherein the hand-held unit is selected from the group
consisting of a smartphone and a tablet and has an interface to a network and is

configured to be interconnected with a remote server through the network.

A method of increasing human work productivity is provided; comprising the step of
illuminating the eyes of the human with blue light with a luminous flux at the eyes
ranging from 50 lux to 200 lux, preferred from 75 lux to 150 lux, more preferred

around 100 lux, for a selected time period.

A method according to claim 34, comprising the step of selecting a start time of the
time period of illuminating the eyes of the human with blue light that is 24 hours
subsequent to a previous start time with a selected time interval added to the previous
start time or subtracted from the previous start time, thereby changing the circadian

rhythm of the human.
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