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METHOD AND APPARATUS FOR
CONTROLLING A LENS, AND CAMERA
MODULE INCORPORATING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. Provisional Application No. 60/604,525, filed on
Aug. 25, 2004, the contents of which are incorporated by
reference herein.

FIELD OF THE INVENTION

The present invention relates, generally, to an image cap-
ture system, and in particular embodiments, to an image
capture system that integrates functions within a lens module,
including some of all of the following: lens groups, lens motor
drives, focal plane array, Image Signal Processor (ISP), con-
trol of focus or object distance, zoom, flash, shutter, tempera-
ture compensation, and/or stabilization.

BACKGROUND OF THE INVENTION

Conventional imaging systems (e.g. digital cameras, cam-
era phones, camcorders and other imaging devices and appli-
cations) typically incorporate a camera lens module as part of
the system assembly. This lens module is comprised of a focal
plane array, a mechanical housing, an optics assembly, and an
electrical interface with connector.

FIG. 1 illustrates an exemplary conventional motor driven
lens module 100 (module case represented by dashed line).
The lens groups (focus lens group 102 and zoom lens group
104) within the lens module 100 are illustrative only, as it
should be understood that many different configurations of
lenses may be used within the lens module 100. For example,
ifthe lens is a fixed or prime lens, then only one or more focus
lens groups are present and move for focusing. If the lens is a
zoom lens, then the lens groups act together to provide the
zooming function, and one or more focus lens groups move
for focusing. Additionally, one or more lens groups may be
moved for temperature compensation, image stabilization,
and anamorphic distortion.

A lens group is comprised of one or more lens elements
witha primary purpose of altering the path of electromagnetic
radiation. Elements of a lens can be made from many differ-
ing types and compositions of materials, examples of which
include glass of various compositions, crystals, plastics or
resins, ceramics, liquids, or even a combination. Additionally,
lens elements can be reflective, such as a mirror or prism. The
elements of a lens can be made into different shapes, thick-
nesses, or other properties and can be made and/or combined
with other elements to perform various tasks including focus-
ing, magnification, reduction, reflection, refraction, correc-
tion or creation of regular distortion (including anamorphic
distortion) and correction of lateral color. By altering the
position, shape, transmittance, reflectance, magnetic attrac-
tion, or other properties of the elements, the functions
described above may be performed. For example, moving an
element along an axis perpendicular to the focal plane array
108 (along the primary or optical axis) is useful to provide
focus and/or zoom capability. Similarly, changing the shape
of a liquid or pliable element and/or in combination with
moving it can do the same. Moving or changing the shape of
an element relative to and along the primary axis is useful to
provide image stabilization and temperature compensation.
Sensors may be employed to sense some property of the lens
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2

elements such as position, shape, temperature, magnetic flux,
displacement, humidity, and light. Some example embodi-
ments of lens sensors include linear or rotary encoders, dis-
placement sensors, thermistors, thermocouples, counters,
motion detectors, and accelerometers.

The lens groups of FIG. 1 focus the visible electromagnetic
spectrum or the infrared electromagnetic spectrum onto an
image sensor (e.g. focal plane array) 108 within the lens
module 100. A focal plane array is a device containing one or
more elements that detect or sense electromagnetic radiation
at various wavelengths or in ranges of wavelengths. These
elements can be tuned through a variety of means to sense or
detect, for example, the human visible light spectrum as
would be used in digital photography and video. They can
also be tuned to sense or detect infrared light, ultraviolet light,
or other desired wavelengths or bands of wavelengths. Some
example embodiments of focal plane arrays include charge
coupled devices (CCDs), Complementary Metal Oxide
Semiconductor (CMOS) active pixel sensors, CMOS active
column sensors, quantum dot focal plane arrays, and gallium
arsenide infrared arrays. Examples of focal plane arrays are
found in U.S. Pat. No. 6,084,229, U.S. Pat. No. 5,471,515,
and U.S. Pat. No. 4,054,797, the contents of which are incor-
porated by reference herein.

In FIG. 1, raw image data 106 captured on the focal plane
array 108 is transferred to an ISP 110. The ISP 110 is used to
convert the raw image data 106 into usable still or video
images that can be stored, printed, displayed, or further ana-
lyzed. The ISP 110 runs various algorithms for this purpose.
As an example, the ISP 110 may run one or more algorithms
to perform various image processing tasks including, but not
limited to: automatic dark reference, color filter de-mosaic-
ing, white balance, color correction, color space conversion,
and compression. The ISP 110 can be implemented by algo-
rithms running on a standalone processor such as a Digital
Signal Processor (DSP), algorithms running in a program-
mable semiconductor device such as Field Programmable
Gate Array (FPGA), algorithms integrated directly into logic
such as an Application Specific Integrated Circuit (ASIC), a
combination of the aforementioned or other embodiments.
Examples of ISPs are Faraday Technology Corporation’s
FTISP100S 2-Megal Pixel ISP, and Mtekvision’s MV9313
ISP.

Processed image data 112 from the ISP 110 is then trans-
ferred to a system processor 114. The system processor 114
accepts user input 116 to control the zoom lens group and
focus lens group, shown symbolically as two switches for
zoom control, although it should be understood that a number
of different user inputs may be delivered to the system pro-
cessor 114 using a number of different input mechanisms to
control different functions. The system processor 114 then
generates control signals 118, shown symbolically as a focus
control signal and a zoom control signal, although it should be
understood that a number of different control signals may be
generated by the system processor 114. These control signals
are then sent to lens drive electronics 120, which control focus
and zoom lens motor drives 122 within the lens module 100.

The focus and zoom lens motor drives 122 convert electri-
cal energy to mechanical motion to move the zoom lens group
104 and the focus lens group 102, and may also control other
functions of the lens module 100. For example, a motor drive
can provide force to alter the position, shape, or location of
other components within the image capture system. In
another example, a motor drive can be used to change the
shape and/or position of a liquid or pliable lens, change the
physical position of a lens element, open or close a shutter
(e.g. mechanically via an iris or optically via a transmission-
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variable Liquid Crystal Display (LCD)), or provide energy to
an illumination source. Example embodiments include step
motors, servo motors, screws, magnetic repulsion and attrac-
tion, piezoelectric, ultrasonic, flash, and the like. A motor
drive can also comprise a knob, lever, gear, wheel, or other
mechanical device or a combination of mechanical devices
that can be moved manually or moved in combination with
other motor drives. An example embodiment is a rotary knob
that can alter the position of one or more lens elements to
provide a focusing function. Motor drives can be made of
multiple components, some of which can accept control sig-
nals from an ISP or other device that in turn translates these
signals into the appropriate energy needed to provide the
force to alter a property of an element. A simple example of a
motor drive made of multiple components is a step motor
driven screw. The screw drives a nut that is connected to the
element of interest; when the screw turns, the position of the
element changes. A motor such as a stepper is used to turn the
screw. The motor requires energy to turn which is provided by
a translator. The translator interprets control signals from the
ISP or other source and converts these to electrical pulses of
the correct relationship to turn the stepper motor. Another
example is a liquid lens drive. The liquid lens has magnetic
properties such that when one or more external magnetic
fields are applied, the lens can change shape and/or position.
The drive in this case can be a permanent magnet and/or a coil
of wire. When the magnet is moved or the coil of wire is
energized in varying ways, the changing magnetic field
changes the properties of the liquid lens. A translator converts
controls signals from an ISP or other device and converts
these signals into the appropriate energy. An example of a
liquid lens element is found in U.S. Pat. No. 6,369,954, the
contents of which are incorporated by reference herein.

Because recent advances in focal plane array technology
have enabled focal plane arrays to contain more circuitry and
perform more functions, some conventional lens modules
now incorporate the ISP 110 on the same integrated circuit
chip that contains a focal plane array 108 such as a CMOS
active column sensor. More advanced conventional lens mod-
ules 100 may also incorporate the processing of focus control
on the same integrated circuit chip that contains the focal
plane array 108.

However, as FIG. 1 illustrates, the electrical control signals
118 that control the zoom lens drives, the flash, the shutter and
other functions though the lens drive electronics 120 (which
convert electrical energy to mechanical motion to move the
lens and control other functions) have conventionally been
derived outside of the lens module 100. For example, an
auto-focus control signal from a position measurement sensor
(e.g. an infrared or ultrasonic sensor) may be derived in a
discrete ISP 110 and sent to a focus drive within the lens drive
electronics 120. For image-based focus control, the image
data 106 must be transferred from the lens module 100 to the
system processor 114 where an edge-detection auto-focus
algorithm is used to develop the focus control signal. Addi-
tionally, the user may wish to manually alter the object dis-
tance by controlling the focus lens group 102. Signals from
buttons, switches or other input devices must be input to the
system processor 114 which in turn sends the appropriate
focus control signals to the lens drive electronics 120. Control
signals for the zoom lens group, flash, shutter and other func-
tions are similarly generated outside of the lens module 100,
as described above. An example of a conventional system
with control signals developed outside the lens module is
Published U.K. Patent Application No. GB 2,141,260 A.
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Because conventional imaging systems utilize a lens mod-
ule 100 separate from the devices that generate control sig-
nals, such as the lens drive electronics 120 illustrated in FIG.
1, additional manufacturing steps are required to assemble
and connect the lens module together with these associated
devices, increasing the time and expense of manufacture. In
addition, these extra steps increase the chance of assembly
errors.

Having lens modules separate from devices that generate
control signals, such as the lens drive electronics, can also
create performance issues. The generation of the control sig-
nals outside the module wastes system power because of the
extra processing steps performed by the devices outside the
module. In addition, as described above, imaging systems
that have integrated auto-focus lens control utilize an algo-
rithm for controlling the focus lens that is located on the ISP
separate from the focal plane array. The image processor must
read the image data from the focal plane array, process the
data, and then transmit control signals to the drive electronics
of the focus lens, increasing the image acquisition time.

Having lens modules separate from devices that generate
control signals, such as the lens drive electronics, can also
lead to undesirable product specifications and operational
parameters. For example, the use of separate circuits (e.g.
chips) for the lens drive electronics adds extra components,
which can lead to increased imaging device size and weight.
In addition, the use of separate circuits may require that each
circuit be separately powered, with higher-powered output
buffers used to drive signals between chips, resulting in
increased power consumption.

In today’s competitive consumer electronics environment
in which the clear trends are increased features, decreased
product size, and lower power consumption, manufacturers
of imaging devices such as digital cameras and cell phones
must utilize technologies which produce the most perfor-
mance and capability in the smallest packaging possible,
while at the same time minimizing assembly costs and the
number of assembly errors.

With regard to capability, manufacturers would greatly
benefit from a lens module with increased integrated func-
tionality. An integrated modular approach would also allow
imaging device manufacturers to make a standardized “plat-
form” that can accommodate plug-in modules with different
features to produce different product models.

With regard to performance, the size and power consump-
tion improvements that can be realized using a lens module
with increased integrated functionality would also be benefi-
cial to imaging device manufacturers. Furthermore, compact
compound zoom lens technology may be employed within
these integrated modules, giving manufacturers a high-per-
formance, wide-angle zoom lens not previously available in
small imaging devices. Compact compound zoom lens tech-
nology is described in U.S. patent application Ser. No.
11/101,933, the contents of which are incorporated by refer-
ence herein.

With regard to minimizing assembly costs and assembly
errors, manufacturers would greatly benefit from modular-
ized multi-function components that enable devices to be
assembled and connected with relatively few manufacturing
steps, instead of having to assemble and connect multiple
small devices.

Therefore, there is a need to integrate functions within a
lens module, including some or all of the following: lens
groups, lens motor drives, focal plane array, ISP, control of
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focus or object distance, zoom, flash, shutter, temperature
compensation, and/or stabilization.

SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to a
modular image capture system that improves manufacturabil-
ity (i.e. reduces manufacturing time, expense, and number of
assembly errors) by integrating functions within a lens mod-
ule, including some or all of the following: auto-focus and
zoom lens groups, lens motor drives, focal plane array, ISP,
control of zooming and focus or object distance, flash, shutter,
temperature compensation, image stabilization, and a dis-
tance/focus measurement device (for non-image based focus
control), including the appropriate algorithms. The integra-
tion of functions also improves image acquisition time and
decreases imaging device size, weight, and power consump-
tion.

One exemplary image capture system according to
embodiments of the present invention may be formed with a
focal plane array, a compound zoom lens, an ISP, an electrical
and/or mechanical interface which are integrated into a single
lens module assembly or chassis, and a housing that can
provide a support structure for the assembly and other com-
ponents in the image capture system. An electrical interface
connected to the lens module chassis is used to communicate
with a host device, and a mechanical interface is used to
incorporate the assembly with the host device.

In particular, many of the functions and algorithms
described above, such as the circuitry that generates the focus
and zoom lens drive control signals, may be incorporated and
executed on the same integrated circuit that performs the ISP
function. This enhanced ISP can either be integrated directly
on-chip with the focal plane array, or can be implemented in
a discrete semiconductor integrated circuit mounted some-
where within the lens module.

An optional anamorphic lens, stabilization sensors and a
stabilization drive may also be employed in the lens module.
The stabilization sensors generate outputs which are fed back
to and processed in the ISP, where the ISP can execute inte-
grated image stabilization algorithms and send control sig-
nals back to the stabilization drive, all within the confines of
the lens module, to stabilize the image being captured. Alter-
natively or in addition to the above, the ISP can move the
image data to provide stabilization. Additionally, regardless
of how the image is projected onto the focal plane array or
otherwise captured by the system, an algorithm can be added
to the ISP to alter the image aspect ratio as captured by the
focal plane array, for example, to de-anamorphose the final
image.

Flash or illumination control can also be integrated into the
module, as well as the control of a shutter.

Alternative embodiments of the present invention of an
image capture system according to embodiments of the
present invention may include multiple ISPs, focal plane
arrays, lenses and lens groups, and/or varying types of elec-
trical and/or mechanical interfaces. Other alternative embodi-
ments may include the addition of improved lenses or lens
groups, one or more motor drives, one or more sensors, and/or
one or more improved ISPs enhanced to control the motor
drives and/or interface to the sensors.

The integrated approach provides certain benefits, as men-
tioned above. For example, the shot-to-shot time can be
decreased by integrating the ISP and the focus control algo-
rithm together on the same chip. Integrating the drive elec-
tronics, feedback devices, control signals, and other relevant
lens control electronics as well as the flash within the module
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assembly reduces the amount of electrical interconnects to
the module from the system and can reduce overall system
size and power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary conventional motor driven
lens module (module case represented by dashed line).

FIG. 2 illustrates an exemplary motor driven lens module
(module case represented by dashed line) with integrated
functionality according to embodiments of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following description of preferred embodiments,
reference is made to the accompanying drawings which form
a part hereof, and in which it is shown by way of illustration
specific embodiments in which the invention may be prac-
ticed. It is to be understood that other embodiments may be
utilized and structural changes may be made without depart-
ing from the scope of the preferred embodiments of the
present invention.

Embodiments of the present invention are directed to a
modular image capture system that improves manufacturabil-
ity (i.e. reduces manufacturing time, expense, and number of
assembly errors) by integrating functions within a lens mod-
ule, including some or all of the following: lens groups, lens
motor drives, focal plane array, ISP, control of focus (includ-
ing regular focus, close focus, or macro focus) or object
distance, zoom, flash, shutter, temperature compensation,
and/or stabilization, including the appropriate algorithms.
The integration of functions also improves image acquisition
time and decreases imaging device size, weight, and power
consumption. In particular, many of the functions and algo-
rithms described above may be incorporated and executed on
the same integrated circuit that performs the ISP function.
This enhanced ISP can then be integrated on the same sub-
strate as the focal plane array or the ISP can be produced on a
separate substrate. This separate substrate can also be inte-
grated within the module.

One exemplary image capture system according to
embodiments of the present invention may be formed with a
focal plane array, a compound zoom lens, an ISP, an electrical
and/or mechanical interface which are integrated into a single
assembly, and a housing that can provide a support structure
for the assembly. An electrical interface is used to communi-
cate with a host device, and a mechanical interface is used to
incorporate the assembly with the host device. The electrical
interface may include one or more electrical connectors such
as a plug or socket, and the mechanical interface may include
guides, rails, bosses, and the like to accurately locate the
module or assembly into the host device. The mechanical
interface may also be integrated with the electrical interface
to form a single electromechanical connector. Example host
devices include, but are not limited to, a digital still camera, a
video camera, a mobile phone, a personal data assistant, a
security or surveillance camera, and an industrial camera.

FIG. 2 illustrates an exemplary motor driven lens module
200 (module case represented by dashed line) with integrated
functionality according to embodiments of the present inven-
tion. The zoom, focus and thermal compensation lens groups
202 and 204 within the lens module 200 are illustrative only,
as it should be understood that many different configurations
of lenses may be used within the lens module 200. One or
more of the lens groups may also be rotatable, as described in
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U.S. patent application Ser. No. 11/101,933. FIGS. 34 and 38
of that application illustrate an exemplary rotatable lens sys-
tem including a liquid lens suitable for use in the lens module
of the present invention.

As mentioned above, U.S. patent application Ser. No.
11/101,933 describes a high-performance, compact com-
pound zoom technology that may be used within the lens
module 200 of the present invention. The compound zoom
technology described in that application is a wide-range,
ultra-wide angle optionally rotatable compound zoom lens
system with a simplified zooming structure that reduces the
number of independently moving lens groups to just two or
three. Compound zoom technology allows for a very small
diameter front element even with a large zoom range and
extremely wide field of view. In order to allow the system to
be used in a compact package, one or more fold prisms or
mirrors can be included in the design. The reflective nature of
these prisms or mirrors provides an additional benefit of
preventing Electromagnetic Interference (EMI) from escap-
ing the lens module. The optical design consists of a zooming
kernel followed by a zooming relay, with a stationary P lens
group in between. The zooming kernel has either an NP or
NPP structure, and the zooming relay has either a P or PP
structure. The kemel, as defined herein, includes all lens
groups on the object space side of the stationary P lens group,
while the zooming relay includes all zoom groups on the
image space side of the stationary P lens group. There are just
two or three independently moving groups altogether, one or
two on each side of an intermediate image. The front group is
stationary with respect to the image plane, as are the fold
prisms. The zooming relay, comprising just one or two inde-
pendently moving positive groups, has a notably simple struc-
ture that contributes significantly to the simplicity of the lens
design. The compound zoom technology can also utilize the
zooming groups as focusing groups and for temperature com-
pensation, thus maintaining a relatively simple mechanical
structure. The compactness and performance of compound
zoom technology, not previously available, makes it ideally
suited for inclusion in the integrated lens module 200 of FIG.
2.

InFIG. 2, raw image data captured through the various lens
groups is transferred from an image sensor (e.g. a focal plane
array) 208 to an Image Signal Processor (ISP) 210 that may be
located on the same chip or on a different chip as the image
sensor, where the raw image data is processed. The focal
plane array 208 may be sensitive to visible light having wave-
lengths of about 450-650 nanometers, ultraviolet light having
wavelengths ofless than about 450 nanometers, infrared light
having wavelengths of greater than about 650 nanometers, or
any combination of the above. The ISP 210 also accepts user
input to control the zoom lens group and focus lens group,
shown symbolically as two thumbwheels 216 on the lens
module 200, although it should be understood that a number
of different user inputs may be delivered to the ISP 210 using
a number of different input mechanisms to control different
functions. The ISP 210 then generates and sends control
signals 218 to lens drive electronics 220, which may be
located on-chip or off-chip but within the lens module 200.
The lens drive electronics 220 then send further lens motor
drive control signals to control focus and zoom lens motor
drives and other functions within the lens module 200. Note
that the focus and zoom lens groups may also be controlled
manually, in addition to or instead of the lens drive electron-
ics. In addition, the ISP 210 can derive an auto-focus control
signal using focus or position measurement sensors (e.g. an
infrared, ultrasonic, or additional image sensor) 244 which is
sent to the lens drive electronics 220. The ISP 210 may also
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communicate with storage or other devices outside the mod-
ule through a module connector to perform additional func-
tions such as storing data into the storage or retrieving data
from the storage. Note that in FIG. 2, unlike FIG. 1, the
circuitry that generates the focus and zoom lens drive control
signals 218 is integrated within the ISP 210 and located
within the lens module 200. The ISP 210 can either be inte-
grated directly on-chip with the focal plane array 208, or can
be implemented in a discrete semiconductor die mounted
somewhere within the lens module 200. The focus and zoom
lens motor drives receive the control signals and convert
electrical energy to mechanical motion to move the zoom,
focus and thermal compensation lens groups 204 and 202 and
control other features of the lens module 200.

Note that if one or more of the lens groups are rotated, as
described above, it may be desirable to rotate the captured
image by rotating the chip containing the focal plane array
208, adding a prism within or between lens groups, or by
processing the raw image data in ISP 210 to perform the
rotation by manipulating data.

Exemplary FIG. 2 shows an optional stabilization lens 246
and radially movable lens mount 226 located on the image
side of the zoom, focus and thermal compensation lens group
204, although it should be understood that the stabilization
lens and lens mount may be located elsewhere in the lens
module 200. Stabilization sensors 228 are shown in FIG. 2 as
being located near the focal plane array 208, although it
should be understood that the stabilization sensors may be
located elsewhere in the lens module 200. The stabilization
sensors 228 (e.g. feedback devices such as accelerometers or
gyroscopes) generate stabilization data outputs 230 which are
fed back to and processed in the ISP 210, where the ISP can
execute integrated image stabilization algorithms and send
control signals 218 back to the drive electronics 220 to control
the lens mount 226 and stabilize the image being captured. An
example of a lens system with image stabilization is found in
U.S. Published Application No. U.S. 2004/0021953 Al, the
contents of which are incorporated herein by reference.

Focal plane arrays and optics for modules are typically
designed around the standard imaging format aspect ratios
such as 4:3 or 16:9. This can limit performance, viewing
angle, zoom factor, cost and other parameters. The use of
anamorphic lenses can eliminate the restrictions imposed by
these standards. Exemplary FIG. 2 shows an optional
anamorphic lens 224. The anamorphic lens 224 may be added
within the lens module 200 to alter the projected image aspect
ratio. Although the example of FIG. 2 shows the anamorphic
lens 224 between the stabilization lens group 246 and a shut-
ter 234, the anamorphic lens 224 can be added anywhere
within the optical path. Additionally, regardless of how the
image is projected onto the focal plane array or otherwise
captured by the system, an algorithm can be added to the ISP
210 to alter the image aspect ratio as captured by the focal
plane array 208. This introduction of an anamorphic lens 224
with or without the aspect ratio image processing algorithm
enables optimization of different parameters for the system.
For example, smaller diameter lenses may be used to lower
costs, and/or a square aspect image sensor can be used to
capture 4:3 or 16:9 aspect ratio images. An example of a cost
and performance enhancement is to use an anamorphic lens to
squeeze an image horizontally so that it can be completely
captured by a square format focal plane array. This enables
the use of less expensive and smaller diameter optics, and a
smaller and therefore cheaper focal plane array. Use of an
anamorphic lens 224 also enables the use of non-square pix-
els.
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Flash or illumination control 238 for illuminating a scene
can also be integrated into the module under the control of
flash control signals from the drive electronics 220 and the
ISP 210. In the case of LED or similar type illumination, the
function of a “flashlight’ can be added as well as the normal
“strobe” for digital photography or constant or pulsed illumi-
nation for video capture.

Also shown in exemplary FIG. 2 is a shutter 234, which
may be opened and closed under the control of shutter control
signals from the drive electronics 220 and the ISP 210.

Alternative embodiments of the present invention of an
image capture system according to embodiments of the
present invention may include multiple ISPs, focal plane
arrays, lenses and lens groups, and/or varying types of elec-
trical and/or mechanical interfaces. Other alternative embodi-
ments may include the addition of improved lenses or lens
groups, one or more motor drives, one or more sensors, and/or
one or more improved ISPs enhanced to control the motor
drives and/or interface to the sensors.

The integrated functions described above and their algo-
rithms can respond to user input via pushbuttons, switches, or
other input devices, from feedback devices such as position,
acceleration, gyroscopes, and/or other sensors, and can also
react to data sent to it by the system or the connector for the
lens module 200. Electrical control signal outputs may be
generated that interface directly to a lens drive within the lens
module and/or send data out the data interface to the image
capture system.

The integrated approach illustrated in FIG. 2 provides cer-
tain benefits. For example, the shot-to-shot time can be
decreased by integrating the ISP 210 and the focus control
algorithm together on the same chip. In the case where the
focus changes as the lens is zoomed, focus following (main-
taining focus as the zoom changes) can be enabled when the
user alters the zoom ratio. The user can alter the zoom ratio
mechanically or by activating a button, switch or other input
device 216, with such activation or mechanical motion pro-
viding a signal which can be input directly via an electrical
signal to the ISP algorithms or through the data interface.
Integrating the drive electronics 220, feedback devices, con-
trol signals, and other relevant lens control electronics as well
as the flash within the module assembly reduces the amount
of electrical interconnects to the module from the system and
can reduce overall system size and power consumption while
at the same time improving performance.

The addition of this integrated control capability to either
or both control of the zoom and focus lens groups enables
other features such as the tracking and recording of lens
position data with respect to the captured image, and/or
enables user programmed sequences to be entered and
executed such as “set zoom to X zoom” and “set object
distance (focus) to Y,” where X and Y are programmable
variables. Even more complex zoom and focus control can be
implemented with the addition of multiple settings with timed
or event driven intervals (e.g. memorize and repeat a
sequence). For example, a simple sequence that could be
stored is (1) zoom to 3x magnification, (2) set focus to 3.0
feet, (3) capture image, (4) zoom to 2x magnification, (5)
adjust focus to 12 feet, and (6) capture image.

Temperature measurement and optical as well as image
compensation may also be included within the lens module
200. Temperature or thermal compensation may include a
temperature sensor 240, which generates temperature data
that is sent to the ISP 210 for processing. Changes in tem-
perature can cause de-focusing which can be compensated
within the optics by using focus control and moving one or
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more of lens groups 202 and 204. Additionally, the image data
can be temperature compensated in the ISP 210 to improve
image quality.

Zoom lens controls may also be integrated into the lens
module 200 and may be placed in a location accessible to a
user (see representative thumbwheels 216 in FIG. 2), even
after the lens module is installed in the image capture system.
Zoom lens controls are typically either a mechanical device or
electrical switches or buttons. For the mechanical devices, a
rotary knob or collar, lever, cam, gears or other device (or a
combination of all or some of the aforementioned) is moved
by the operator, and this motion is transmitted to the zoom
lens to move it. For electrical switches or buttons, the duration
of motion for the zoom lens is typically proportional to the
length of time the switch or button is actuated. When the
switch or button is pushed, electrical signals are typically sent
to the imaging system controller, which then sends corre-
sponding electrical signals to the zoom lens electric drive
system. The drive system is typically a motor which takes the
electrical signal and converts it back to mechanical motion
either directly or through a mechanical device to move the
zoom lens.

Note that when the zoom lens is moved, the image may go
out of focus during zooming, requiring the image to be re-
focused. Focus lens controls may also be integrated into the
module in a location accessible to a user, to enable the user to
perform this re-focusing. Additionally, the focus group can be
changed by the user to alter the object distance or the focus
lens group(s) may be controlled by the ISP to maintain the
focus automatically.

Although the present invention has been fully described in
connection with embodiments thereof with reference to the
accompanying drawings, it is to be noted that various changes
and modifications will become apparent to those skilled in the
art. Such changes and modifications are to be understood as
being included within the scope of the present invention as
defined by the appended claims.

What is claimed is:

1. A lens module with integrated functionality, comprising:

a plurality of lens groups for receiving an image and pro-
viding a zooming capability;

an anamorphic lens to modify the image aspect ratio;

a focal plane array aligned with the lens groups for captur-
ing the image through the lens groups and generating
raw image data;

an Image Signal Processor (ISP) co-located with the focal
plane array on a single integrated circuit for receiving
and processing the raw image data and generating con-
trol signals, the control signals including a zoom control
signal, the ISP programmed for performing an anamor-
phic image processing algorithm to de-anamorphose the
image;

drive electronics communicatively coupled to the ISP for
receiving the control signals and generating lens motor
drive signals;

one or more lens motor drives communicatively coupled to
the drive electronics for receiving the lens motor drive
signals, and coupled to the lens groups for moving the
lens groups in accordance with the lens motor drive
signals; and

a lens module chassis for supporting the lens groups, the
focal plane array, the ISP, the drive electronics, and the
one or more lens motor drives, the lens module chassis
for enabling the lens module to be assembled into an
imaging system as a single component.

2. The lens module as recited in claim 1, the lens groups

comprising a compound zoom lens system.
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3. The lens module as recited in claim 1, wherein at least
one of the lens groups is a focus lens group, the ISP is for
further generating focus control signals, and the one or more
lens motor drives includes a focus lens motor drive.

4. The lens module as recited in claim 3, further including
a focus sensor communicatively coupled to the ISP for assist-
ing the ISP in generating the focus control signals.

5. The lens module as recited in claim 1, further compris-
ing:

one or more stabilization sensors communicatively
coupled to the ISP for generating and sending stabiliza-
tion data to the ISP; and

a stabilization drive coupled to one or more of the lens
groups and to the ISP for receiving stabilization control
signals generated by the ISP and for performing image
stabilization;

wherein the ISP is configured for processing the stabiliza-
tion data and generating the stabilization control signals.

6. The lens module as recited in claim 1, further compris-
ing:

one or more temperature sensors communicatively
coupled to the ISP for generating and sending tempera-
ture data to the ISP;

wherein the ISP is configured for processing the tempera-
ture data and generating focus control signals for tem-
perature compensation.

7. The lens module as recited in claim 1, further compris-

ing:

a flash driver communicatively coupled to the drive elec-
tronics and the ISP for controlling a flash;

wherein the ISP is configured for generating flash control
signals for the flash driver.

8. The lens module as recited in claim 1, further compris-

ing:

a shutter communicatively coupled to the drive electronics
and the ISP for controlling the image captured on the
focal plane array;

wherein the ISP is configured for generating shutter control
signals for the shutter.

9. The lens module as recited in claim 1, wherein the focal

plane array is a Charge Coupled Device (CCD).

10. The lens module as recited in claim 1, wherein the focal
plane array is a Complementary Metal Oxide Semiconductor
(CMOS) active pixel sensor.

11. The lens module as recited in claim 1, wherein the focal
plane array is a Complementary Metal Oxide Semiconductor
(CMOS) active column sensor.

12. The lens module as recited in claim 1, wherein the focal
plane array is a quantum dot focal plane array.

13. The lens module as recited in claim 1, wherein the focal
plane array is sensitive to a visible spectrum of wavelengths
of about 450-650 nanometers.

14. The lens module as recited in claim 1, wherein the focal
plane array is sensitive to an infrared spectrum of wave-
lengths of greater than about 650 nanometers.

15. The lens module as recited in claim 1, wherein the focal
plane array is sensitive to an ultraviolet spectrum of wave-
lengths of less than about 450 nanometers.

16. The lens module as recited in claim 1, wherein the focal
plane array is sensitive to one or more of a visible spectrum of
wavelengths of about 450-650 nanometers, an infrared spec-
trum of wavelengths of greater than about 650 nanometers,
and an ultraviolet spectrum of wavelengths of less than about
450 nanometers.

17. The lens module as recited in claim 1, wherein the at
least one of the lens groups comprises a liquid lens.
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18. The lens module as recited in claim 1, the ISP for
communicating with external storage to store or retrieve
image or image-related data.

19. The lens module as recited in claim 1, the ISP for
storing lens position data with respect to a captured image.

20. The lens module as recited in claim 1, the ISP for
storing sequences of lens position data for subsequent execu-
tion.

21. The lens module as recited in claim 1, further compris-
ing:

one or more connectors to connect the lens module to a host
device, the one or more connectors including one or
more of an electrical interface for transferring data to
and from the lens module, and a mechanical interface for
accurately locating the lens module into the host device.

22. The lens module as recited in claim 21, wherein the
mechanical interface is integrated with the electrical interface
to form a single electro-mechanical connector.

23. A lens module with integrated functionality, compris-
ing:

a plurality of lens groups for receiving an image and pro-

viding a zooming capability, the lens groups comprising
a compound zoom lens system;

an anamorphic lens to modify the image aspect ratio;

a focal plane array aligned with the lens groups for captur-
ing the image through the lens groups and generating
raw image data;

an Image Signal Processor (ISP) co-located with the focal
plane array on a single integrated circuit for receiving
and processing the raw image data and generating con-
trol signals, the control signals including a focus control
signal and a zoom control signal, the ISP programmed
for performing an anamorphic image processing algo-
rithm to de-anamorphose the image;

drive electronics communicatively coupled to the ISP for
receiving the control signals and generating lens motor
drive signals;

one or more lens motor drives communicatively coupled to
the drive electronics for receiving the lens motor drive
signals, and coupled to the lens groups for moving the
lens groups in accordance with the lens motor drive
signals; and

a lens module chassis for supporting the lens groups, the
focal plane array, the ISP, the drive electronics, and the
one or more lens motor drives, the lens module chassis
for enabling the lens module to be assembled into an
imaging system as a single component.

24. The lens module as recited in claim 23, wherein at least
one of the lens groups is a focus lens group, the ISP is for
further generating focus control signals, and the one or more
lens motor drives includes a focus lens motor drive.

25. The lens module as recited in claim 24, further includ-
ing a focus sensor communicatively coupled to the ISP for
assisting the ISP in generating focus control signals.

26. The lens module as recited in claim 23, wherein the ISP
is configured for processing stabilization data and generating
stabilization control signals, temperature data and generating
focus control signals for temperature compensation, flash
control signals for a flash driver, or shutter control signals for
a shutter.

27. The lens module as recited in claim 23, further com-
prising:

one or more connectors to connect the lens module to a host
device, the one or more connectors including one or
more of an electrical interface for transferring data to
and from the lens module, and a mechanical interface for
accurately locating the lens module into the host device.
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28. The lens module as recited in claim 27, wherein the
mechanical interface is integrated with the electrical interface
to form a single electro-mechanical connector.

29. A method for integrating lens module functionality,
comprising:

receiving an image through a compound zoom lens system;

squeezing or expanding the image through an anamorphic

lens;

capturing the received image and generating raw image

data;

receiving and processing the raw image data and generat-

ing control signals, the control signals including a focus
control signal and a zoom control signal;

transfiguring the image format and aspect ratio through an

anamorphic image processing algorithm;

receiving the control signals and generating lens motor

drive signals;
receiving the lens motor drive signals and moving lens
groups in the compound zoom lens system in accor-
dance with the lens motor drive signals; and

performing the preceding steps within a lens module chas-
sis for enabling the lens module chassis to be assembled
into an imaging system as a single component.
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30. The method as recited in claim 29, further comprising
performing the steps of (1) capturing the received image and
generating raw image data and (2) receiving and processing
the raw image data and generating control signals, the control
signals including a focus control signal and a zoom control
signal, within a single integrated circuit.

31. The method as recited in claim 30, further comprising
processing stabilization data and generating stabilization
control signals, processing temperature data and generating
focus control signals for temperature compensation, process-
ing flash control signals for a flash driver, or processing shut-
ter control signals for a shutter within the single integrated
circuit.

32. The method as recited in claim 29, further comprising:

providing one or more of an electrical interface for trans-

ferring data to and from the lens module, and a mechani-
cal interface for accurately locating the lens module into
a host device.

33. The method as recited in claim 32, further comprising
integrating the mechanical interface with the electrical inter-
face to form a single electro-mechanical connector.
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