
ELECTROMAGNETIC SHUTTER FOR IMAGING SENSORS FIELD OF
THE INVENTION [0001] The present invention relates to
imaging. More particularly it relates to an
electromagnetic shutter for imaging sensors.
BACKGROUND OF THE INVENTION [0002] In optical systems,
and in particular in imaging systems, such as thermal
cameras, it is needed to provide a shutter that can be
placed in front of the imaging sensor and block its
view when desired, hi an Infra-Red (IR) camera a
shutter is provided for occasional calibration of the
imaging sensor, or for preventing undesired
irradiation from reaching the imaging sensor. [0003]
Calibration is necessary in thermal sensors in order
to ensure accurate measurements and to obtain correct
images. Calibration is especially important in IR
cameras, which have a thermal sensor that is not
cooled to supercool temperatures. [0004] Every once in
a while a uniform surface of a black body is placed in
front of the sensor and the sensor matrix is
calibrated to measure a surface of uniform
temperature. [0005] There are known IR cameras, which
include such an optical shutter. Typically the shutter
comprises a black painted plate, which is displaced
between two positions in front of the sensor -a
blocking position in front of the sensor view and a
retracted position, where the shutter is removed from
the sensor's field of view. [0006] A known shutter
mechanism includes a shutter plate turning about a
motor axis to and out of the blocking position.
Another shutter mechanism includes a shutter plate
coupled to a motor with linear transmission so as to
facilitate linear motion of the shutter between the
two positions. 



[0007] In some cases it is desired to have a shutter
mechanism that is silent in order to prevent exposing
the existence and location of the imaging
system.[0008] It is an object of the present invention
to provide a shutter mechanism for imaging systems,
which electromechanically activated. [0009] Another
object of the present invention is to provide a
shutter mechanism for imaging systems, which is
silent. [0010] Yet another object of the present
invention is to provide a shutter mechanism for
imaging systems, which is reliable, holding the
shutter plate in either of its positions firmly and
stably. [0011] Other advantages and objects of the
present invention will become apparent after reading
the present specification and reviewing the
accompanying figures. SUMMARY OF THE INVENTION [0012]
A shutter mechanism for an imaging system, which is
electromagnetically operated, and which is silent and
reliable. BRIEF DESCRIPTION OF THE DRAWINGS [0013] In
order to better understand the present invention, and
appreciate its practical applications, the following
Figures are provided and referenced hereafter. It
should be noted that the Figures are given as examples
only and in no way limit the scope of the invention.
Like components are denoted by like reference
numerals. [0014] Fig. 1 illustrates an electromagnetic
shutter mechanism assembly for an optical system, in
accordance with a preferred embodiment of the present
invention. [0015] Fig. 2 illustrates an exploded view
of the electromagnetic shutter mechanism shown in Fig.
1. [0016] Fig. 3 illustrates one layer of a
multi-layer electromagnetic coil chip, suitable for 



incorporation in an electromagnetic shutter mechanism
according to a preferred embodiment of the present
invention.[0017] Fig. 4 illustrates an IR camera with
an electromagnetic shutter mechanism, in accordance
with a preferred embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS [0018]
The present invention introduces a shutter mechanism
that has a low profile (small dimensions), which is
electromagnetically actuated, and is silent (or at
least does not produces a noticeable noise when
operated) and highly reliable. The shutter travels
linearly along a straight track. [0019] In principle a
shutter mechanism according to the present invention
comprises a shutter plate, which is coupled to an
electromagnetic coil chip that can travel linearly
between to positions across a confined track. On
either ends of the track a magnet assembly is placed,
in opposing magnetic polarities. When an electric
(direct) current is passed through the coil the
induced magnetic field of the coil aligns with one
magnetic assembly and opposes the magnetic polarity of
the other magnetic assembly, so that the chip is
either attracted by one magnetic assembly and repelled
by the other or repelled by the first magnetic
assembly and attracted by the other, forcing the chip
and hence forcing the shutter to move from one end of
the track to the other in a predetermined manner,
governed by the direction of the induced
electromagnetic field of the coil, which is
controlled. [0020] Reference is made to Fig. 1,
illustrating an electromagnetic shutter mechanism
assembly, indicated by numeral 10, for an optical
system, in accordance with a preferred embodiment of
the present invention. The shutter mechanism assembly
comprises a shutter 24, which is a plate whose color
is black for absorbing light and acting as a black 



body. The shutter plate 24 is coupled to bar 25 (which
may form an integral part, or assembled together),
which can ride across rod 28 forming a track (a
substantially parallel rod 28 is provided opposite
this rod). The track is placed between two opposite
cover plates 12 and is confined between two opposing
end walls 18. A pair of opposite facing magnets is
provided on either side of the track (shown are only
the top magnetsof each pair, designated 2OA and 2OB,
the opposing magnets 22A and 22B shown in Fig. 2), the
two magnets of each pair aligned with respect to their
magnetic polarity (both same direction), the magnet
pairs arranged in opposing magnetic polarities. An
electromagnetic coil (see also Fig. 3), formed on a
chip 26 is provided, coupled to bar 25 of the shutter
24 (in the embodiment shown in this Figure the bar is
provided with a groove into which the edge of chip 26
matchingly fits). Washer 30 is provided on either
sides of each track rod 28, preferably made from an
elastic material serving as a damper to absorb some of
the kinetic energy of the shutter when it bumps into
it, so as to reduce or totally eliminate impact noise.
Alternatively (or in addition) an elastic bumper can
be placed on either ends of the track attached
internally on end walls 18. The washers also serve to
distinctly mark the end of the track and their
predetermined dimensions facilitate accurate
positioning of the shutter on either end. [0021]
Extension of end wall 18 with bore 9 is provided for
fastening the shutter mechanism assembly in a desired
position by screws or pins. [0022] Fig. 2 illustrates
an exploded view of the electromagnetic shutter
mechanism shown in Fig. 1. Cover plates 12 are
provided with bores 17 through which pins (or screws)
13 are inserted passing into bores 15 of end walls 18,
thus rigidly forming a housing for the track. Bar 25
is provided with bore 32 across into which rod 28 is
inserted and on which bar 25 may ride, and the ends of
each rod 28 are inserted in bores 



3 1 of end walls 18. While bar 25 rides across one of
the rods 28, chip 26, which is coupled to bar 25, sits
and rides over both rods. [0023] A ferroelectric
element 40 is provided on chip 26, so that when the
chip resides between either of the magnet pairs it is
held firmly due to the magnetic forces, which act on
the ferromagnetic element. This facilitates holding
the shutter on either sides of the track firmly and
stably, while maintaining the electromagnetic coil
idle (no current is passed through the coil). [0024]
When current is passed through the coil it is repelled
by one magnet assembly and repelled by the other,
forcing the shutter to move to the one end of the
track whereas when the current through the coil is
reversed the shutter is forced to move to the opposite
end of the track.[0025] Fig. 3 illustrates one layer
of a multi-la3^er electromagnetic coil chip 26,
suitable for incorporation in an electromagnetic
shutter mechanism according to a preferred embodiment
of the present invention. A multi-layer coil is formed
in order to gain a electromagnetic field that is
sufficient to influence the chip to move across the
track. Each layer comprises a spiral conductive
element 34 embedded in that layer and insulated from
spiral conductive elements of adjacent layers.
Contacts 27 and 29 facilitate inter-layer electrical
connection between the spiral elements 34. Electrical
wires 16 (see Fig. 1 and Fig. 2) are used to supply
electrical current to the coil. In one alternative
embodiment of a multi-layer electromagnetic coil chip,
according to a preferred embodiment of the present
invention, all of the coils (of all layers) are
designed to induce an electromagnetic field hi the
same direction, and the shutter is driven from one end
of the track to the opposite end by switching the
electric polarity of the coil assembly. In an
alternative embodiment some of a second coil assembly
is 



provided on the chip, whose induced electric field is
opposite to the first one, in which case in order to
change the induced electromagnetic field of the chip
the coil assemblies are operated alternately. [0026] A
proposed operation scheme comprises generating
electric pulse of predetermined duration in a
predetermined direction (by a controller 42, see Fig.
1) so as to force the shutter to move in a desired
direction and move to a chosen end of the track, and
then a substantially shorter pulse of reversed
electrical polarity to induce counter forces and
reduce the kinetic energy of the shutter and chip and
cause an inhibited impact on the end wall 18, thus
eliminating, or greatly reducing impact noises. Same
sequence, but with reversed polarity is applied when
it is desired to move the shutter to the other end of
the track. [0027] Fig. 4 illustrates an IR camera 60
with an electromagnetic shutter mechanism 10, in
accordance with a preferred embodiment of the present
invention. The shutter 24 is placed in front of the
imaging sensor and in a first position covers the
field of view of the sensor and in a second position
is retracted so that it does not obstruct the field of
view of the sensor. Magnet element 62 is optionally
provided, aimed at cooperate with a hall-effect
sensor, which is capable of identifying the presence
of the magnetic elementin position, and if it moves
(due to shakes or jolts) electric current is passed
through the coil to force the shutter back in place.
[0028] The shutter mechanism of the present invention
is made to maintain a lowprofile and takes up very
small space, relatively to other shutter assemblies.
It is a very accurate and reliable mechanism. [0029]
It should be clear that the description of the
embodiments and attached Figures set forth in this
specification serves only for a better understanding
of the invention, 



without limiting its scope. [0030] It should also be
clear that a person skilled in the art, after reading
the present specification could make adjustments or
amendments to the attached Figures and above described
embodiments that would still be covered by the present
invention.CLAIMS 1. A shutter mechanism for an optical
system, the shutter mechanism comprising: a linear
track having a first end and a second end; a first
magnetic assembly located adjacent the first end of
the track and a second magnetic assembly located
adjacent the second end of the track, the two magnetic
assemblies arranged in opposite polarities; a shutter
plate coupled to a coil mounted on and movable across
the track, whereby when a direct electric current is
passed through the coil in one direction the shutter
is forced to move to the first end of the track,
whereas when a direct electric current is passed
through the coil in an opposite direction the shutter
is forced to move to the second end of the track. 2.
The shutter mechanism as claimed in claim 1, wherein
the shutter plate comprises a black-colored plate. 3.
The shutter mechanism as claimed in claim 1, wherein
the shutter plate is coupled to a bar, which is
adapted to ride across a rod forming the track. 4. The
shutter mechanism as claimed in claim 1, wherein the
track is provided in a housing. 5. The shutter
mechanism as claimed in claim 1, wherein the housing
comprises two substantially opposite cover plates, the
track confined by two substantially opposing end
walls. 



6. The shutter mechanism as claimed in claim 1,
wherein the magnetic assemblies comprise, each, a pair
of substantially opposite magnets whose magnetic
polarity is aligned substantially in the same
direction.7. The shutter mechanism as claimed in claim
I 5 wherein the coil comprises a coil formed on a
chip. 8. The shutter mechanism as claimed in claim I 5
wherein a damper is provided on either sides of the
track. 9. The shutter mechanism as claimed in claim 8,
wherein the damper comprises a washer. 10. The shutter
mechanism as claimed in claim I 5 wherein a
ferromagnetic element is coupled to the coil. 11. The
shutter mechanism as claimed in claim 1, wherein the
coil comprises a multi-layered coil. 12. The shutter
mechanism as claimed in claim 11, wherein all coil
layers are designed to induce an electromagnetic field
in substantially same direction. 13. The shutter
mechanism as claimed in claim 115wherein the coil is
provided with a first coil assembly and a second coil
assembly, the electromagnetic field induced by the
first coil assembly being substantially opposite to
the electromagnetic field induced by the second coil
assembly. 14. The shutter mechanism as claimed in
claim 1, further provided with a controller for
controlling timing, duration and direction of the
electric current through the coil. 15. The shutter
mechanism as claimed in claim I 5 incorporated with
and placed in front of an imaging sensor.16. A method
for providing accurate and synchronized optical
shutter the method comprising: 



providing a shutter mechanism for an optical system,
the shutter mechanism comprising: a linear track
having a first end and a second end; a first magnetic
assembly located adjacent the first end of the track
and a second magnetic assembly located adjacent the
second end of the track, the two magnetic assemblies
arranged in opposite polarities; a shutter plate
coupled to a coil mounted on and movable across the
track; passing a direct electric current through the
coil in one direction thus forcing the shutter to move
to the first end of the track; and passing a direct
electric current through the coil in an opposite
direction thus forcing the shutter to move to the
second end of the track. 17. The method as claimed in
claim 16, further comprising passing the electric
current in the form of an electric pulse of
predetermined duration in a predetermined direction.
18. The method as claimed in claim 17, wherein the
electric current comprises a pulse of reversed
electric polarity and shorter than earlier pulses. 


