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APPARATUS AND METHOD FOR
REDUCING SMEAR IN DIGITAL IMAGES
CAPTURED USING FRAME-TRANSFER CCD
SENSOR

FIELD OF THE INVENTION

The invention relates generally to the field of digital
imaging, and more particularly to an apparatus and method
for reducing smear in digital images captured using a
frame-transfer charge coupled device (CCD) sensor.

BACKGROUND OF THE INVENTION

In contrast to a conventional film camera, a digital camera
employs an electronic image sensor to digitally capture a
scene of interest. Thus, the electronic image sensor functions
as a film for the digital camera. Typically, the electronic
image sensor is either a charge coupled device (CCD) sensor
or a complementary metal oxide semiconductor (CMOS)
sensor. However, due to their higher sensitivity and lower
noise characteristics, CCD sensors have been much more
widely adopted in applications that require high image
quality.

There are a number of different types of CCD sensors,
such as frame interline-transfer CCD sensors, interline-
transfer CCD sensors, and frame-transfer CCD sensors. The
CCD sensors of interest herein are the frame-transfer CCD
sensors. A conventional frame-transfer CCD sensor for use
in digital photography includes a CCD array of pixel regions
and a serial register. The CCD array includes an image area
and a storage area. The pixel regions of the CCD array are
defined by isolation implants and gate electrodes, which
extend perpendicular to each other. The CCD array is used
to accumulate electronic charges within the pixel regions in
response to impinging illumination and to transfer the accu-
mulated charges to the serial register for readout. However,
the storage area of the CCD array is covered with an opaque
mask to prevent photon-induced accumulation of charges.
Thus, the storage area is exclusively used to transfer the
accumulated charges in the image area to the serial register
for readout. The storage area allows the accumulated
charges in the image area to be rapidly removed from
exposure to illumination.

A digital camera with a conventional frame-transfer CCD
sensor digitally captures images in the following manner.
First, the image area of the CCD array is cleared of existing
charges, which begins an exposure period. During the expo-
sure period, charges are accumulated in the pixel regions of
the image area in response to impinging light. At the end of
the exposure period, the accumulated charges in the image
area are rapidly transferred to the storage area of the CCD
array. The transferred charges are then readout through the
serial register on a row-by-row basis in a relatively slow
fashion.

Typically, a digital camera operates in either a still-
capture mode or a video mode. The still-capture mode is
used to capture still images of scenes of interest. The video
mode is used to acquire information for exposure control
and focus control. In addition, the video mode is used to
provide a user with a real time preview of the final image.

In the still-capture mode, a mechanical shutter of the
digital camera is used to end the exposure period. The
mechanical shutter prevents further accumulation of charges
in the image area of the CCD array. However, in the video
mode, the high frame rate makes the use of the mechanical
shutter impractical. Thus, the mechanical shutter is not used
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during the video mode. As a result, photon-induced charges
may continue to accumulate even after the exposure period
when the accumulated charges are being transferred from
the image area of the CCD array to the storage area of the
CCD array. The additional accumulation of charges may
result in the appearance of “smear” in the captured images.
The relative magnitude of the “smear charge” is inversely
proportional to the ratio of the exposure period to the period
required to shift the accumulated charges by one row (the
horizontal line period) to transfer the accumulated charges to
the storage area of the CCD array. Smear is most noticeable
when the exposure period is short and the illumination is
strong. Smear can be reduced by increasing the speed of the
frame shift rate, i.e., the vertical transfer rate of charges from
the image area of the CCD array to the storage area of the
CCD array. However, the frame shift rate is limited to about
1 MHz in current frame-transfer CCD sensors by the RC
time-constant of the gate electrodes. Thus, the appearance of
smear is still a significant issue for digital images captured
using a conventional frame-transfer CCD sensor.

In view of the above-described problem, there is a need
for an apparatus and method for reducing smear in elec-
tronically captured images using a frame-transfer CCD
Sensor.

SUMMARY OF THE INVENTION

An apparatus and method for reducing smear in electronic
images utilizes estimated smear signals to remove compo-
nents in the image signals of the electronic images that are
attributable to the smear. The estimated smear signals cor-
respond to the smear components of the image signals. The
estimated smear signals are generated by collecting electri-
cal charges in an electronic image sensor after an exposure
period. The estimated smear signals may be generated in
sequence to the acquisition of the image signals.
Alternatively, the estimated smear signals may be generated
in parallel to the acquisition of the image signals.

A method for reducing smear in images captured using an
electronic image sensor in accordance with the invention
includes the steps of generating image signals, some of
which include image and smear components, and generating
estimated smear signals, which are based on electrical
charges accumulated in the electronic image sensor. The
image signals represent an electronic image of a scene of
interest. The image components of the image signals corre-
spond to electrical charges collected in the electronic image
sensor during an exposure period. The smear components of
the image signals correspond to electrical charges collected
in the electronic image sensor after the exposure period. The
smear signals represent the smear components of the image
signals. The method further includes the step of substantially
removing the smear components from the image signals
using the estimated smear signals to reduce smear in the
electronic image.

The step of generating the image signals may include
collecting electrical charges in the electronic image sensor
from the start of an exposure period. Furthermore, the step
of generating the estimated smear signals may include
collecting electrical charges in the electronic image sensor
from the end of an exposure period. In an embodiment, the
step of generating the estimated smear signals and the step
of generating the image signals are executed in sequence.

In another embodiment, the step of generating the esti-
mated smear signals and the step of generating the image
signals are executed in parallel. In this embodiment, the step
of generating the estimated smear signals may include
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collecting electrical charges in selected portions of the
electronic image sensor from the end of an exposure period
to acquire sample smear signals. The selected portions of the
electronic image sensor may be selected photosensitive pixel
rows of the image sensor. In this embodiment, the method
may further include a step of interpolating the sample smear
signals from adjacent rows of the selected photosensitive
pixel rows to derive the estimated smear signals.

An apparatus in accordance with the invention includes an
electronic image sensor having an array of photosensitive
pixels and a smear cancellation unit. The electronic image
sensor is configured to generate image signals that represent
an electronic image of a scene of interest. The electronic
image sensor may include a charge coupled device. Some of
the image signals generated by the electronic image sensor
include image components and smear components. The
image components of the image signals correspond to elec-
trical charges collected in the electronic image sensor during
an exposure period. The smear components of the image
signals correspond to electrical charges collected in the
electronic image sensor after the exposure period. The
electronic image sensor is further configured to generate
sample smear signals that represent the smear components
of the image signals. The smear cancellation unit of the
apparatus is configured to substantially remove the smear
components from the image signals using the sample smear
signals to reduce smear in the electronic image.

In an embodiment, the electronic image sensor is config-
ured to generate a set of the image signals and a set of the
sample smear signals in sequence. In this embodiment, the
smear cancellation unit includes a subtraction unit that
subtracts the image signals by the sample smear signals to
substantially remove the smear components from the image
signals.

In another embodiment, the electronic image sensor is
configured to generate the image signals and the sample
smear signals in parallel. In this embodiment, the electronic
image sensor includes selected photosensitive pixels that are
configured to exclusively generate the sample smear signals.
The selected photosensitive pixels may be located on
selected pixel rows of the electronic image sensor. In this
embodiment, the smear cancellation unit may include an
interpolation unit that generates estimated smear signals
from the sample smear signals from adjacent pixel rows of
the selected pixel rows of the electronic image sensor. The
smear cancellation unit may also include a subtraction unit
that subtracts the image signals associated with pixel rows of
the electronic image sensor that are positioned between the
adjacent pixel rows of the electronic sensor by the estimated
smear signals to substantially remove the smear components
from the image signals.

Other aspects of the present invention will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawings, illustrated by
way of example of the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a digital imaging apparatus
in accordance with a first embodiment the present invention.

FIG. 2 is a block diagram of an image-acquiring unit of
the digital imaging apparatus in accordance with the first
embodiment.

FIG. 3 is a block diagram of a smear cancellation circuit
of the digital imaging apparatus in accordance with the first
embodiment.

FIG. 4 is a flow diagram of the operation of the digital
imaging apparatus in accordance with the first embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 5 is a block diagram of an image-acquiring unit of
the digital imaging apparatus in accordance with a second
embodiment of the present invention.

FIG. 6 is a block diagram of a smear cancellation circuit
of the digital imaging apparatus in accordance with the
second embodiment.

FIG. 7 is a flow diagram of the operation of the digital
imaging apparatus in accordance with the second embodi-
ment.

FIG. 8 is an exemplary CCD sensor configuration in
accordance with an alternative embodiment.

FIG. 9 is a block diagram of a smear cancellation circuit
of the digital imaging apparatus in accordance with the
alternative embodiment.

FIG. 10 is a flow diagram of the operation of the digital
imaging apparatus in accordance with the alternative
embodiment.

FIG. 11 is a flow diagram of a method of reducing smear
in accordance with the invention.

DETAILED DESCRIPTION

With reference to FIG. 1, a digital imaging apparatus 100
in accordance with a first embodiment of the present inven-
tion is shown. The digital imaging apparatus utilizes a
frame-transfer charge coupled device (CCD) sensor to elec-
tronically capture image signals in the form of accumulated
charges that represent electronic images of scenes of inter-
est. The digital imaging apparatus operates to cancel smear
components of the captured image signals during video
mode operation to provide substantially smear-free video
frames for preview and auto-focus.

The digital imaging apparatus 100 includes a lens 102 and
a mechanical shutter 104 that are connected to a control
mechanism 106, as shown in FIG. 1. The control mechanism
operates to adjust the lens in order to focus a scene of
interest. In addition, the control mechanism operates to open
and close the mechanical shutter to control integration or
exposure periods to capture still images. The digital imaging
apparatus further includes an image-acquiring unit 108, a
correlated double sampling (CDS) unit 110, an analog-to-
digital converter (ADC) 112, a smear cancellation circuit
114, a digital signal processing (DSP) circuit 116, a storage
unit 118, a viewing device 120 and a microcontroller 122.

The image-acquiring unit 108 of the digital imaging
apparatus 100 generates image signals to capture electronic
images of scenes of interest. In still-capture mode, the
electronic images are individual still pictures. In video
mode, the electronic images are video frames. The image-
acquiring unit then serially outputs the image signals for
processing. As described in detail below, the image-
acquiring unit also generates smear signals, which are used
to cancel smear components of the image signals during
video mode operation.

Turning to FIG. 2, a block diagram of the image-acquiring
unit 108 of the digital imaging apparatus 100 is shown. As
illustrated in FIG. 2, the image-acquiring unit includes a
CCD sensor 202, which is configured in accordance to a
frame-transfer CCD architecture. The CCD sensor includes
an image area 204, a storage area 206 and a serial register
208. The image area and the storage area of the CCD sensor
are structurally similar. However, the storage area is masked
with an opaque shield. Thus, only the image area is exposed
to illumination when the mechanical shutter 104 is opened.
The storage area may have a reduced-height as compared to
the image area. However, the width of the storage area is the
same as the image area.
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The CCD image and storage arcas 204 and 206 include
parallel gate electrodes 210, 212, 214, 216, 218, 220, 222,
224 and 226, and parallel isolation implants 230. In the
exemplary embodiment, the gate electrodes are formed of
poly-Si and the isolating implants are p+ regions. The
parallel gate electrodes extend horizontally, while the par-
allel isolation implants extend vertically. Although only a
small number of gate electrodes and isolation implants are
shown in FIG. 2, the CCD image and storage areas includes
additional gate electrodes and isolation implants. The gate
electrodes and the isolation implants define photosensitive
pixels, as illustrated by a photosensitive pixel 232. In this
exemplary embodiment, the pixel 232 is a section of the
CCD sensor 202 defined by the isolation implants 230B and
230C and the four gate electrodes 212A, 212B, 212C and
212D. The number of gate electrodes included in a photo-
sensitive pixel is indicative of the charge transport phase
scheme of a frame-transfer CCD sensor. Consequently, the
CCD sensor 202 utilizes four-phase charge transport
scheme. However, the CCD sensor may utilize different
charge transport scheme, such as a bi-phase or three-phase
charge transport scheme. In these alternative schemes, the
photosensitive pixels of the CCD sensor are defined by
number of gate electrodes that corresponds to the number of
phases for charge transport. In the exemplary embodiment,
four gate electrodes define photosensitive pixels of the CCD
sensor. Thus, each set of four gate electrodes 210, 212, 214,
216, 218, 220, 222, 224 and 226 corresponds to a photo-
sensitive pixel row of the CCD sensor. For example, the four
gate electrodes 210A, 2108, 210C and 210D correspond to
a single photosensitive pixel row of the CCD sensor.

The image-acquiring unit 108 further includes a timing
generator 234, a horizontal drive circuit 236, a vertical drive
circuit 238 and an amplifier 240. The timing generator
provides timing signals to the horizontal and vertical drive
circuits. In response to the timing signals, the vertical drive
circuit supplies gate voltages to the gate electrodes 210, 212,
214, 216, 218, 220, 222, 224 and 226 in both the image area
204 and the storage area 206 of the CCD sensor 202 through
four common electrical lines 242, 244, 246 and 248. As
illustrated in FIG. 2, each gate electrode of the CCD sensor
is connected to one of the four common electrical lines that
are connected to the vertical drive circuit 238. The gate
electrodes 210A, 212A, 214A, 216A, 218A, 220A, 222A,
224A and 226 A are connected to the electrical line 242. The
gate electrodes 210B, 212B, 214B, 216B, 218B, 220B,
222B, 224B and 226B are connected to the electrical line
244. The gate electrodes 210C, 212C, 214C, 216C, 218C,
220C, 222C, 224C and 226C are connected to the electrical
line 246. Similarly, the gate electrodes 210D, 212D, 214D,
216D, 218D, 220D, 222D, 224D and 226D are connected to
the electrical line 248. Thus, every fourth gate electrodes are
connected to the same electrical line. For simplification,
other conventional components commonly found in a frame-
transfer CCD sensor device are not shown or described
herein.

During an exposure period, the vertical drive circuit 238
supplies high voltages to the gate electrodes 210B, 210C,
212B, 212C, 214B, 214C, 216B, 216C, 218B, 218C, 220B,
220C, 222B, 222C, 224B, 224C, 226B and 226C, creating
potential wells in the photosensitive pixels of the CCD
sensor 202. Since only the image area 204 of the CCD sensor
is exposed to illumination, only the photosensitive pixels of
the image area accumulate charges in response to the
impinging illumination. After the exposure period, the ver-
tical drive circuit 238 supplies voltages to all the gate
electrodes in phases to vertically transfer the accumulated
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charges from the image area 204 to the serial register 208
through the storage area 206 of the CCD sensor. Four-phase
charge transport scheme is well known in the field of digital
imaging and thus, is not described herein. Initially, the
accumulated charges are rapidly transferred to the storage
area. The transferred charges are then serially readout
though the serial register on a row-by-row basis as analog
image signals. The voltages needed by the serial register to
serially readout a row of accumulated charges are supplied
by the horizontal drive circuit 236. In the exemplary
embodiment, the vertical drive circuit supplies either 0 or 12
volts and the horizontal drive circuit supplies either O or 5
volts. The analog image signals from the serial register are
then amplified by the amplifier 240 and transmitted to the
CDS unit 110.

In still-capture mode, the mechanical shutter 104 is closed
at the end of the exposure period. Thus, the mechanical
shutter prevents further photon-induced accumulation of
charges in the image area 204 of the CCD sensor 202.
However, in video mode, the mechanical shutter is not used.
This is mainly due to the power that would be consumed and
the accelerated wear which the shutter would experience in
video operation. Thus, during video mode, the image area of
the CCD sensor is not protected from illumination.
Consequently, as the accumulated charges are being trans-
ferred from the image area 204 to the storage area 206, some
of the charges that have been accumulated during the
exposure period are contaminated with additional photon-
induced charges. These additional photon-induced charges
are referred herein as “smear charges”. The effect of these
smear charges is the appearance of smear in the resulting
image, especially if there is a bright region in the captured
scene, such as a strong light source. Smear degrades the
quality of the preview images that are provided to the user.
Furthermore, smear can cause the digital imaging apparatus
100 to focus at the wrong distance. Thus, smear presents a
serious problem for the digital imaging apparatus during
video operation.

The digital imaging apparatus 100 resolves the smear
problem by substantially canceling the smear components of
the image signals, i.e., the smear charges included in the
final image charges. For each captured electronic image, the
image-acquiring unit 108 subsequently acquires charges
using an exposure period of zero. Since the exposure period
is zero, these acquired charges are exclusively due to the
accumulation of charges after the exposure period, which are
equivalent to the smear charges included in the image
charges for that captured electronic image. These subsequent
charges, which are sometimes also referred herein as “smear
charges”, are then used to cancel the smear components of
the image signals.

Turning back to FIG. 1, other components of the digital
imaging apparatus 100 are now described. The CDS unit 110
operates to reduce noises contained in the analog signals
from the image-acquiring unit 108, i.e., the accumulated
charges. The noise-reduced signals are then transmitted to
the ADC 112. The ADC converts the noise-reduced signals
from analog signals to digital signals. The digital signals are
then received by the smear cancellation circuit 114, where
smear components of the digital image signals are removed
by using the digital signals from the smear charges, which
are accumulated using an exposure period of zero. As shown
in FIG. 3, the smear cancellation circuit 114 includes a router
302, an image memory 304, a smear memory 306 and a
subtraction unit 308. The router directs digital signals from
the ADC 112 to either the image memory or the smear
memory. The digital signals of the charges accumulated
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during a normal exposure period, i.e., the image charges, are
routed to the image memory. These digital signals of the
image charges are referred herein as digital image signals.
The digital signals of the charges accumulated during the
zero exposure period, i.e., the smear charges, are routed to
the smear memory. These digital signals of the smear
charges are referred herein as digital smear signals. The
subtraction unit 308 of the smear cancellation circuit
removes the smear components of the digital image signals
by subtracting the digital image signals by the digital smear
signals. The resulting image signals are then transferred to
the DSP circuit 116. Although the smear cancellation circuit
is shown in FIG. 1 as an independent component, the smear
cancellation may instead be incorporated into the DSP
circuit.

The DSP circuit 116 of the digital imaging apparatus 100
operates to demosaic the smear-canceled image signals. In
addition, the DSP circuit may perform one or more image
processing techniques to enhance the captured image. The
captured image may then be displayed on the viewing device
120 and/or be stored in the storage unit 118. As an example,
the viewing device may be an LCD display and the storage
unit may be a flash memory. The captured image may also
be used by the microcontroller 122 to auto-focus the lens
102 using the control mechanism 106. The microcontroller
controls various components of the digital imaging
apparatus, including the image-acquiring unit 108 and the
smear cancellation circuit 114.

The operation of the digital imaging apparatus 100 is
described with reference to FIG. 4. At step 402, the image
area 204 of the CCD sensor 202 is cleared of existing
charges, which begins the exposure period. The image area
may be cleared by momentarily setting the voltage on the
gate electrodes 210, 212,214,216, 218 and 220 of the image
area to 0 volts. Next, at step 404, charges are accumulated
in the image area in response to impinging illumination until
the end of the exposure period. The accumulated charges
represent an electronic image of a scene of interest. At step
406, a frame shift is performed on the CCD sensor to transfer
the accumulated charges from the image area 204 of the
CCD sensor to the storage area 206 of the CCD sensor,
during which the accumulated charges may become con-
taminated with smear charges. The resulting charges are
then readout of the CCD sensor through the serial register
208 on a row-by-row basis as analog image signal, at step
408. Next, at step 410, the analog image signals are
amplified, correlated double sampled, and converted into
digital image signals. At step 412, the digital image signals
are stored in the image memory 304 of the smear cancella-
tion circuit 114. Thus, image signals with smear components
are acquired and stored.

Next, smear signals that correspond to the smear compo-
nents of the image are acquired. At step 414, the image area
204 of the CCD sensor 202 is again cleared of existing
charges. After the clearing of the image area, a frame shift
is immediately performed on the CCD sensor, at step 416.
Thus, the exposure period for acquiring the smear signals is
zero. Consequently, the resulting charges are attributable to
accumulation of charges after the exposure period, which are
the smear charges. The resulting charges are then readout of
the CCD sensor through the serial register on a row-by-row
basis as analog smear signal, at step 418. Next, at step 420,
the analog smear signals are amplified, correlated double
sampled, and converted into digital smear signals. At step
422, the digital smear signals are stored in the smear
memory 306 of the smear cancellation circuit 114.

Next, at step 424, the stored image signals are subtracted
by the stored smear signals by the subtraction unit 308 of the
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smear cancellation circuit 114 to remove the smear compo-
nents of the image signals. Since the smear signals are
substantially equivalent to the smear components of the
image signals, the subtraction of the digital signals by the
smear signals effectively cancels the smear components of
the image signals. The smear-canceled image signals pro-
duce virtually smear-free video frame, which can be used to
auto-focus the lens 102 of the digital imaging apparatus 100
and/or to provide a preview image on the viewing device
120.

In a second embodiment, the digital imaging apparatus
100 utilizes an image-acquiring unit 502 and a smear
cancellation circuit 602 that differ from the image-acquiring
unit 108 and the smear cancellation circuit 114, as illustrated
in FIGS. 5 and 6. Similar to the digital imaging apparatus of
the first embodiment, the digital imaging apparatus of the
second embodiment also reduces smear in captured elec-
tronic images by canceling smear components of the image
signals. However, in this second embodiment, the image
signals and the smear signals are acquired in parallel, rather
than in sequence. That is, the image and smear signals are
acquired using a single exposure period. The operation of
the digital image apparatus of the second embodiment is
described in detail below.

As illustrated in FIG. 5, the image-acquiring unit 502
includes all the components of the image-acquiring unit 108
of FIG. 2. The image-acquiring unit 502 includes the CCD
sensor 202, the horizontal drive circuit 236, the vertical
drive circuit 238, the timing generator 234 and the amplifier
240. However, the CCD sensor 202 of the image-acquiring
unit 502 is configured such that every other photosensitive
pixel row in the image area 202 of the CCD sensor 202 is
dedicated to acquiring smear signals. Thus, the photosensi-
tive pixel rows that correspond to the gate electrodes 212,
216 and 220 are dedicated to acquiring smear signals. These
rows are referred herein as smear rows. The remaining rows
in the image area that correspond to the gate electrodes 210,
214 and 218 are dedicated to acquiring image signals. These
rows are referred herein as image rows.

The image and smear rows of the CCD sensor 202 are
structurally identical. However, the gate electrodes 210, 214
and 218 of the image rows are connected to different
electrical lines from the vertical drive circuit 238 than the
gate electrodes 212, 216 and 220 of the smear rows. The four
gate electrodes of each image row are connected to the
electrical lines 242, 244, 246 and 248. The four gate
electrodes of each smear row are connected to the electrical
lines 242, 248, 504 and 506. Since the electrical lines 242
and 248 are shared by all the rows of the CCD sensor, the
image-acquiring unit 502 includes two additional electrical
lines 504 and 506 from the vertical drive circuit 238, when
compared to the image-acquiring unit 108 of FIG. 2.

During video operation, the image-acquiring unit 502
acquires both image signals and smear signals in the fol-
lowing manner. First, the image area 204 of the CCD sensor
202 is cleared of existing charges. During an exposure
period, the vertical drive circuit 238 provides high voltage,
e.g., 12 volts, to only the electrical lines 244 and 246. The
voltage on the remaining electrical lines 242, 248, 504 and
506 is maintained at 0 volts. Consequently, only the image
rows are allowed to accumulate charges. At the end of the
exposure period, a frame shift is performed to transfer the
accumulated charges from the image area 204 of the CCD
sensor to the storage area 206. The frame shift is performed
by providing voltages in phases to the gate electrodes of the
CCD sensor by the vertical drive circuit 238. During this
transfer, smear charges are accumulated in the image area of
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the CCD sensor. Thus, the accumulated charges from the
image rows will be increased by the smear charges.
However, since there were no accumulated charges from the
smear rows prior to the frame shift, the transferred charges
from the smear rows include only the smear charges that
were accumulated after the exposure period. The transferred
charges in the storage area of the CCD sensor are then
serially readout as analog signals through the serial register
208 on a row-by-row basis. Similar to the first embodiment,
the analog signals are amplified by the amplifier 240 and
transmitted to the CDS unit 110, where the analog signals
are noise reduced. The noise-reduced analog signals are then
converted to digital signals by the ADC 112 and transmitted
to the smear cancellation circuit 602, where smear compo-
nents of the digital image signals are removed using the
digital smear signals.

As shown in FIG. 6, the smear cancellation circuit 602 in
accordance with the second embodiment includes a router
604, a single line buffer 606 and a subtracting unit 608. The
router is configured to route smear signals from a smear row
of the CCD sensor 202 to the single line buffer 606, where
the smear signals are temporarily stored. The router is also
configured to route image signals from an image row of the
CCD sensor to the subtraction unit 608, where the image
signals are subtracted by the corresponding smear signals
that were stored in the single line buffer. Since the charges
from the smear rows and image rows of the CCD sensor are
readout on a row-by-row basis, the smear cancellation
circuit 602 receives digital smear signals that represent
smear charges from an adjacent smear row of the CCD
sensor for each image row of the CCD sensor. The smear
signals from the adjacent smear row provide signals that
approximate the smear components of the image signals for
a particular image row of the CCD sensor. Thus, using the
smear signals from the adjacent smear row substantially
removes the smear components of the image signals. After
the smear components have been removed, the smear-
canceled image signals are transmitted to the DSP circuit
116 for further processing. Similar to the smear cancellation
circuit 114 of FIG. 3, the smear cancellation circuit 602 may
be incorporated into the DSP circuit.

The operation of the digital imaging apparatus 100 in
accordance with the second embodiment is described with
reference to FIG. 7. At step 702, the image area 204 of the
CCD sensor 202 is cleared of existing charges. The image
area may be cleared by momentarily setting the voltage on
the gate electrodes 210, 212, 214, 216, 218 and 220 of the
image area to O volts. Next, at step 704, charges are
accumulated in the image rows of the image area in response
to impinging illumination until the end of the exposure
period. The accumulated charges in the photosensitive pixels
of the image rows represent an electronic image of a scene
of interest. At step 706, a frame shift is performed on the
CCD sensor to transfer the accumulated charges from the
image area of the CCD sensor to the storage area of the CCD
sensor, during which the accumulated charges may be con-
taminated with additional photon-induced charges, i.e.,
smear charges. In addition, smear charges also accumulate in
the smear rows of the image area as the accumulated charges
in the image rows of the CCD sensor are being transferred
to the storage area of the CCD sensor. The resulting charges
from the image and smear rows are then readout of the CCD
sensor through the serial register 208 on a row-by-row basis
as analog image signals and analog smear signals, at step
708. Next, at step 710, the analog signals are amplified,
correlated double sampled, and converted into digital image
signals and digital smear signals.
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Next, at step 712, the digital smear signals from a smear
row of the CCD sensor are temporarily stored in the single
line buffer 606 of the smear cancellation circuit 602. At step
714, the digital image signals from a subsequent image row
of the CCD sensor 202 are subtracted by the stored smear
signals to derive smear-canceled image signals for that
subsequent image row. Steps 712 and 714 are repeated until
all the signals from the CCD sensor have been processed.

In an alternative configuration, the image signals from the
image rows of the CCD sensor 202 are temporarily stored in
the single line buffer 606 of the smear cancellation circuit
602 rather than the smear signals. Thus, in this
configuration, the subsequent smear signals from an adja-
cent smear row of the CCD sensor are used to remove the
smear components of the image signals from an image row
of the CCD sensor.

A concern with the digital imaging apparatus 100 in
accordance with the second embodiment is that half of the
CCD sensor 202 of the image-acquiring unit 502 is used to
acquire smear signals during video operation. Thus, the
CCD sensor must be twice as large as a conventional CCD
sensor to capture video frames having the same resolution.
In an alternative embodiment, the digital imaging apparatus
is configured such that the CCD sensor utilizes fewer smear
rows. As an example, the image area of the CCD sensor may
include a smear row 802 for every four consecutive image
rows 804, as illustrated in FIG. 8. In this exemplary
embodiment, a pair of adjacent smear rows is used to
estimate the smear components of the image signals for the
image rows between the two adjacent smear rows. Thus, the
smear rows 802A and 802B are used to estimate the smear
components of the image signals for the image rows 804a.
Similarly, the smear rows 802B and 802C are used to
estimate the smear components of the image signals for the
image rows 804b, while the smear rows 802C and 802D are
used to estimate the smear components of the image signals
for the image rows 804c.

In the alternative embodiment, the digital imaging appa-
ratus 100 includes a smear cancellation circuit 902, which is
shown FIG. 9. The smear cancellation circuit 902 comprises
a router 904, a multiple line buffer 906, an interpolation unit
908 and a subtraction unit 910. The router operates to direct
the digital signals from the ADC 112 to either the interpo-
lation unit 908 or the multiple line buffer 906, depending on
whether the signals are image signals or smear signals. The
smear signals from two adjacent smear rows of the CCD
sensor 202, e.g., the smear rows 802A and 802B, are routed
to the interpolation unit 908, while the image signals from
the image rows of the CCD sensor between the two adjacent
smear rows, e.g., the image rows 804a, are routed to the
multiple line buffer 906. The interpolation unit then inter-
polates the smear signals from the two adjacent smear rows
to derive estimated smear signals that represent the smear
components of the image signals from the image rows
between the two adjacent smear rows. In one approach, the
estimated smear signals may be the average of two corre-
sponding smear signals from the adjacent smear rows. Thus,
in this approach, the same estimated smear signals are used
for each of the image signals from the image rows between
the adjacent smear rows. In another approach, the estimated
smear signals are generated for each image signal from the
image rows between the adjacent smear rows. In this
approach, two corresponding smear signals are interpolated
to generate four different estimated smear signals. As an
example, the four estimated smear signals may fall along a
straight line defined by the two corresponding smear signals.

The estimated smear signals and the image signals from
the image rows between the two adjacent smear rows are
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then transmitted to the subtraction unit 910 of the smear
cancellation circuit 902, where the image signals are sub-
tracted by the estimated smear signals to cancel the smear
components of the image signals. The smear-canceled image
signals are then transmitted to the DSP circuit 116 for further
processing.

The operation of the digital imaging apparatus 100 in
accordance with the alternative embodiment is described
with reference to FIG. 10. At step 1002, the image area 204
of the CCD sensor 202 is cleared of existing charges. The
image area may be cleared by momentarily setting the
voltage on the gate electrodes of the image area to O volts.
Next, at step 1004, charges are accumulated in the image
rows of the image area in response to impinging illumination
until the end of the exposure period. The accumulated
charges represent an electronic image of a scene of interest.
At step 1006, a frame shift is performed on the CCD sensor
to transfer the accumulated charges from the image area of
the CCD sensor to the storage area 206 of the CCD sensor,
during which the accumulated charges may be contaminated
with additional photon-induced charges, i.e., smear charges.
In addition, smear charges also accumulate in the smear
rows of the image area as the accumulated charges in the
image area of the CCD sensor are being transferred to the
storage area of the CCD sensor. The resulting charges from
the image and smear rows are then readout of the CCD
sensor through the serial register 208 on a row-by-row basis
as analog image signals and analog smear signals, at step
1008. Next, at step 1010, the analog signals are amplified,
correlated double sampled, and converted into digital image
signals and digital smear signals.

Next, at step 1012, the digital smear signals from two
adjacent smear rows of the CCD sensor 202 are routed to the
interpolation unit 908 of the smear cancellation circuit 902.
At step 1014, the digital image signals from the image rows
of the CCD sensor between the two adjacent smear rows are
routed to the multiple line buffer 906 of the smear cancel-
lation circuit 902. At step 1016, the estimated smear signals
are derived by either interpolating or averaging the smear
signals. At step 1018, the digital image signals are subtracted
by the estimated smear signals to derive smear-canceled
image signals. Steps 1012-1018 are repeated until all the
signals from the CCD sensor 202 have been processed.

A method of reducing smear in images captured using a
frame-transfer CCD sensor is described with reference to
FIG. 11. At step 1102, image signals that represent an image
of a scene of interest are generated. The image signals
include image components and smear components. The
image components correspond to electrical charges collected
in the CCD sensor during an exposure period, while the
smear components correspond to electrical charges collected
in the CCD sensor after the exposure period. Next, at step
1104, estimated smear signals that represent the smear
components of the image signals are generated. The esti-
mated smear signals are based on electrical charges accu-
mulated in the CCD sensor after an exposure period. At step
1106, the smear components of the image signals are sub-
stantially removed using the estimated smear signals.

What is claimed is:

1. A method of reducing smear in images captured using
an electronic image sensor comprising:

acquiring image signals that represent an electronic image

of a scene of interest using first photosensitive pixels of
an image acquiring unit, some of said image signals
including image components and smear components,
said image components corresponding to electrical
charges collected in an image acquiring unit during an
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exposure period, said smear components corresponding
to electrical charges collected in said image acquiring
unit after said exposure period;

acquiring estimated signals corresponding to said smear

components of said image signals using second pho-
tosensitive pixels of said image acquiring unit, said
signals being based on electrical charges accumulated
in said image acquiring unit; and

substantially removing said smear components from said

image signals using said estimated signals to reduce
smear in said electronic image.

2. The method of claim 1 wherein said step of acquiring
said image signals includes collecting electrical charges in
an electronic image sensor of said image acquiring unit from
the start of an exposure period, and wherein said step of
acquiring estimated signals corresponding to said smear
components includes collecting electrical charges in said
electronic image sensor from the end of an exposure period.

3. The method of claim 2 wherein said step of generating
said estimated smear signals and said step of generating said
image signals are executed in sequence.

4. The method of claim 2 wherein said step of acquiring
estimated signals corresponding to said smear components
and said step of acquiring said image signals are executed in
parallel.

5. The method of claim 4 wherein said step of acquiring
estimated signals corresponding to said smear components
includes collecting electrical charges in selected portions of
said electronic image sensor from the end of an exposure
period to acquire sample smear signals.

6. The method of claim 5 wherein said step of collecting
said elcetrical charges in said selected portions of said
electronic image sensor includes collecting said electrical
charges in selected photosensitive pixel rows of said elec-
tronic image sensor.

7. The method of claim 6 further comprising a step of
interpolating said sample smear signals from adjacent pixel
rows of said selected photosensitive pixel rows of said
electronic image sensor to derive estimated smear signals.

8. The method of claim 7 wherein said step of substan-
tially removing said smear components of said image signals
includes subtracting said image signals associated with
photosensitive pixel rows of said electronic image sensor
that are positioned between said adjacent pixel rows of said
electronic image sensor by said estimated smear signals.

9. The method of claim § wherein said step of acquiring
estimated signals corresponding to said smear components
includes collecting electrical charges in every other photo-
sensitive pixel row of said electronic image sensor from the
end of an exposure period to acquire said sample smear
signals.

10. The method of claim 9 wherein said step of substan-
tially removing said smear components of said image signals
includes subtracting said image signals associated with a
first photosensitive pixel row of said electronic image sensor
by estimated smear signals associated with a second pho-
tosensitive pixel row of said electronic image sensor, said
second photosensitive pixel row being adjacent to said first
photosensitive pixel row.

11. An apparatus for reducing smear in electronic images
comprising:

an image acquiring unit comprising a charged coupled

device (CCD) image sensor having an array of first
photosensitive pixels and second photosensitive pixels,
said first photosensitive pixels being configured to
exclusively generate image signals that represent an
electronic image of a scene of interest, some of said
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image signals including image components and smear
components, said image components corresponding to
electrical charges collected during an exposure period,
said smear components corresponding to electrical
charges collected after said exposure period, said sec-
ond photosensitive pixels being configured to exclu-
sively generate estimated signals corresponding to said
smear components of said image signals, said signals
being based on electrical charges accumulated in said
image acquiring unit; and

a smear cancellation unit operatively coupled to said

image acquiring unit to substantially remove said smear
components from said image signals using said esti-
mated signals to reduce smear in said electronic image.

12. The apparatus of claim 11 wherein said second
photosensitive pixels of said CCD image sensor are located
on selected pixel rows of said CCD image sensor.

13. The apparatus of claim 12 wherein said smear can-
cellation circuit includes an interpolation unit that generates
estimated smear signals from said estimated signals from
adjacent pixel rows of said selected pixel rows of said CCD
image sensor.

14. The apparatus of claim 13 wherein said smear can-
cellation unit includes a subtraction unit that subtracts said
image signals associated with pixel rows of said CCD image
sensor that are positioned between said adjacent pixel rows
of said CCD image sensor by said estimated smear signals
to substantially remove said smear components from said
image signals.

15. An apparatus for reducing smear in electronic images
comprising:

an image acquiring unit being configured to generate

image signals that represent an electronic image of a
scene of interest, some of said image signals including
image components and smear components, said image
components corresponding to electrical charges col-
lected during an exposure period, said smear compo-
nents corresponding to electrical charges collects after
said exposure period, said image acquiring unit being
configured to obtain estimated signals corresponding to
said smear components of said image signals, said
signals being based on electrical charges accumulated
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in said image acquiring unit, said image acquiring unit
including photosensitive pixel rows; and

smear cancellation unit operatively coupled to said image

acquiring unit to substantially remove said smear com-
ponents from said image signals using said estimated
signals to reduce smear in said electronic image, said
smear cancellation unit including an interpolation unit
that generates estimated smear signals from said esti-
mated signals from adjacent pixel rows of selected
photosensitive pixel rows of said image acquiring unit.

16. The apparatus of claim 15 wherein said smear can-
cellation unit includes a subtraction unit that subtracts said
image signals associated with pixel rows of said image
acquiring unit that are positioned between said adjacent
pixel rows of said image acquiring unit by said estimated
smear signals to substantially remove said smear compo-
nents from said image signals.

17. The apparatus of claim 15 wherein said image acquir-
ing unit includes an electronic image sensor configured to
generate sample smear signals that represent said smear
components of said image signals.

18. The apparatus of claim 17 wherein said electronic
image sensor is configured to generate said image signals
and said sample smear signals in parallel.

19. The apparatus of claim 18 wherein said electronic
image sensor includes said selected photosensitive pixel
rows that are configured to exclusively generate said sample
smear signals.

20. The apparatus of claim 19 wherein said selected
photosensitive pixel rows of said electronic image sensor are
every other pixel rows of said electronic image sensor.

21. The apparatus of claim 17 wherein said electronic
image sensor includes a charge coupled device.

22. The apparatus of claim 1 wherein said electronic
image sensor is configured to generate a set of said image
signals and a set of said sample smear signals in sequence.

23. The apparatus of claim 20 wherein said smear can-
cellation unit includes a subtraction unit that subtracts said
image signals by said sample smear signals to substantially
remove said smear components from said image signals.
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