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METHODS AND CIRCUITS FOR INTRINSIC PROCESSING
" OF IMAGE DATA WITHIN IMAGE SENSING DEVICES

BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention relates generally to the field of image processing. More
specifically, the invention relates to image or motion video compression.
2. Description of the Related Art

In the current state of the art, image capture devices, those devices which
represent an environment or scene by electrical signals that are proportional to the color
and/or intensity of light present in the scene, are often manufactured and designed using
CCD (Charge Coupled Device) technology. A CCD image capture device utilizes small -
photocells to generate electrical signals that are related to the incident light from the
scene that strikes the photoéells. The imaging device contains a two-dimensional array
of such photocells such that a series of signals across an entire focused upon scene can be
captured and stored. More recently, CMOS (Complementary Metal Oxide
Semiconductor) imager devices have been developed which function to provide the same
sort of output signals that CCD devices to but often at a lower cost and complexity.
Examples of common imaging devices include scannei‘s, motion video cameras and
digital still cameras. '

Many of these imaging devices, whether based on CMOS or CCD technology, are
designed to be compliant with a transmission standard known as NTSC (National
Television Systems Committee). One stricture of NTSC is that an image should be
transmitted not in successive scan rows (of the imager array), but with odd rows
transmitted separately from the even rows. This process of separating odd and even rows
is commonly referred to as an interlaced scan. An NTSC signal has light intensity
information encoded as analog voltage levels, color information encoded in the phase
and amplitude of a color carrier frequency and so on. When an NTSC signal is
forwarded for image processing to a computer system, the computer system utilizes a
signal converter to transform the analog encoded information into luminance and

chrominance digital values for the transmitted image. The most commonly used
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luminance-chrominance format for the digital representation of images is known as

. YCrCb(a digital color system referred to as'the CCIR (International Consultative

Committee on Broadeastmg) 601 color space) The converswn from NTSC to YCrCb is
serial in nature and due: to the serial processmg character of most commercially available
miCroprocessors. Subsequent image processmg |s also performed in serial. One notable
exception to the predommance of sena] data processmg is lntel’s MMX(TM) technology
based processors which use SIMD (§m_g_le_ {r;sg:ue,tron -Multxpj_e Data) processing. To

complement the use of such processors in cortjt;rt_ction w1th1magmg devices, it would be

useful to have parallel p'rocessing of 'the oells ﬁsed to capture "digital values. Further, a

key factor in the praetlcal appllcanon of the drgltal photocell 1s that the relatively long

integration times of the analog photocell pomon allows the useof a relatively slow, but
therefore simple method of dlgmzatlon For motion video, whu:h involves certain
inherently serial operatlons such per-plxel dlfference calculatlons (where the difference
between pixels and/or frames rather than the ongmal values are encoded), it is useful to
implement an architecture that allows such calculattons to be performed on the i lmagmg
device rather than strlctly through a host processor

SUMMARY OF 'H-IE INVENTION _
What is drsclosed is an apparatus comprlsmg an analog photocell adapted to

capture light energy incident upon it as an analog srgnal a sample-and-hold amplifier
coupled to the photocell and adapted to store the analog s1gnal and a digital converter

coupled to the amplifier, the converter transfo' Img the analog signal into a digital value,

the value proportional to the amount of the hght energy.

BRIEF DESCR]PTION OF THE DRAWINGS
The objects, features and advantages of the method and -apparatus for the present
invention will be apparent from the followmg descnpnon in whlch
Figure 1 illustrates a digital photocell utlhzed in the. mventlon
Figure2isa snmphﬁed block dxagram of a conventlona] serial imager.
Figure 3 nllustrates an archltecture for more eff’ cient 1mage differencing.

Figure 4 illustrates one embodlment of the mventron

._2.
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Figure § -illﬁ%ii‘fgtes a per-pixel analog differencé“%%@ine according to an
embodiment of the invention.
Figure 6 illustrates a per-pixel digital difference engine according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

One aspect of the invention involves enhancing each photocell that is used in the

imaging array to capture a scene. Rather than using a purély analog photocell it may be
- advantageous, in devices manufactured from CMOS technology, to utilize a combination
of analog and digital signaling. An analog photocell can be embedded, according to one
embodiment of the invention, with conversion circuitry to create a digital photocell. The
digital photocell will convert the analog signal generated by incident light into a digital
* code, allowing it to image processed in the digital domain. An array of such digital
photocells can be used, as shown in Figure 6, to implement a digital image processing
system on the imaging device. o '
Figure 1 illustrates a digital photocell utilized in the invention.
An analog photocell 110 captures the light energy incident upon it from the scene

being imaged. The analog photocell 110 operates according to an integration time, T,
which varies according to ambient light condition. The integration time is less than the
interval needed to saturate the photocell. The charge accumulated at the photocell is
input to a sample and hold amplifier 120. When the photocell discharges its charge, a
counter 140 is reset and begins counting for the next integration period. The counter 140
is driven by a voltage control oscillator (VCO) 130. VCO 130 has an input level set by a
previously acquired charge that has been stored in the sample and hold amplifier 120.
VCO 130 controls the speed at which the counter 140 increases. The greater the light
intensity at the analog photocell the faster the counter 140 will be driven by VCO 130.
During an integration period for a particular charge, counter 140 is counting up, and
before reset, its value is sent to a register 150.  The digital value in register 150, which is
also the final value of counter 140, reflects the intensity value of the pixel in the previous
integration period. For a motion imaging system, register 150 contains the pixel of one

“frame” in the imaging. The photoelectric charge representative of the next frame is in

3



WO 00/69166 . ) .PCT/US00/11963

-.sample and hold ctrcult 120 while the counter 140 is generatmg the digital value

representative of the next frame The register 150 holds the pixel value until it is output
as part of the image or - for further processmg Each of the dlgltal photocells that
compose the imager prxel array r_nay be regulated using t__he same timing and control
sequence since the 'p'hOtocells act m parallel outputting an 'entire frame periodically.

To ensure that the dynamic range of the counter matches the dynamic range of the
photocells, the sample and hold amphﬂer can be equrpped to scale the input to VCO 120
as appropriate. The: dynarmc range may be mlsmatched due to differing ambient light
levels in the scene bemg captured The vanance in mtegratton period that may result
from a charge in ambrent light of the scene ensures that the captured image has the
proper contrast. To ad_]ust the dynamrc range of the VCO 120 to match the analog
photocell, a global scahng voltage 160 can be applied | to the sample and hold amplifier of
each digital photoce)l in the array whlch umformly adapts the VCO component in each
photocell to have a dynamrc range conslstent with the present ambient light conditions.
The enhanced dlgttal photocell ¢ of Flgure l may be utrhzed ina serial imaging device, or
for use in parallel i tmage processmg archttectures _

Figure2isa ‘simplified block dlagram ofa conventxonal serial imager. -

As noted above, motion wdeo compressron such as MPEG, utilizes a differencing
approach to encode successive frames of image data. After two frames are captured or

- imaged completely, t the dlfference between corresponding prxels is computed and this

difference is then encoded Thrs allows htghly eorrelated or redundant image features to
be encoded using: the fewest number of bits.. . For instance, m a video-conferencing
session, the background of the captured 1mage may change only slightly or not at all from
one frame instance to the next. In thrs case, rather than n'ansmtttmg the entire

background portion at a successive frame, just the pixel vanance between frames could

be transmitted. In I"lgure 2, the sena] tmager utilized in CCD imaging devices would

shift out pixel mformatton for an entire frame and then another entire frame before the
first difference frame could be computed Thrs convent!onal method required thus the
capturing and stonng of two (or more) enure image frames to generate a third frame
representing the dlfference The first frame, “key” frame is captured and digitized, as is
a successive frame. The dlgluzed frames are then dtffere_d to generate a difference frame.
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To reduce the deléfiand computational load in convenﬁ‘ghal image differencing
apparatus, an architecture similar to that of Figure 3 may be employed.

Figure 3 illustrates an architecture for more efficient image differencing. The
conventional design of imaging devices is to perform differencing of successive captured
frames after they are captured and digitized. To improve upon this conventionat design,
the computational load can be reduced significantly if an analog differencing is done
prior to digitizing. The parallel-shift differencing apparatus of Figure 3 utilizes shifting
to achieve the goal of generating image difference data.

Consider a set of eight exemplary analog photocells Asi, As2, Ass, Azg, Ass, Ass,
A3, and Azs. Photocells capture analog light intensity at fixed locations in the scene.
These intensity values are represented by an amount of charge that accumulates in the
photocell during its integration time. The photocells A3, ... Asg do not generate a
digitized output as does the digital photocell unit of Figure 1.- Rather, the stored charge
is passed at the end of the integration period (which is the same for all photocells in a
given frame instant), to a corresponding shift cell. For each row of analog photocells,
there are two rows of shift cells. One row of shift cells stores photocell outputs for a first
frame (“key” frame) while a second row of shift cells stores the photocell outputs of the

“successive frame. Each row of shift cells outputs photocell data serially.

The row of shift célls for key frame output are designated S32, S34, S36, S38, S0,
S42, Sas and Sy6. The row of shift cells storing output for the frame immediately
succeeding the key frame are labeled S3), S33, S35, S37, S39, S41, S43 and S45. When the
imaging architecture is first initialized, all shift cells store a null or zero intensity value.
When the first image frame is captured, each of the analog photocells A3y, ... A3g will
develop a charge representative of light intensity at a particular location in the scene that
is incident upon the photocell. This set of signals is transferred to the row of shift cells

) Sai, S33, ... S46. The row of shift cells for key frame is at that instant, unfilled. Rather
than outputs this first frame of data, the architecture waits until the next frame is

- captured. When the next image frame is captured by analog photocells As), ... Ass, the
result of the previous frame is first transferred from shift cells S3), S33, ... S45 to the row
of shift cells S32, Sz, ... Sss, respectively, as indicated in Figure 3. Next, at the end of
the integration period for the second frame, the signals are transferred from analog
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photocells Agy, ... Ass to the shift cells Ss1, S, ... Sus. At that instant, both rows of shift

cells contain image frame mformatton 'I'he row of shtft cells 832, Sss, ... S46 which
stores the first frame is shifted out. This represents a key frame output 312. Key frame
output 312 is s1multaneously shlfted to an mput dtfferenttal op-amp (operational
amplifier) 310. '

The result of the current frame stored in shtft cells_'_S3., Sa3, ... S4s, is shifted out to
the other input of dtfferentlal op-amp 310. leferentlal o_ amp 310 generates an analog
signal, deita frame output 314, whlch is the result of prewous frame (key frame)

subtracted from the current frame The analcg signal delta frame output 314 and key

frame output 312 may both be drgmzed pnor to storage or processmg Since a serial
shifting operation wnll output the analog key frame and current frame outputs only pixel
by pixel, the enttre current frame and key frame must ﬁrst be shifted to output and to
differential op-amp.310. After the senal shtftlng operatnon is complete and the last of the
key and current frames are output/processed then the current frame stored in shift cells
S31, S33, ... Sas is shtfted in parallel to the row Saz, Si4, o $46 and thus, becomes the next
key frame. '

The advantages of this destgn lte pnmanly in the abrlxty to send to dtgrtrzatlon
only an analog difference frame. outpnt, rather than two entn'e image frames. Depending
on the further down-the-hne processmg to be performed, the delta frame output 314
and/or the key frame output 312 may be dlgmzed In the conventxonal design, two entire
frames of analog photocell mformatton is captured, and shtfted out separately, after
which digitizing and dlfferencmg are performed In the archltecture of Figure 3, both
the key frame 312 and the differential for the next frame (delta frame output 314) are
shifted to output srmultaneously . :

The embodtment of Fi igure 3 still requires the shrftmg out of an entire key frame
and difference frame, albeit srmultaneously, before another frame can be captured by the
analog photocell. A further i xmprovement to this archxtecture is shown in Figure 4
according to yet another embodiment of the invention.

Figure 4 illustrates one embodiment of the inver_rtion.

In the embodiment of F‘ﬁgure 4, the current framels shifted out immediately and
is also regenerated and fed back by way of an op-amp 420
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In the archi ‘é&ture of Figure 4, a current 1mage' mme is captured by an array of
N+1 analog photocells Ag, A;...AN which are then passcd in paraliel to shift cells Cy,

C,...Cn, respectively. Shift cells Cp, C,...Cy shift out the captured frame data in a
cascade (bucket-brigade) fashion from Cy to Co. The current frame data is regenerated
by an op-amp 420 and fed back to an array of shift cells Sn...Sp as shown.  As the
regenerated current frame is fed back, the current frame is differenced against a previous
frame shifted out of the array of shift cells Sy...Sn. The differencing between the current
frame and the previous frame is accomplished by an op-amp 410 and produces a pixel-
by-pixel difference frame output. This serial imaging system has the intended advantage
of providing both the current frame and a difference frame without having to wait for an
entire frame of pixel data to be captured. Ordinarily, two frames, a first frame and a
second frame must both be captured before a difference frame can be generated. The
architecture of Figure 4 eliminates such a limitation on serial imaging. Op-amps 410
and 420, though not described in detail, can be designed by one of skill in the art but
should have the capabilities of boosting signal integrity in the case of op-amp 420 and
differencing two signals in the case of op-amp 410.

Figure 5 illustrates a per-pixel analog difference engine according to an
embodiment of the invention. _

The embodiment of Figure 5 allows the transmission of multiple difference
frames based upon a key frame. The imaging apparatus would first capture and transmit
at the image output the key frame where none of the pixels are differential. This key
frame, shifted out via shift cells Ss;, Ss3, ... Ss4, is also-fed back into an array of analog
holding registers Hs), Hss, ... Hss. Priorto being fed back and output, each pixel is
passed to a regeneration amplifier RS which regenerates the charge level of the pixel to
avoid loss in the delay of transmission. This feedback of the current frame into holding
registers Hs;...Hsq assures that the frame will be available as the “previous” frame when
the next frame is captured. With the completed frame thus stored, it is possible to
calculate a difference frame and transmit this difference at the next frame cycle.

To achieve this, the output each analog holding register Hs), Hsz, Hs3 and Hsg is
linked to the input of a differential operational amplifier Os;, Osz, Os3 and Osq,
respectively. The current frame is captured by analog photocells Asj, Asz, As3 and Asy
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whose output is passed to other i input of drfferentral operauonal amplifier Os;, Osa, Os3
and Osy, Tespectively. After the key frame 1s transmitted, a;, the output, each subsequent
frame may be transmxtted as the dlfference relatlve to the prevrous frame or key frame as
computed by amplifiers Os), Osa, 053 and Oss. Any number of subsequent “difference”
frames may be transmmed to the output untll the next key frame is desired. The input to
each shift cell Ss), Ssz, S53 and Ss4 is one of erther the ermre ongmal frame captured by
-analog cells Asj, Asa, A53 and Asy, respecnvely, (whena key frame is desired) or the

difference output of the operational atnpllﬁers Osy, Osa, 0,5;; and Os;, respectively.

A select signal (not sh'own‘). is sent to each of a set of analog multiplexers Ms),
Ms2, Ms; and Ms, which routes eirher the appropriate key frame data (frame Ags), As,
Ass and Asy, respectively) or diffe,rcnce frame data (Osy, Os2, Os3 and Osq) as desired by
the application user to shift cells Ss 1, 852, S53 and Ssq, respect_ively. Additional rows of
shift cells and similar architecture' may .be linked together 'one after another as described.

Figure 6 1llustrates a per-prxel drgltal dlfference engxne according to an
embodiment of the invention. ,,_

The embodiment of Flgure 6 allows the transmrss:on of multiple difference
frames based upon a key frame. The 1magmg apparatus would first capture and transmit
at the image output the key frame where none of the pixels. are differential. The initial

-key frame which is captured by dngrtal photocells (pixels)] D61 D62, D63 and D64, is
output on output bus 600 Srmultaneously, the digital prxel_s_ _Dﬁl D62, D63 and D64 is
fed to a series of digital holding registers H61, H62, H63 and H64, respectively. This
feedback of the current frame into holding registers H;...Hes assures that the frame will
be available as the ‘prevrous” frame when the next frame i is captured. With the
completed frame thus stored, it is pOSSlb]e to calculate a dlfference frame and transmit

: this difference at the next frame cycle _'

é ' To achieve this, the output each dlgnal holdmg regrster He1, He2, Hez and Hgy is
linked to the input of a subtracuo_n unit S_5|, Se2. Se3 and Sgs, respectively. The current
frame is captured by digital photoceils Dé;, Dsz, De¢3 and D54 whose output is passed to
other input of subtraction unit Sei, Ssz, 853 and Se4, respectlvely After the key frame is
transmitted, at the output, each subsequent frame may be transmmed as the difference

relative to the prevnous frame as computed by subtraction -_umts Sé1, S62, Se3 and Seq. Any
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number of subsequ “difference” frames may be transfnitted to the output until the next

key frame is des _

The outbut bus transmits one of either the key frame pixels (from D¢, Dg2, De3
and Dgg) or differehce frame pixels (from subtraction units Sg1, Se2, Se3 and Ses)
depending on what the applicant/user desires. Based upon the desired mode, key or
difference, a select signal (not shown) is sent to each one of digital multiplexers Mg,
Me2, Mg3 and Mgs which then accordingly routes either key frame pixels (from Dg,, Dsg,
Ds;3 and Dgg, respectively) or difference frame pixels (from Se1, Ssé, Ses and Ses,
respectively) as indicated. Additional digital outputs similar to those provided by M,
Mgz, M3 and Mgs may be repeatedly constructed for each pixel desi;ed. _

The exemplary embodiments described herein are provided merely to illustrate
the principles of the invention and should not be construed as limiting the scope of the
invention. Rather, the principles of the invention may be applied to a wide range of
systems to achieve the advantages described herein and to achieve other advantages or to

satisfy other objectives as well.
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1. An apparatus comprtsmg .
an analog photocell adapted to capture Itght energy mctdent upon it as an analog
signal; : L L

a sample-and-hold amphﬁer coupled to said photoce]l and adapted to store said
analog signal; :

a digital converter coupled to said amplifier said converter transforming said
analog signal into a digital value, said value proportional t:o t_he amount of said light

2. An apparatus accordmg to clatm 1 wherem said dtgttal converter includes:

a voltage controlled osctllator, S

a counter coupled to said oscillator, said osctilator settmg the rate of increase of
said counter, said rate propomonal to said stored analog stgnal.

3.  An apparatus according to claim 2 further comprising:

a register coupled to said qounte_r, said register reéeiuing said digital value as an
output of said counter at the end af a predetermined time period.
4. An apparatus according to claim 2, wherein said digital converter includes:

a scaling signal supply, saiti supply adapting the output of said oscillator in a
dynamic range consistent with ambient 'ligh,ting to which said photocell is exposed.

5. An apparatus according to claim 1 utilized in an imaging device.

6. A system comprising:
an array of analog photocells;
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a first arra'- 'df shift cells, cach of said first an'ai Shift cells coupled to one of said
analog photocells, and ' .
a second array of shift cells coupled to said ﬁrst array shift cells such that each

first array shift cell is coupled to one of said second array shift cells.

7. A system according to claim 6 further comprising:

a differential operational amphﬁer having two input terminals, one input terminal
coupled to the terminating output of said first array of shift cells, the other input terminal
coupled to the terminating output of said second array of shift cells, said amplifier
providing a signal representative of the difference between said first array terminating

output and said second array terminating output.

8. A system according to claim 7, wherein a set of such signals, said set as large as
the size of said first array, repreéent a delta frame of an image.

9. A system according to claim 7, wherein said second array terminating output
represents a key frame of an image when said system is first initiated.

10. A system comprising:

a first array of shift cells, the output of each of said first array shift cells coupled
to the input of the next of said first array shift cells;

a second array of shift cells; and

an array of analog photocells, each of said photocells coupled to a corresponding

one of said second an'ay shift cells.

11. A system according to claim 10 compﬁsing:
a differential operational amplifier, having two input terminals, one input
terminal coupled to the terminating output of said first array of shift cells, the other input

terminal coupled to the terminating output of said second array of shift cells, said
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- amplifier providing a signal representative of the difference between said first array

terminating output and said second array terminating output.

12. A system according to claim 11, wherein a set of such signals, said set as large as

the size of said first array, represent a delta frame of an image.

13. A system according to claim ll further compnsmg

a regeneration amplifier havmg an input termmal coupled to the termmatmg
output of said second array of shift cells, the output of said regeneration amplifier
coupled to the initiating input of said first array of shift cells, said regeneration amplifier

enhancing the terminating output of Said second array of shift cells.

14.  An apparatus comprising:
a digital photocells, reptesentmg the light intensity of an area of an image as a
pixel value;
“a holding register coupled to said photocell, said register receiving said value;
and | '
a subtraction unit coupled to both said photocell and said holding register, the

subtraction unit differencing a current pixel value of said photocell with a previous pixel

value as stored in said holding register.

* - C L .M S *

a multtplexer coupled to said subtract;on unit and said digital photocell, said

15.  An apparatus according to claim 14 further comprising:

an output bus and

multiplexer selectively providing one of the output of said subtraction unit and the value

in said digital photocell to said output bus.
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