Method and Apparatus For Generating an Infrared lllumination Beam with a

Variable lllumination Pattern
Field

This disclosure relates generally to a method for generating an infrared ("IR")
illumination beam with a variable illumination pattern, and an IR illuminator for
performing such method. Such IR illuminator can be part of an imaging apparatus
having a zoom lens, and generate an IR illumination beam with an illumination pattern

that varies with the focal length of the zoom lens.
Background

Some conventional security or surveillance cameras use varifocal lenses that aliow an
adjustable field-of-view. When equipped with an IR illuminator, the illumination pattern is
fixed for all focal lengths and is generally optimized for a specific field of view at one
focal length. For field of views that are larger than the optimized field of view, a non-
optimal illumination pattern will appear as a bright spot in the centre of the image,
saturating the sensor in that region and obscuring detail. Conversely, for field of views
that are narrower than the optimized field of view, some of the illumination power will be
projected outside of the imaging area and therefore be wasted. As a result, a less than

optimal IR image is captured by surveillance cameras that use such IR illuminators.
Summary

According to one aspect of the invention, there is provided a method for generating an

infrared (IR) beam for illuminating a scene to be imaged, the method comprising:

(a) providing at least two IR emitters, including a first IR emitter operable to emit
a wide beam component of the IR beam, and a second IR emitter operable to emit a
narrow beam component of the IR beam, wherein the wide beam component has a
linear profile that has a lower standard deviation than a linear profile of the narrow beam

component;



(b) determining a current focal length, and using a processor, automatically
selecting a power ratio of power directed to the first IR emitter and power directed to the
second IR emitter that produces the IR beam with a desired linear profile for the
determined current focal length when the narrow beam component and wide beam
component are combined, wherein the power ratio is selected from a beam profile-to-
focal length map comprising a series of focal length increments and their corresponding

power ratios that produce an IR beam with the desired linear profile; and

(c) producing the IR beam by directing power to the first and second IR emitters
at the selected power ratio to generate the wide and narrow beam components, and

combining the generated wide and narrow beam components.

la



The method can further comprise imaging the scene at a selected focal length, wherein
the selected focal length has an associated field of view. The desired linear profile for
the selected focal length has a standard deviation that is less than or equal to the target
standard deviation and a highest available irradiance within the field of view. The
highest available irradiance can be the power ratio having the highest proportion of
power directed to second IR emitter and which produces an IR beam with a standard

deviation less than or equal to the target standard deviation.

The method can further comprise imaging the scene at different focal lengths each
having a respective different field of view, and producing an IR beam with a desired
linear profile corresponding to each different focal length. Each desired linear profile has
a standard deviation that is less than or equal to the target standard deviation and the
highest available irradiance for the field of view associated with the corresponding focal

length.

The imaging can be performed by an imaging apparatus having a zoom lens with
variable focal lengths, in which case the method comprises determining a current focal
length of the zoom lens, selecting the desired linear profile corresponding to the current
focal length, producing an IR beam at the desired focal length, and imaging a scene
illuminated by the IR beam at the current focal length. Selecting the desired linear

profile corresponding to the current focal length can comprise accessing a beam profile-



to-focal length map comprising a series of focal length increments and their
corresponding desired linear profiles, and seiecting the linear profile in the map with a

corresponding focal length increment equal to the current focal length.

According to a second aspect of the invention, there is provided an apparatus for

illuminating a scene to be imaged with infrared (IR) radiation, comprising:

(a) at least two IR emitters, including a first IR emitter operable to emit a wide
beam component of the IR beam, and a second IR emitter operable to emit a narrow
beam component of the IR beam, wherein the wide beam component has a linear
profile that has a lower standard deviation than a linear profile of the narrow beam

component;

(b) at least two current drivers, including a first current driver coupled to the first

IR emitter, and a second current driver coupled to the second IR emitter; and

(c) processing circuitry communicative with the current drivers to instruct each
current driver to deliver a selected amount of power to the coupled IR emitter, and
comprising a processor and a memory having encoded thereon: (i) a beam profile-to-
focal length map comprising a series of focal length increments and their corresponding
power ratios, wherein each power ratio is a ratio of power directed to the first IR emitter
and power directed to the second IR emitter that produces an IR beam with a desired
linear profile for the corresponding focal length increment when the narrow beam
component and wide beam component are combined; and (ii) program code executable
by the processor to select a power ratio for a determined current focal length by
selecting from the beam profile-to-focal length map the power ratio corresponding to the
focal length increment matching the determined current focal length; and control the
current drivers to direct power to the first and second IR emitters at the selected power
ratio to generate the wide and narrow beam components and combine the generated

wide and narrow beam components.



The apparatus can further comprise an imager communicative with the processing
circuitry, a zoom lens having variable focal lengths and being optically coupled to the
imager, and a lens driver communicative with the zoom lens and the processing
circuitry. The memory can further comprise a beam profile-to-focal length map
comprising a series of focal length increments of the zoom lens and their corresponding

desired linear profiles.

According to another aspect of the invention, there is provided a method for generating
a beam profile-to-focal length map for use in an apparatus that illuminates a scene with
an infrared (IR) beam composed of a wide beam component and a narrow beam
component, wherein the apparatus comprises at least a first IR emitter operable to emit
the wide beam component and a second IR emitter operable to emit the narrow beam
component, and wherein the wide beam component has a linear profile that has a lower
standard deviation than a linear profile of the narrow beam component; the method

comprising:
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(a) for each focal length increment in a group of focal length increments,
determining a suitable wide beam-to-narrow beam power ratio of power directed to the
first IR emitter and power directed to the second IR emitter that produces an IR beam
with a desired linear profile for the focal length increment when the narrow beam

component and wide beam component are combined; and

(b) storing the determined suitable wide-beam-to-narrow-beam power ratio and

corresponding focal length increment in a database readable by the apparatus.

According to another aspect of the invention, there is provided an apparatus for

illuminating a scene to be imaged with infrared (IR) radiation, comprising:

(a) at least two IR emitters, including a first IR emitter operable to emit a wide
beam component of the IR beam, and a second IR emitter operable to emit a narrow
beam component of the IR beam, wherein the wide beam component has a linear
profile that has a lower standard deviation than a linear profile of the narrow beam

component;

(b) at least two current drivers, including a first current driver coupled to the first

IR emitter, and a second current driver coupled to the second IR emitter; and

(c) processing circuitry communicative with the current drivers to instruct each
current driver to deliver a selected amount of power to the coupled IR emitter, and
comprising a processor and a memory having encoded thereon program code for
generating a beam profile-to-focal length map, and for using the map to instruct the IR
emitters to produce an IR beam with a suitable wide beam-to-narrow beam power ratio
of power directed to the first IR emitter and power directed to the second IR emitter,
wherein the program code for generating the map comprises: (i) for each focal length
increment in a group of focal length increments, determining a wide beam-to-narrow
beam power ratio that produces an IR beam with a desired linear profile for the focal
length increment when the narrow beam component and wide beam component are
combined and selecting this determined power ratio as the suitable wide beam-to-

narrow beam power ratio; and (ii) storing the suitable wide beam-to-narrow beam power
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ratio and corresponding focal length increment in a database readable by the

processing circuitry.
Brief Description of Drawings

Figure 1 is a schematic block diagram of components of an imaging apparatus with a

zoom adaptive IR beam according to one embodiment of the invention.

Figure 2 is a perspective view of the imaging apparatus embodied as a security camera.
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Figure 3 is a flow chart showing steps performed by a program for generating an IR
beam with a linear profile that varies with focal length of a zoom lens of the security

camera.

Figure 4 is a graph of exemplary linear profiles of a wide angle LED set and a narrow
angle LED set of the imaging apparatus at the shortest focal length of a 3 to 9 mm zoom

lens.

Figure 5 is a graph of exemplary focal length to optimal power output of the wide angle
LED set of an imaging apparatus having the linear profiles of the wide and narrow angle
LED sets and zoom lens shown in Figure 4.

Detailed Description

Embodiments of the invention described herein relate to a variable IR illuminator
apparatus and method for generating an IR beam used to illuminate a scene to be
imaged, wherein the IR beam has an illumination pattern with a linear profile that can be
varied. In this description, “illumination pattern” refers to the two-dimensional irradiance
distribution of the IR beam in the scene, and ‘linear profile” refers to the irradiance
distribution of the IR beam along a selected line through the centre of the illumination
pattern. Typically, an IR beam is radially symmetrical in which case the linear profile will
define the characteristics of the illumination pattern. Such a variable IR beam can be
used in an imaging apparatus such as a security camera which comprises a varifocal
(zoom) lens with a variable focal length (zoom). The variable IR illuminator can be part
of the imaging apparatus and be used to vary the linear profile of an IR beam on a
scene captured by the imaging apparatus. The imaging apparatus includes a processor
with @ memory having encoded thereon program code executable by the processor to
vary the linear profile of the IR beam as the focal length of the zoom lens is varied. The
linear profile of the IR beam at a given focal length can be selected to provide improved

uniformity and/or improved irradiance of the IR beam at that focal length, when
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compared to an IR illuminator that produces an illumination pattern having the same

linear profile for all focal lengths.

Having an IR beam with a linear profile that can vary with the focal length of the zoom
lens is beneficial because as a zoom lens zooms in (i.e. the focal length lengthens), the
field of view of a captured image is reduced. To maximize the signal-to-noise ratio of
the captured image, as much of the IR illumination beam’s power shouid be directed
into the field of view as evenly as possible at any given focal length. However, an IR
beam with a fixed illumination pattern (i.e. a beam with a non-varying linear profile) can
only be optimized for the field of view at one particular focal length; this results in
substantial parts of the IR beam being projected outside the field of view at focal lengths
that are longer than the optimized focal length and an IR beam that is uneven with a
bright spot at the centre of the image at focal lengths that are shorter than the optimized
focal length. As will be described in detail below, in embodiments of the imaging
apparatus described herein, the variable IR illuminator comprises at least two IR
emitters which each produce an IR beam of different linear profiles, and which can be
combined at different power ratios to generate an IR beam of different linear profiles;
this enables the imaging apparatus to select an IR beam with a linear profile that is
particularly suited to a particular focal length of the zoom lens. A particularly suited
linear profile is one which meets or is below a target standard deviation and/or meets or

exceeds a target irradiance.

Referring now to Figure 1, an imaging apparatus 10 according to one embodiment
comprises the following major components: a zoom lens 12, an imager 14 optically
coupled to the zoom lens 12, a lens driver 16 mechanically coupled to the zoom lens 12
and operable to change the focal length of the zoom lens, an IR illuminator 18
comprising a pair of IR emitters 18(a), 18(b) each producing an IR beam with a different
linear profile (respectively, “wide angle IR emitter” 18(a) and “narrow angle IR emitter’
18(b)), a current driver 20(a), 20(b) for each IR emitter 18(a), 18(b), and control and
processing circuitry 22 communicative with the imager 14, lens driver 16, and current
drivers 20(a), 20(b).
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While Figure 1 shows an embodiment with only a pair of IR emitters 18(a), 18(b), other
embodiments can features more than two IR emitters each producing an IR beam of a
different linear profile, and which can be combined to produce an IR beam with a

variable linear profile.

Referring to Figure 2, the imaging apparatus 10 can be embodied as a security camera
or surveillance camera. The security camera 10 has a housing 30 which houses the
aforementioned major components of the imaging apparatus 10, and a movable mount
32 for mounting the camera 10 to a surface such as a ceiling. The zoom lens 12 is
mounted at the front of the camera 10, and a printed circuit board (*PCB”, not shown) is
also mounted at the front of the camera 10 around the zoom lens 12; the wide angle IR
emitter 18(a) and narrow angle IR emitter 18(b) are respectively mounted on this PCB
and face the same direction as the zoom lens 12 and serve to illuminate the field of view
of the zoom lens with infrared light. The IR emitters 18(a), 18(b) are aligned such that
ilumination pattern produced by each IR emitter 18(a), 18(b) is centred on the same
location in the field of view, and more particularly, at the centre of the field of view of the
zoom lens 12. The imaging apparatus 10 can be electrically coupled to a power source
such as a nearby electrical outlet (not shown) and is configured with a maximum power
rating that defines the total available power that can be sent to the IR emitters 18(a),
18(b).

Each IR emitter 18(a), 18(b) in this embodiment comprises a set of infrared emitting
diodes (IRED) 34. Such IRED sets are known in the art; one suitable such IRED set
comprises a pair of Osram SFH4715S IREDs. Each IR emitter 18(a), 18(b) also
comprises a lenslet 36 for each IRED 34; the lenslet 36 is configured to shape the IRED
emission into an IR beam having an illumination pattern with a particular linear profile. In
particular, the lenslets 36 for the wide angle IR emitter 18(a) will produce an IR beam
with a linear profile that is relatively widely dispersed (hereinafter referred to as the
‘wide beam component”), and the lenslets 36 for the narrow angle IR emitter 18(b) will
produce an IR beam with a linear profile that is relatively narrowly dispersed, i.e.
(hereinafter referred to as the “narrow beam component”). Such lenslets are known in

the art; one suitable such lenslet can be provided by Ledil.
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The current drivers 20(a), 20(b) are designed to regulate the current delivered to the IR
emitters 18(a), 18(b). The current drivers 20(a), 20(b) can be controlied to deliver all of
the total available power to one or the other of the IR emitters 18(a), 18(b), or vary the
power ratio between the two emitters 18(a), 18(b). Such current drivers are known in
the art; one suitable such current driver is the AL8805 Buck LED Driver by On
Semiconductor. The current drivers 20(a), 20(b) are each communicatively coupled to a
respective general purpose input/output (GP10) pin 38(a), 38(b) on a circuit board inside
the housing which contains the processing circuitry 22 (otherwise known as main
system on chip (SoC)) of the surveillance camera 10. The SoC 22 includes a processor
and a memory (CPU) 40 having encoded thereon program code that is executed by the
processor to operate the security camera 10. This program code includes instructions
for sending a control signal from each GPIO pin 38(a), (b) to each current driver 20(a),
20(b) to produce the IR beam. As will be described in detail below, the program code
also includes instructions for combining the wide and narrow beam components in a
manner that produces a combined IR beam with a linear profile that is suitable for a
particular focal length of the zoom lens 12.

The processing circuitry 22 also comprises an interface bus with pins 42, 44 that are
communicatively coupled to the lens driver 16 and imager 14. The imager 14 is
configured to capture light in the infrared spectrum, and can be for example, a digital
sensor such as a complementary metal-oxide-semiconductor (CMOS) sensor. The
specifications of the imager 14 and the zoom lens 12 can be selected based on an
operator's requirements and performance expectations. Operation of zoom lenses and
imaging sensors in a surveillance camera are well known In the art and thus the
operation of the imager 14, lens driver 16 and zoom lens 12 are not described in further
detail here.

Referring now to Figure 3, the program code stored on the memory of the CPU and
executable by the processor of the CPU includes instructions for performing a method
for generating an IR beam with a linear profile that varies with focal length of the zoom
lens (“zoom adaptive IR beam”). Mare particularly, the program code when executed

selects a power ratio of the wide beam component to the narrow beam component to
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produce an IR beam with a linear profile that suits a particular focal length of the zoom
lens. The program code comprises the following steps:

(@) read lens driver 16 to determine current focal length of the zoom lens;

(b) read a beam profile-to-focal length map to determine the linear profile of the IR
beam that is associated with the current focal length; and

(€) send control signals to each current driver 20(a), 20(b) at the power ratio
associated with the determined linear profile, to generate an IR beam having the

determined linear profile.

The beam profile-to-focal length map is a database comprising the IR beam linear
profile and associated power ratio for each focal length increment of the zoom lens.
The IR beam linear profile and associated power ratio can be determined for each focal
length increment by carrying out the following steps:

First, the security camera 10 captures two images with the zoom lens 12 at the shortest
focal length f (step 100). The first image (“img1”) is captured using an IR beam with all
of the available power sent to the wide angle IR emitter 18(a) and no power sent to the
narrow angle IR emitter 18(b) (“W@100%, N@0%"); in other words, the power ratio of
the wide beam component to the narrow beam component (“wide / narrow beam power
ratio”) of this IR beam is 100:0. The second image (“img2”) is captured using an IR
beam with a wide / narrow beam power ratio of 0:100 ("“W@0%, N@100%"). The first
image thus corresponds to the wide beam component emitted by the wide angle IR
emitter 18(a), and the second image corresponds to the narrow beam component
emitted by the narrow angle IR emitter 18(b). Then, the linear profiles of the first and
second images (“LinearProfile(img1)’, “LinearProfile(img2)’) are determined by
determining the IR irradiance / at each pixel P across the width of each image, wherein
each image has an image width of n pixels. The linear profiles are stored in a database

on the memory (step 102).

Then, a series of steps are carried out that determine a suitable wide / narrow beam

power ratio of the IR beam for each focal length increment, starting at the shortest focal
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length f (“minimumFocallLength”) and advancing in selected increments f’ to the longest
focal length. A suitable wide / narrow beam power ratio is one which produces an IR
beam having the maximum IR power delivered to the field of view at focal length f and a
linear profile that has a standard deviation that is below a target standard deviation.
The target standard deviation can be empirically derived (step 104), and can be
selected to produce an acceptably even distribution of IR intensity across the image
width.

Starting at the shortest focal length f (step 106), the field of view is determined for each
focal length increment f. As the field of view decreases as a function of increasing
focal length, the field of view FOV at a focal length increment f can be approximated by

the following equation:
FOVr = [n(1-/f)12 .. n(1+/f)/2]

Once the field of view at the focal length increment f has been determined, the linear
profile for the narrow beam component Ly, »; and wide beam component Ly p1_ny @t this

focal length is determined (step 108) and stored in the memory.

For each focal length increment £, the linear profile of the combined IR beam at different
wide / narrow beam power ratios is iteratively determined until a power ratio is found
which produces an IR beam having a standard deviation that is smaller than the target
standard deviation. This determination is performed in an iterative loop starting with a
wide / narrow beam power ratio of 0:100 (“powerWide=0%, powerNarrow=0%") (step
110) and iterating through a selected number of power ratios of decreasing increments
of the power to the narrow angle emitter. The increment intervals can be selected
depending on the factors such as desired processing speed, and can for example be
20% resulting in six power ratios 0:100, 20:80, 40:60, 60:40, 80:20, and 100:0. The
linear profile of the combined IR beam at each power ratio is determined by taking the
weighted average L. of the wide and narrow beam linear profiles L, and Ly at the
selected power ratio (step 112). Then, the standard deviation of the linear profile of the
combined IR beam is determined (step 114) and compared to the target standard

deviation (step 116). If the determined standard deviation is not less that the target
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standard deviation and the selected power ratio is not 100:0, the next power ratio is
selected (by reducing the narrow beam component power by 20% and increasing the
wide beam component power by 20%) (step 118) and the method returns back to step
112 wherein the linear profile of the combined IR beam is calculated again at the next

power ratio.

As noted above, the target standard deviation represents an acceptable distribution of
the IR beam across the image width. By starting with a wide / narrow beam power ratio
of 0:100 at the shortest focal length and reducing the power to the narrow beam
component with each increasing increment of focal length until a power ratio is found
with a standard deviation below the target standard deviation, the combined IR beam
should have the maximum IR power (maximum irradiance) deliverable to the field of
view of the camera for the available power ratio combinations, since that power ratio will

provide the maximum possible power to the narrow beam component.

Steps 112 to 118 are repeated until a power ratio is found which produces a linear
profile of the combined IR beam with a standard deviation that is less than the target
standard deviation. Once this occurs and provided that the power ratio is not 100:0, an
optimal power ratio for the combined IR beam is determined (step 120) by linearly

interpolating for the target standard deviation according to the following equation:
OptimalPowerWide = powerWide — (100/k) X(Tsiq — stddev)/(lastStddev — stddev)
wherein
OptimalPowerWide is the optimal power % of the wide beam component;

powerWide is the power % of the wide beam component at the power ratio that
produces a standard deviation (stdDev) below the target standard deviation (the
power % of the narrow beam component can be easily calculated as 100% - power

% of the wide beam component);

Teq is the target standard deviation; and

10
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lastStddev is the standard deviation at the power ratio immediately preceding the

power ratio associated with stdDev.

If the power ratio is 0:100, then the optimal power ratio is deemed to be 0:100 and the
linear interpolation step is not performed (Step 121).

Once the optimal power ratio is determined, this value along with the corresponding
focal length ' is saved in the map (step 122), and the method advances to the next focal
length increment ' (step 124) and the method returns back to step 106 to determine the
optimal power ratio of the combined IR beam at the next focal length increment 7. Once
the method has advanced through all the focal iength increments, the beam profile-to-
focal length map is produced representing the optimal power ratios for the combined IR
beam at each focal length increment 7.

in an alternative embodiment, the beam profile-to-focal length map can be generated
empirically by projecting multiple combinations of power ratios for the wide and narrow
beam components at each focal length, and manually selecting the power ratio that
produces an IR beam with a linear profile with an acceptable standard deviation and
irradiance.

According to another embodiment (not shown), an IR illuminator can be provided with
the same wide and narrow angle IR emitters 18(a), 18(b) as in embodiment shown in
Figures 1 to 3 to produce an IR beam with a variable linear profile, but this IR illuminator
does not form part of an imaging apparatus. This IR illuminator can, for example, be an

external IR illuminator that is used in conjunction with an IR security camera.

As this IR illuminator is not part of an imaging apparatus, the processing circuitry of the
IR illuminator does not necessarily need to include instructions for varying the IR
beam’s linear profile with the focal length of the imaging apparatus’ zoom lens. Instead,
the IR illuminator can be provided with a user interface which allows an operator to
manually select a desired linear profile for the IR beam. Alternatively or additionally, the
IR illuminator can be provided with a wireless communications means like Wi-Fi, or a

communications port for connecting an Ethernet or other communications cable to an
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imaging apparatus, to allow the IR illuminator to communicate with the imaging
apparatus. The processing circuitry of the IR illuminator or the connected imaging
apparatus can be programmed with the beam profile-to-focal length map, as well as
with program code which causes the IR illuminator to generate an IR beam with a linear

profile that varies with the focal length of the imaging apparatus’ zoom lens.

Examples

Referring now to Figures 4 and 5, the linear profiles of the wide and narrow beam
components are shown for a security camera having a 3 to 9 mm zoom lens, and image
width n of 2015 pixels. The irradiance level at each pixel n is recorded as a pixel value
of the image sensor, which in this case has 255 different pixel values for each pixel. It
can be seen in Figure 4 that the standard deviation of the narrow beam component is
substantially higher than that of the wide beam component, with a luminous flux peaking

in the centre of the image.

Figure 5 shows a map of wide angle power settings of the IR beam for each focal length
increment . Here it can be seen that over a focal length of 3 to 9 mm, that the power %
of the wide beam component varies from 80% to 20%. This map can be used to
determine the wide / narrow beam power ratio for the IR beam at each focal length

increment F.

While the present invention has been described herein by the preferred embodiments, it
will be understood to those skilled in the art that various changes may be made and
added to the invention. The changes and alternatives are considered within the spirit
and scope of the present invention. For example, while this disclosure has been
directed to IR imaging, the invention can be applied to imaging using other parts of the
electromagnetic radiation spectrum, such as the visible light spectrum In particular, a
visible light illuminator can be provided which is comprised of two or more illuminator
components that produce at least a wide beam component and a narrow beam
component that can be combined to produced a combined visible light illumination
beam of variable linear profile. More particularly, the linear profile of the illumination

beam can be varied with focal length increment of a zoom lens of an imaging apparatus.
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Claims
What is claimed is:

1. A method for generating an infrared (IR} beam for illuminating a scene to be imaged, the
method comprising:

(a) providing at least two IR emitters, including a first IR emitter operable to emit a wide
beam component of the IR beam, and a second IR emilter operable {o emit a narrow beam
component of the IR beam, wherein the wide beam component has a linear profile that has a
lower standard deviation than a linear profile of the narrow beam component;

(b) determining a current focal length, and using a processor, automatically selecting a
power ratio of power directed fo the first IR emitter and power directed fo the second IR emitier
that produces the IR beam with a desired linear profile for the determined current focal length
when the narrow beam component and wide beam component are combined, wharein the
power ratio is selected from a beam profile-to-focal length map comprising a series of focal
length increments and their corresponding power ratios that produce an IR beam with the
desired linear profile; and

(c) producing the IR beam by directing power to the first and second IR emitters at the
selected power ratio to generate the wide and narrow beam components, and combining the
generated wide and narrow beam components.

2. A method as claimed in claim 1 wherein the generated wide and narrow beam
componenis are combined by directing the cenfres of the wide and narrow beam components
on the same location in the scene.

3. A method as clalmed in claim 2 wherein the desired linear profile of the IR beam has a
standard deviation that is less than or equal to a target standard deviation.

4, A method as claimed in claim 3 further comprising imaging the scene at a selected focal
length, wherein the selected focal length has an associated field of view, and the desired finear
profile for the selected focal length has a standard deviation that is less than or equal o the
target standard deviation and a highest available irradiance within the field of view.

5. A method as claimed in claim 4 wherein the highest available irradiance is the power
ratio having the highest proportion of power directed fo second IR emitter and which produces
an IR beam with a standard deviation less than or equal to the target standard deviation.

B. A method as claimed in claim 5 further comprising imaging the scene at different focal
lengths sach having a respective different field of view, and producing an IR beam with a
desired linear profile corresponding to each different focal length, wherein each desired linear
profile has a standard deviation that is less than or equal 1o the target standard deviation and
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the highest available irradiance for the field of view associated with the corresponding focal
length,

7. A method as claimed in claim 6 wherein the imaging is performed by an imaging
apparatus having a zoom lens with variable focal lengths, and the method comprises
determining a current focal length of the zoom lens, selecting the desired linear profile
corresponding to the current focal length, producing an IR beam at the desired focal tength, and
imaging a scens llluminated by the IR beam at the current focal length.

8, An apparatus for illuminating a scene to be imaged with infrared (IR) radiation,
comprising:

{a) at least two IR emitters, including a first IR emitter operable to emit a wide beam
component of the IR beam, and a second IR emilter operable to emit a narrow beam
component of the IR beam, whersin the wide beam component has a linear profile that has a
jower standard deviation than a linear profile of the narrow beam component;

(b) at least two current drivers, including a first current driver coupled fo the first IR
emitier, and a second current driver coupled to the second IR emitter; and

(c) processing circuitry communicative with the current drivers to instruct each current
driver to deliver a selected amount of power to the coupled IR emitter, and comprising a
processor and a memory having encoded thereon: (i) a beam profile-to-focal length map
comprising a series of focal length increments and their corresponding power ratios, wherein
each power ratio is a ratic of power directed to the first IR emitter and power directed fo the
second IR emitter that produces an IR beam with a desired linear profile for the comesponding
focal length increment when the narrow beam component and wide beam component are
combined; and (ii) program code executable by the processor to select a power ratio for a
determined current focal length by selecting from the beam profile-to-focal length map the
power ratio corresponding to the focal length increment matching the determined current focal
length; and control the current drivers to direct power to the first and second IR smitters at the
selected power ratio to generate the wide and narrow beam components and combine the
generated wide and narrow beam components.

9. An apparatus as claimed in claim 8 wherein the firs! and second R emitters are aligned
such that the wide and narrow beam components are directed at the same location in the
scene.

10.  An apparafus as claimed in claim 8 further comprising an imager communicative with the
processing circuitry, & zoom lens having variable focal lengths and being optically coupled to the

imager, and a lens driver communicative with the zoom lens and the processing circuliry.

11.  An apparatus as claimed in claim 10 wherein the memory further comprises a beam
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profile-to-focal length map comprising a series of focal length increments of the zoom lens and
their corresponding desired linear profiles.

12, A method for genersating a2 beam profile-to-focal length map for use in an apparatus that
luminates a scene with an infrared (IR) beam composed of a wide beam component and a
narrow beam component, wherein the apparatus comprises at least a first IR emitfer operable o
emit the wide beam component and a second IR emitter operable to emit the narrow beam
component, and wherein the wide beam component has a linear profile that has a lower
standard deviation than a linear profile of the narrow beam component; the method comprising:

(a) for each focal length increment in a group of focal length increments, determining a
suitable wide beam-to-narrow beam power ratio of power directed to the first IR emitter and
power directed to the second IR emliter that produces an IR beam with a desired linear profile
for the focal length increment when the narrow beam component and wide beam component
are combined; and

(b) storing the determined suitable wids-beam-to-narrow-beam power ratio and
corresponding focal length increment in a database readabie by the apparaius.

13. A method as claimed in claim 12 wherein the step of determining the suitable wide
heam-to-narrow beam power ratio for the focal length increment comprises determining a power
ratic which produces an IR beam having a maximum IR power delivered to a field of view at the
focal length increment and a linear profile that has a standard deviation that is below a target
standard deviation.

14, A method as claimed in claim 13 wherein determining a wide beam-to-narrow beam
power ratio which produces an IR beam having the maximum IR power comprises performing
an Herative loop starting with a low wide-beam-to-narrow beam power ratic and iterating through
a selected number of power ratic increments of decreasing increments of power o the second
IR emittar, then selecting the lowest power ratio increment that produces a linear profile with a
standard deviation that is less the target standard deviation.

15. A method as claimed in claim 13 wherein after the lowest power ratio increment has
been selected, linsarly interpolating for an optimal power ratic, and using the oplimal power ratio
as the suitable power ratio for the focal length increment in the database.

16.  An apparatus for illuminaling a scene to be imaged with infrared (IR) radiation,
comprising:

{a} at least two IR emifters, including a first IR emitter operable to emit a wide beam
component of the IR beam, and a second IR emitter operable to emit a narrow beam
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component of the IR beam, wherein the wide beam component has a linear profile that has a
lower standard deviation than a linear profile of the narrow beam component;

{b) at teast two current drivers, including a first current driver coupled fo the first IR
amitter, and a second current driver coupled to the second IR emitter; and

{c) processing circuitry communicative with the current drivers to instruct each current
driver to deliver a selected amount of power to the coupled IR emitter, and comprising a
processor and a memory having encoded thereon program code for generating a beam profile-
to-focal length map, and for using the map to instruct the IR emitiers to produce an IR beam
with a suitable wide beam-to-narrow beam power ratio of power directed to the first IR emitter
and power directed to the second IR emitter, wherein the program code for generating the map
comprises: (i) for each focal length increment in a group of focal length increments, determining
a wide beam-to-narrow beam power ratio that produces an IR beam with a desired linear profile
for the focal fength increment when the narrow beam component and wide beam component
are combined and selecting this determined power ratio as the suitable wide beam-io-narrow
heaam power ratio; and (li) storing the suifable wide beam-to-narrow beam power ratio and
corresponding focal length increment in a database readable by the processing circuitry,

17. An apparatus as claimed in claim 16 wherein program code for defermining the suitable
wide beam-to-narrow beam power ratio for the focal length increment comprises determining a
power ratio which produces an IR beam having a maximum IR power delivered to g fisld of view
at the focal length increment and a linear profile that has a standard deviation that is below a
target standard deviation.

18. An apparstus as claimed in claim 17 wherein the program code for determining a wide
beam-to-narrow beam power ratio which produces an IR beam having the maximum IR power
comprises performing an iterative loop starting with a low wide-beam-fo-narrow beam power
ratio and iterating through a selected number of power ratio increments of decreasing
increments of power to the second IR emitter, then selecting the lowest power ratio increment
that produces a linear profile with g standard deviation that is-less the target standard deviation.

19. An apparatus as claimed in claim 18 wherein after the lowest power ratio increment has

been selected, linearly interpolating for an optimal power ratio, and using the optimal power ratio
as the suitable power ratio for the focal length increment in the database,
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