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Lamp with integrated camera

Alamp with asupportfor at least one light source

and at least one image sensor having beam forming
means for directing light from the light source into some
direction to obtain a given light distribution and at least

Fig. 9

one optical imaging element for projecting images onto
the image sensor can be very efficiently produced, if the
beam forming means and the optical imaging element
are supported by a common carrier.
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Description
Field of the invention

[0001] The invention relates to a lamp for example for
lighting a street, a place or the like. The lamp has a sup-
port, supporting at least one light source and at least one
image sensor. Beam forming means direct light from the
light source to obtain a given light distribution. The lamp
further comprises at least one optical imaging element
for projecting images onto the image sensor.

Description of the related art

[0002] CN 200920013082 discloses a street lamp with
a housing. The housing has an opening into which a sur-
veillance camera is fitted. For mounting the lamp with the
camera it is sufficient to attach the housing to a lamp post
and to provide the electrical connections.

[0003] US 2009/0185376 discloses a street lamp. The
street lamp has a housing with a transparent cover. In
the housing is a printed circuit board supporting a light
source and an image sensor of a camera. The camera
has a casing for positioning a lens group in a defined
distance to the image sensor of the camera.

Summary of the invention

[0004] The invention is based on the observation that
the integration of the camera in a common housing with
the components for lighting the street like lampshade,
light source and the like as suggested in US
2009/0185376 facilitates the production and operation if
compared to the suggestion of CN 200920013082. The
problem to be solved by the invention is to provide a lamp
with an integrated camera and further reduced manufac-
turing costs.

[0005] Solutions of the problem are described in the
independent claims. The dependent claims relate to fur-
ther improvements of the invention.

[0006] Thelamp comprises atleasta support, support-
ing at least one light source and at least one image sen-
sor. The lamp has at least one beam forming means for
directing light emitted by the light source to obtain a given
light distribution. The beam forming means may be for
example a lens and/or a reflector. The lamp further com-
prises at least one optical imaging element for projecting
images from outside the lamp onto the image sensor, for
example a lens and/or an aperture. The beam forming
means and the optical imaging element are arranged on
a common carrier. This permits an easy manufacturing
of the lamp, because it is sufficient to place the beam
forming means and the optical imaging element on the
common carrier and to position the common carrier rel-
ative to the light source(s) and the image sensor. The
common carrier is acommon reference for the orientation
of the beam forming elements and the optical imaging
element, thus the respective optical axes are aligned by
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design when placing the beam forming elements and the
optical imaging element on the common carrier. The ad-
justment of the optical axes is thus included in the as-
sembly step and a subsequent manual alignment of the
camerawith the light beam of the light source subsequent
to the assembly of the lamp is avoided.

[0007] The lamp preferably comprises a housing with
at least one housing body and an at least partially trans-
parent cover.

[0008] The lightsource can be aLED and is preferably
mounted on a printed circuit board. The support may sup-
port for example multiple LEDs. Some of the LEDs may
have different emission spectra. For example may some
(at least one) LED emit visible light and some (at least
one) other LED emit IR-light. The image sensor may be
mounted on the same printed circuit board, serving as
support. Printed circuit boards typically have a body of
some non conducting material, like for example some
epoxy compound. The printed circuit board may alterna-
tively comprise a metal body or core to provide an efficient
heat transfer from the LEDs to e.g. some heat sink. The
heat sink can be integrated in the housing body.

[0009] The support may preferably comprise a ther-
mally conducting layer or area supporting the atleastone
light source and a thermally insulating layer or area, for
example of some epoxy compound, supporting the image
sensor. On the one hand this allows an efficient cooling
of the light source and on the other hand to avoid a direct
transfer of heat to the image sensor, thereby enhancing
the signal to noise ratio in the signal provided by the im-
age sensor. Thermally insulating is any material that pro-
vides a lower heat conductivity as the thermally conduct-
ing layer or material supporting the at least one light
source. Thus in one example, the LED(s) as light source
(s) could preferably be mounted on an area of the support
that comprises a metal layer for transferring heat from
the light source(s) to some heat sink and an area of some
plastic, e.g. epoxy compound, supporting the image sen-
sor to thermally decouple the light source(s) from the
image sensor.

[0010] The thermally conducting area is preferably in
a surface-to-surface connection with a heat sink, for ex-
ample a housing body. The thermally insulating area is
preferably notin a surface-to-surface connection with the
heat sink. In particular if the rear surfaces of the thermally
conducting area and thermally insulating area are in a
common plane, it is preferred if the heat sink has an at
least substantially plane surface being in surface-to-sur-
face contact the thermally conducting area and a recess
spanning over the rear side of the thermally insulating
area. Thereby, heat from the light source(s) may be dis-
sipated via the heat sink and at the same time the heat
transferto the atleast one image sensor may be reduced,
yielding longer lifetime of the light source(s) and an en-
hanced signal to noise ratio of the image sensor.
[0011] Theatleastonelightsource and and the atleast
one image sensor may be mounted to a common printed
circuit board. The printed circuit board may comprise a
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first layer with a first thermal conductivity coefficient i,
(e.g- x4 > 0,25 W cm™! K1 at 273K). The first layer may
include for example a metal core, in particular an alumi-
num core. On the front side of the first layer may be at
least one LED as light source. Thus the heat produced
when operating the light source may be transferred to
some heat sink, e.g. the housing body, by the first layer.
The first layer may have a preferably through hole like
opening. The front side and/or rear side the opening may
be closed by a second layer with a second thermal con-
ductivity coefficientk,, being smaller than the first thermal
conductivity coefficient k4, (ko< k). For simplicity, the
firstlayer can be considered as thermally conducting and
the second layer as thermally insulating. For example
may the second layer comprise some epoxy compound.
The image sensor is preferably be supported by the sec-
ond layer and thus be thermally decoupled from the first
layer. The signal to noise ration of the image sensor is
thereby enhanced. In addition stray light from the light
sources, falling on the image sensor may be reduced.
[0012] The image sensor may e.g. be a CCD (Charge
- Coupled Device) or a CMOS (Complementary Metal
Oxide Semiconductor) image sensor.

[0013] In a preferred embodiment are the light source
(s), the image sensor, the beam forming means and the
optical imaging element for projecting the image on the
image sensor arranged on the support. Thus, the support
is the common carrier. This permits to use extremely pre-
cise and quick pick and place machines for the assembly
of the electronic and optical components of the lamp. A
later alignment of the optical axis of the light source to
the optical axis of the image sensor can thus be avoided.
[0014] The transparent cover may include the beam
forming means and the optical imaging element for pro-
jecting an image. Thus the transparent cover may be the
common carrier. Such a transparent cover can be injec-
tion molded with very high precision. As the beam forming
means and the optical imaging element for projecting an
image are integrated in the transparent cover the number
of parts is reduced and their optical axes can be aligned
without manually adjusting their positions and/or orien-
tations.

[0015] The transparent cover may have at least one
protrusion facing the support. The protrusion is preferably
arranged between the optical axes of the image sensor
and the light source. These protrusions inhibit or at least
reduce reflections of light from the light source by the
transparent cover on the image sensor, i.e. stray light.
[0016] In particular if the beam forming means include
a lens, the optical imaging element for projecting an im-
age on the image senor may have the same mapping
function and can thus be identically shaped. This further
reduces the manufacturing costs. If the mapping function
yields a distorted image on the image sensor, the distor-
tion can be corrected by mapping the image obtained by
the image sensor with the inverse the mapping function.
It is sufficient to map the image obtained by the image
sensor with the inverse of the non linear term of the map-
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ping function to reduce the distortions. The correction
can be done some microcontroller like a digital signal
processor or a computer.

[0017] The lamp may comprise more than one image
sensor, for example two or more image sensors. In front
of each image sensor is a corresponding optical imaging
element. This permits to obtain pictures from two or more
perspectives and thereby to enhance object recognition.
The object recognition may be used for of traffic surveil-
lance, for example to distinguish between different types
of vehicles, like cars, trucks, motorcycles, bicycles and
the like. A further application for could be people count-
ing, e.g. at stadium entrances. In addition distances can
be calculated.

[0018] Atleastone ofthe opticalimaging elements may
be an asymmetric lens. This permits to capture images
of different angular ranges and/or magnifications with the
different image sensors, although the image sensors are
supported by the common support and the optical imag-
ing elements are as well supported by the common car-
rier, even if the support and the carrier have plane mount-
ing surfaces.

[0019] The lamp includes preferably driving means for
driving the light source(s) and/or the at least one image
sensor. These driving means can be integrated on a sin-
gle chip and/or on at least one printed circuit board. The
driving means are preferably thermally isolated from the
light source(s), e.g. positioned in a separate compart-
ment. This permits to reduce a heat transfer from the light
sources to the driving means. The driving means may
accomplish image data processing as well as forwarding
the image data to some monitoring or control station.
Further, the separate compartment can support the hous-

ing.

Description of Drawings

[0020] In the following the invention will be described
by way of example, without limitation of the general in-
ventive concept, on examples of embodiments with ref-
erence to the drawings.

Figure 1 shows a street lamp.

Figure 2 shows an exploded view of head of a street
lamp.

Figure 3 shows a section of a street lamp.
Figure 4 shows detail A of figure 3.

Figure 5 shows a detail of an alternative lamp.
Figure 6 shows a detail of an alternative lamp.
Figure 7 shows a detail of an alternative lamp.

Figure 8 shows a detail of an alternative lamp.
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Figure 9 shows a detail of an alternative lamp.
Figure 10 shows a detail of an alternative lamp.

[0021] The lamp 10 in figure 1 is mounted to a lamp
post 5 on some ground 4. The lamp 10 has a compart-
ment 12 supporting a housing 20 with a housing body 22
and a transparent cover 24 (cf. fig. 2 to 4). The housing
body supports a printed circuit board 30 and may have
a rim 26 for defining the position of the printed circuit
board 30 in the housing body. The rim 26 as well defines
the orientation and the position of the transparent cover
24 relative to the housing body 22, like indicated in figures
2 and 3. On the printed circuit board 30 are LEDs 32 as
light sources and for example two CCD-type image sen-
sors 34. Light from the light sources 32 is directed by
beam shaping elements 42 (see fig. 2 to 8) into some
given direction to obtain a desired light distribution on the
ground 4 below the lamp 10. The lighted ground 4 and
objects on the ground 4 reflect this light. Light reflected
by the ground 4 or objects between the ground 4 and the
lamp 10 can thus be projected as an image of the ground
4 and/or the object on the image sensor 34. The image
sensors 34 convert the projected image into some elec-
trical signal which can be further processed by a control-
ling unit. The controlling unit may be part of some driving
means for driving and controlling at least one image sen-
sor 34 and or at least one light source 32. The controlling
unit may store such captured images and/or transmit the
images via some data bus to a main controller. The driv-
ing means can be positioned in the compartment 12 sup-
porting the housing 20. Thereby the driving means can
be thermally insulated from the light sources 32. The sec-
tion as depicted in figure 3 shows for the purpose of sim-
plicity only a reduced number of light sources 32 and
image sensors 34, but corresponds in principle to the
depiction of figure 2.

[0022] For projecting the image on the image sensor
34 an optical imaging element 44 is placed in front of the
image sensor 34 (cf. figure 4). In the depicted example
of figure 4 the beam shaping element 42 and the optical
imaging element 44 are each lenses, which are incorpo-
rated into transparent cover 24. Thus, the transparent
cover 24 is a common carrier for the beam shaping ele-
ment 42 and the optical imaging element 44. The trans-
parent cover 24, the beam shaping element 42 and the
optical imaging element 44 can thus be manufactured by
single process, for example injection molding. A further
advantage of such integration of the beam shaping ele-
ments 42 and the optical imaging element 44 is that the
orientation and position of the optical axis 43 of the beam
shaping element 42 and optical axis 45 of the optical
imaging element 44 are defined by their common man-
ufacturing process and there is thus no need for a difficult
and time consuming adjusting process of the optical axes
43, 45 of the camera and the light beam emitted by the
lamp.

[0023] In the detail in figure 4 the beam shaping ele-
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ment 42 and the optical imaging element 44 have the
same imaging function. This imaging function is in prac-
tice a result of a desired light distribution of the lamp 10,
which may vary from application to application and may
yield severe distortions of the image projected on image
sensor 34by the optical imaging element 44. These dis-
tortions can be reduced by applying the inverse mapping
of the imaging function to the image captured by the im-
age sensor. The inverse mapping can be performed by
some controlling unit, for example a controlling unitinside
the housing or some external controlling unit. Different
from the depicted examples may the beam shaping ele-
ment(s) and the optical imaging element(s) have different
mapping functions and thus different shapes.

[0024] Infigure 5 adetail of slightly different street lamp
is depicted. A light source 32 (a LED) and an image sen-
sor 34 are mounted to a printed circuit board 30 as sup-
port. A beam shaping element 42 and an optical imaging
element 44, briefly as well referred to as "lenses", are
preferably directly attached to the printed circuit board
30 in front of the light source 32 and in front of the image
sensor 34, respectively. In this example the printed circuit
board 30 is a common carrier for the beam shaping ele-
ment 42, the optical imaging element 44, the light source
32 and the image sensor 34. These components can be
placed quickly and very accurately with standard pick
and place machines. The orientations of the components
are defined by the surface of the support, i.e. in this ex-
ample the mounting surface 31 of the printed circuit board
30. It is thus not necessary to adjust the orientations of
the components after they are placed. In front of the lens-
es 42, 44 is the transparent cover 24. The distance ¢
between the light source and the image sensor is pref-
erably biggerorequal tothe d1+sin(a) + d2+sin(B) wherein
d1is the distance between the light source and the trans-
parent cover, o is half of the angle of beam spread of the
combination of the light source 32 and the beam shaping
element 42, d2 is the distance between the image sensor
and the transparent cover and § half of the aperture angle
ofthe opticalimaging element43. Such chosen distances
permits to avoid that light from the light source is reflected
by the transparent cover on the image sensor.

[0025] Infigure 6 a detail of slightly different street lamp
is depicted. The difference with respect to the previous
examples is that the transparent cover has a protrusion
50. The protrusion 50 permits a steeper entrance angle
of the light emitted by the light source 32. Thereby re-
flections at the transparent cover that might hit the image
sensor and thus reduce the quality of the captured image
can be avoided or at least reduced. The protrusion 50
has a light source facing surface. The light source facing
surface may couple light, e.g. the edge beam 61 of the
light source 32 into the transparent cover. The transpar-
ent cover may have a recess 53 at the opposite side for
coupling out the light and for directing it towards an object
to be lighted, e.g. ground 4.

[0026] Figure 7 depicts a further embodiment for ar-
ranging beam shaping elements, like the one indicated
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with reference numeral 42 and optical imaging elements,
like the one indicated with reference numeral 44 on or
more precisely at a common carrier 40. The common
carrier can be supported by the housing body 22.

[0027] Figure 8 depicts an example for mounting a light
source, like a LED 32 and an image sensor 34 to a com-
mon printed circuit board 30. The printed circuit board
has a first layer 35 with a first thermal conductivity coef-
ficient x4 (€.g. 4 > 0,25 W cm™! K1) at 273K). The first
layer may include for example an aluminum (x,, = 2,38
W cm-1 K-1 at 273K) core. On the ground facing side of
the first layer 35 is a LED 32, thus the heat produced
when operating the light source 32 may be transferred
to some heat sink, e.g. the housing body, by the first layer
35. The first layer 35 has through hole like opening 36.
The rear side of the opening 36 is closed by a second
layer 37 with second thermal conductivity coefficient k5,
wherein k,< k4. For example may the second layer 37
comprise some epoxy compound. A typical thermal con-
ductivity coefficient for a glass epoxy compound is in the
order of 6.10-3 W cm! K-1. The image sensor 34 may be
supported by the second layer 37 and thus be thermally
decoupled from the first layer and thereby from the light
source 32. The signal to noise ration of the image sensor
34 is thereby enhanced. In the depicted example is the
second layer 37 positioned at the opposite of side of the
light source 32 on the first layer 35. The image sensor
34 faces into the same direction as the light source 32.
Thus, the image sensor 34 protrudes into the through
hole 36 and stray light on the image sensor is reduced.
[0028] The detail in figure 9 shows a housing body 22
as heat sink, being in a surface-to-surface contact with
the rear side of a first layer 35 of a printed circuit board.
On the front side of the first layer 35 are light sources 32.
The first layer 35 has a first thermal conductivity coeffi-
cientk,. The first layer 35 has a through hole like opening
36, being bridged by a second layer 37 having a second
first thermal conductivity coefficient «, (preferably x>
ko). The second layer 37 overlaps the opening 36 and is
mounted to the front side of the first layer 35. The second
layer 37 supports an image sensor 34. Thus, the image
heat transfer from the light sources 32 to the image sen-
sor is reduced. In this sense, the image sensor 34 is
thermally decoupled from the light sources 32. A trans-
parent cover 24 with integrated beam forming means 42
and an optical imaging element 44 faces the light sources
32 and the image sensor 44. Detail in figure 9 shows only
one image sensor 34, but of course may the full lamp
comprise more than only one image sensor 34, prefera-
bly being mounted similarly as the depicted one.

[0029] The detail in figure 10 shows a housing body
22 as heat sink, being in a surface-to-surface contact
with a first area 38 of the rear side of a printed circuit
board 35. Two light sources 32 are mounted to the front
side 31 of the first area 38. An image sensor 34 is mount-
ed in between of the light sources 32 on a second area
39 of the printed circuit board 30. The heat sink is not in
surface-to-surface contact with the second are of the
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printed circuit board, as a recess 23 spans over the sec-
ond area 39. The boundary between the first area and
the second area 39 is sketched by dashed lines 33
List of reference numerals

[0030]

4 ground

5 lamp post

10 lamp

12 compartment

20 housing

22  housing body/heat sink

24  transparent cover

26  rim/support structure

30  printed circuit board/support

31 mounting surface / front side

32 light source / LED

33  dashed line

34  image sensor

35 first layer

36  opening

37  second layer

38 firstarea

39 second area

40  carrier

42 beam shaping element/ lens

43  optical axis of light source

44  optical imaging element /lens

45  optical axis of image sensor /camera

50 protrusion

53  recess for coupling out light
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edge beam

Claims

1.

A lamp (10) for lighting a street, comprising at least:

- a support (30), supporting a at least one light
source (32) and at least one image sensor (34),
- atlast one beam forming means (42) for direct-
ing light being emitted by the light source (32)
to obtain a given light distribution,

- at least one optical imaging element (44) for
projecting images onto the image sensor (34),

characterized in that

the beam forming means (42) and the optical
imaging element (44) are arranged on a com-
mon carrier (24, 30, 40).

The lamp of claim 1,
characterized in that
the support is a printed circuit board (30).

The lamp of claim 1 or 2
characterized in that
the support (30) is the common carrier.

The lamp of claim of any one of the preceding claims
characterized in that
the lamp further comprises a housing (20) with at
least one housing body (22) and an at least partially
transparent cover (24).

The lamp of claim 4,

characterized in that

the transparent cover (24) includes the beam forming
means (42) and the optical imaging element (44) for
projecting an image as common carrier.

The lamp of any one of the preceding claims,
characterized in that

the lamp (10) comprises at least one driving means
for driving at least one of the at least one light source
(32) and the at least one image sensor (34), wherein
the driving means are thermally isolated from the at
least one light source (32).

The lamp of claim 6 with one of claims 4 or 5,
characterized in that

the driving means are positioned in a separate com-
partment (12), wherein the separate compartment
(12) is configured for being attached to a lamp post
(5) and wherein the separate compartment (12) sup-
ports the housing (20).

The lamp of any one of the preceding claims
characterized in that,
the at least one light source (32) and the atleast one
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image sensor (34) are mounted on a front side (31)
of a first area 38 of the support (30), wherein a rear
side of said at least one first area (38) is in a surface-
to-surface contact with at least one heat sink (22).

The lamp of claim 8

characterized in that

the heat sink (22) has a recess on its support facing
side, such that the heat sink (22) is not in a surface-
to-surface contact with at least one second area 39
of the rear side of the support (30), supporting the
least one image sensor (34).
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