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MULTIPLE CODEC-IMAGER SYSTEM AND 
METHOD 

RELATED APPLICATION(S) 

[0001] The present application claims priority from a ?rst 
provisional application ?led Apr. 19, 2002 under Ser. No. 
60/374,061, and a second provisional application ?led Jun. 
21, 2002 under Ser. No. 60/390,380, Which are each incor 
porated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to data compression, 
and more particularly to compressing data utilizing Wave 
lets. 

BACKGROUND OF THE INVENTION 

[0003] Video “codecs” (compressor/decompressor) are 
used to reduce the data rate required for data communication 
streams by balancing betWeen image quality, processor 
requirements (i.e. cost/poWer consumption), and compres 
sion ratio (i.e. resulting data rate). The currently available 
compression approaches offer a different range of trade-offs, 
and spaWn a plurality of codec pro?les, Where each pro?le 
is optimiZed to meet the needs of a particular application. 

[0004] 2D and 3D Wavelets are current alternatives to the 
DCT-based codec algorithms carried out by MPEG video 
distribution pro?les. Wavelets have been highly regarded 
due to their pleasing image quality and ?exible compression 
ratios, prompting the JPEG committee to adopt a Wavelet 
algorithm for its JPEG2000 still image standard. Unfortu 
nately, most Wavelet implementations use very compleX 
algorithms, requiring a great deal of processing poWer, 
relative to DCT alternatives. In addition, Wavelets present 
unique challenges for temporal compression, making 3D 
Wavelets particularly dif?cult. 

[0005] For these reasons, Wavelets have never offered a 
cost-competitive advantage over high volume industry stan 
dard codecs like MPEG, and have therefore only been 
adopted for niche applications. There is thus a need for a 
commercially viable implementation of 3D Wavelets that is 
optimiZed for loW poWer and loW cost. 

[0006] Digital image compression and digital video com 
pression are commercially important processes that can be 
performed either by a program running on a general-purpose 
computer processor (including a DSP: digital signal proces 
sor), or by dedicated hardWare such as an ASIC: Application 
Speci?c Integrated Circuit. 

[0007] Digital video compression methods implemented 
in dedicated hardWare are commercially available (from 
Sony and others). HoWever, the standard compression meth 
ods MPEG-1, MPEG-2, MPEG-4, JPEG, Motion-JPEG, and 
JPEG-2000 have thus far required so much dedicated cir 
cuitry that it has been found practical to implement only one 
compression or decompression process in a single ASIC. 

DISCLOSURE OF THE INVENTION 

[0008] Asystem and method are provided for compressing 
data utiliZing multiple encoders on a single integrated cir 
cuit. Initially, data is received in a single integrated circuit. 
The data is then encoded utiliZing a plurality of encoders 
incorporated on the single integrated circuit. 
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[0009] In one embodiment, data may be encoded utiliZing 
multiple channels on the single integrated circuit. Moreover, 
the data may be encoded into a Wavelet-based format. 

[0010] Another single module system and method are 
provided for compressing data. In use, photons are received 
utiliZing a single module. Thereafter, compressed data rep 
resentative of the photons is outputted utiliZing the single 
module. 

[0011] As an option, the compressed data may be encoded 
into a Wavelet-based format. Moreover, the transform opera 
tions associated With the encoding may be carried out in 
analog. The single module may further include an imager. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 illustrates a system for compressing data 
utiliZing multiple encoders on a single integrated circuit. 

[0013] FIG. 2 illustrates a frameWork for compressing/ 
decompressing data, in accordance With one embodiment. 

[0014] FIG. 3 illustrates a method for compressing/de 
compressing data, in accordance With one embodiment. 

[0015] FIG. 4 shoWs a data structure on Which the method 
of FIG. 3 is carried out. 

[0016] FIG. 5 illustrates a method for compressing/de 
compressing data, in accordance With one embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] FIG. 1 illustrates a system 100 for compressing 
data utiliZing multiple encoders 102 on a single integrated 
circuit 104 (i.e. ASIC). As shoWn, a ?rst encoder is embod 
ied on the single integrated circuit 104 for encoding a ?rst 
set of data. Moreover, a second encoder is embodied on the 
same single integrated circuit 104 as the ?rst encoder for 
encoding a second set of data. Of course, more encoders may 
be embodied on the single integrated circuit 104 for similar 
purposes. 

[0018] In use, data is received in the single integrated 
circuit. The data is then encoded utiliZing a plurality of 
encoders incorporated on the single integrated circuit. 

[0019] In one embodiment, data may be encoded utiliZing 
multiple channels on the single integrated circuit. Moreover, 
the data may be encoded into a Wavelet-based format. 

[0020] Many applications for video compression Would be 
better served by an ASIC containing multiple coding or 
decoding stages. An eXample is the category of Personal 
Video Recorders (PVR) or Digital Video Recorders (DVR), 
such as the products of TiVo and Replay TV, Wherein the 
processes of compression and decompression must be per 
formed simultaneously. Another eXample is video surveil 
lance recorders, Wherein many video signals from cameras 
must be multiplexed, compressed, and recorded together. 

[0021] Putting several compression circuits on a single 
ASIC, or a combination of compression and decompression 
circuits on a single ASIC, offers both direct and indirect 
advantages. Direct advantages include reduced package 
count, reduced pin count, reduced poWer consumption, and 
reduced circuit board area. All of these contribute to reduced 
product cost. 
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[0022] Indirect advantages include the possibility to incor 
porate video selection and multiplexing circuitry on the 
same chip, further reducing the pin count and board area. 

[0023] There are noW video compression methods, for 
example the algorithms described during reference to FIGS. 
2-5 developed by Droplet Technology, Inc.(R), that require 
far less circuitry to implement than the conventional and 
standard compression methods. Due to their superior design, 
multiple instances of these advanced compression methods 
may noW be integrated onto a single ASIC or other inte 
grated circuit. 

[0024] Another single module system and method for 
compressing data are further provided. In use, photons are 
received utiliZing a single module. Thereafter, compressed 
data representative of the photons is outputted utiliZing the 
single module. 

[0025] As an option, the compressed data may be encoded 
into a Wavelet-based format. Moreover, the transform opera 
tions associated With the encoding may be carried out in 
analog. The single module may further include an imager. 

[0026] The present embodiment may be implemented for 
building imager arrays—CMOS or CCD cameras or other 
devices—to facilitate the Whole process of capturing and 
delivering compressed digital video. 

[0027] Directly digitiZed images and video take lots of 
bits; it is common to compress images and video for storage, 
transmission, and other uses. Several basic methods of 
compression are knoWn, and very many speci?c variants of 
these. A general method can be characteriZed by a three 
stage process: transform, quantiZe, and entropy-code. 

[0028] The intent of the transform stage in a video com 
pressor is to gather the energy or information of the source 
picture into as compact a form as possible by taking advan 
tage of local similarities and patterns in the picture or 
sequence. The present embodiment Works Well on “typical” 
inputs and ignores their failure to compress “random” or 
“pathological” inputs. 

[0029] Many image compression and video compression 
methods, such as JPEG [1], MPEG-2 [2] and MPEG-4 [4], 
use the discrete cosine transform (DCT) as the transform 
stage. 

[0030] Some neWer image compression and video com 
pression methods, such as JPEG-2000 [3] and MPEG-4 
teXtures [4], use various Wavelet transforms as the transform 
stage. 

[0031] A Wavelet transform comprises the repeated appli 
cation of Wavelet ?lter pairs to a set of data, either in one 
dimension or in more than one. For image compression, one 

may use a 2-D Wavelet transform (horiZontal and vertical); 
for video one may use a 3-D Wavelet transform (horiZontal, 
vertical, and temporal). 

[0032] A Wavelet ?lter pair processes an image (or a 
section of an image) to produce tWo images, each typically 
half the siZe of the input, that can generally be regarded as 
“loW-pass” or average or blurred, for one, and “high-pass” 
or detail or edges, for the other. The full information in the 
input picture is retained, and the original can be recon 
structed exactly (in many cases), from the transformed 
image pair. A Wavelet ?lter pair generally processes an 
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image in one dimension, either horiZontally, vertically, or 
temporally (across a time sequence of frames). The full 
Wavelet transform is composed of a series of these steps 
applied in several dimensions successively. In general, not 
all of the results of earlier steps are subjected to later steps; 
the high-pass image is sometimes kept Without further 
?ltering. 
[0033] A camera has at its heart an imager device: some 
thing that responds to and records varying intensities and 
colors of light for later display and other uses. Common 
imager devices for digital still cameras and video cameras 
today are CCDs and CMOS arrays. Both accumulate an 
electric charge in response to light at each piXel; they differ 
in the Way they transfer and read out the amount of charge. 

[0034] CMOS (“complimentary metal-oXide semiconduc 
tor”) imagers are the neWer technology, and can be made less 
eXpensively than CCDs. Akey advantage of CMOS imagers 
is that the processing of the imager chip resembles the 
processing of digital logic chips rather closely. This makes 
it easier to include control and other functions on the same 
chip. Both kinds of chip, hoWever, are necessarily built from 
analog circuits at the loWest level to measure the analog 
charge or voltage or current that represents the amount of 
light seen. 

[0035] CMOS imagers are very similar in structure to 
DRAMs (“dynamic random-access memories”), and trans 
fer the charge that represents the light seen in a piXel to the 
edge of the array along a grid of metal traces that cross the 
array. This readout method is standard practice for memory 
chips and is Well developed in the industry. 

[0036] CCD imagers, While an older technology, are Well 
developed and offer loWer noise and better sensitivity. CCDs 
(“charge-coupled devices”) transfer the charge that repre 
sents the light seen in a piXel to the edge of the array by 
passing it from cell to cell in bucket-brigade fashion. 

[0037] A CMOS imager or CCD imager differs from a 
digital memory device in that the charge transferred to the 
edge of the array represents not just a “0” or “1” bit value, 
but a range of brightness values. Thus an analog-to-digital 
conversion is required. Preceding this conversion, the signal 
is ampli?ed; it is often subjected to other processing to 
cancel out errors and variability in the chip fabrication and 
operation. A common processing step is “correlated double 
sampling”, in Which a dark sample is taken and stored as a 
measure of the leakage current for this part of the circuit, and 
subtracted from the image sample to reduce noise patterns. 

[0038] The analog processing is done in a differential 
ampli?er, a circuit that responds primarily to the difference 
betWeen its inputs rather than to the absolute siZe of either 
one. 

[0039] At some point in the processing chain betWeen 
light capture and stored digital images, the signal must be 
converted from analog (charge, voltage, or current) repre 
sentation to digital representation. 

[0040] Because one can choose to do the analog-to-digital 
sooner or later in the chain, he or she has the option of doing 
some stages of the overall processing either in analog or in 
digital form. 

[0041] The Wavelet ?lter pair that is a step of a Wavelet 
consists, in some implementations, of a very simple set of 
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additions and subtractions of adjacent and nearby pixel 
values. For instance, useful ?lter pair, called the “Haar 
Wavelet”, is just the sum and difference as follows in 
Equations #11, and 1.2. 

Equations #1.1, and 1.2 

[0042] This generates one sample of the “High” trans 
formed image and one sample of the “LoW” transformed 
image from the same tWo samples of the input image “X”. 

[0043] Other Wavelet ?lters are possible and are used; 
some are very complex, but some are as simple as doing a 
feW Haar steps, summing them together, and scaling them by 
constant amounts. 

[0044] For instance, one of the transforms speci?ed in the 
JPEG 2000 standard [1] is the reversible 5-3 transform. See 
Equations #11], and 1.2]. 

Equation #1.1J, and 1.2] 

[0045] 

[0046] As one can see, the entire Wavelet ?lter pair takes 
5 add/subtract operations and tWo scaling operations; in the 
continuous analog domain the ?oor operations disappear. 

[0047] It turns out that summing analog values together is 
easily and naturally accomplished by differential ampli?ers 
(for either addition or subtraction), and that scaling by a 
constant amount is the easiest operation of all for an analog 
signal, requiring only a resistor or tWo. 

[0048] In contrast, summing values in the digital domain 
requires an adder logic circuit for each bit plus a carry chain; 
scaling by some special constant amounts is easy but general 
scaling is not cheap in digital logic. 

[0049] Because CMOS and CCD imagers are presently 
built using differential ampli?ers to amplify and subtract 
noise from the pixel samples on the chip, it is fairly easy to 
do some simple processing steps on the chip before digital 
to-analog conversion. Doing these steps adds some analog 
circuitry to the chip, but it can be a small amount of circuitry. 

[0050] It turns out in some implementations of the Wavelet 
transform, including those one prefers, that the ?rst step 
computed is the most expensive. This is because each of the 
?rst several steps reduces the amount of image to be 
processed by later stages; one does not necessarily further 
process the “high pass” image output by each ?lter stage. 
Thus implementing the ?rst step or ?rst feW steps in analog, 
before doing analog-to-digital conversion, can reduce the 
digital processing signi?cantly, since only the “loW pass” 
image must be digitally processed. The bene?t can be taken 
either by reducing the amount of digital circuitry, thus 
reducing the chip area it occupies, or by running the digital 
circuitry sloWer, thus reducing its poWer consumption and 
heat generation. 
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[0051] The transform stage of image or video compression 
can be done using a DCT; this process transforms an image 
into a spectrum, Whose successive samples represent the 
content of a range of spatial frequencies in the image. Some 
implementations of DCT use Haar steps, and these could 
bene?t from being done in analog as Well. 

[0052] Usually in Wavelet transforms, one can compute a 
horiZontal ?lter pair as the ?rst step. This seems convenient 
for the analog ?ltering as Well. One can do tWo horiZontal 
steps before doing the ?rst vertical ?lter step, and this Would 
also be convenient in analog. 

[0053] Vertical ?lter steps require the simultaneous pres 
ence of vertically adjacent pixels. In the conventional image 
scanning raster order, such pixels appear Widely separated in 
time (a line time apart). HoWever, in chip imagers such as 
CMOS imagers, it is reasonable to consider rearranging the 
scan order so that several lines appear together, and then it 
is feasible to do a vertical ?lter step in analog as Well, either 
before or after the ?rst horiZontal ?lter step. 

[0054] Imager chips that capture color images typically 
place a color ?lter in front of each pixel, restricting it to one 
of red, green, or blue response. These ?lters are arranged in 
a pattern so that all three colors are sampled adjacently 
everyWhere in the image. 

[0055] Digital video standards, hoWever, prefer an 
arrangement of components other than RGB. The most 
Widely used is YUV, or YCbCI, in Which the Y component 
represents black-and-White brightness or “luma” and the U 
and V components represent color differences betWeen blue 
or red and luma. The reason for this representation is that 
human visual response alloWs loWer resolution in the C 
components, thus alloWing smaller digital representations of 
images. The YUV representation is convenient for compres 
sion as Well. Color imager chips sometimes provide circuitry 
to do the operation of transforming RGB pixel values into 
YUV values, either analog (before conversion) or digital 
(after conversion). 
[0056] One can combine color conversion With Wavelet 
?lter steps in any of several Ways. For instance, the analog 
color conversion can precede the ?rst analog Wavelet ?lter 
step; in this case the Wavelet ?lters Work on full-bandWidth 
Y component and on half-bandWidth U and V components. 
Alternatively, the Wavelet ?lters can be applied to the R, G, 
and B components from the imager array ?rst, folloWed by 
color conversion to YUV; in this case the ?lters Work on 
three full-bandWidth component signals. 

[0057] In another arrangement, one can omit the conven 
tional color conversion step altogether and provide RGB 
components to the Wavelet transform. There are versions of 
the Wavelet transform that accomplish conversion to YUV as 
part of their operation. In this arrangement, the analog 
circuitry that does the color conversion is replaced by the 
analog circuitry that does the ?rst Wavelet steps, for no net 
increase in analog circuitry, reduced digital circuitry, and a 
very clean interface With the digital Wavelet compression 
processing. 
[0058] It has thus been shoWn hoW to make a compressed 
digital video capture subsystem more ef?cient by incorpo 
rating analog computation of the initial Wavelet ?lter step or 
steps. This can be done for monochrome imagers, and can be 
combined in several Ways With the color conversion stage of 
color digital imagers. This method improves the perfor 
mance and computational ef?ciency of Wavelet-based image 
compression and video compression products. 
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[0059] More information regarding an optional framework 
200 in Which the present embodiment may be implemented 
Will noW be set forth. 

[0060] FIG. 2 illustrates a frameWork 200 for compress 
ing/decompressing data, in accordance With one embodi 
ment. Included in this frameWork 200 are a coder portion 
201 and a decoder portion 203, Which together form a 
“codec.” The coder portion 201 includes a transform module 
202, a quantiZer 204, and an entropy encoder 206 for 
compressing data for storage in a ?le 208. To carry out 
decompression of such ?le 208, the decoder portion 203 
includes a reverse transform module 214, a de-quantiZer 
212, and an entropy decoder 210 for decompressing data for 
use (i.e. vieWing in the case of video data, etc). 

[0061] In use, the transform module 202 carries out a 
reversible transform, often linear, of a plurality of pixels (in 
the case of video data) for the purpose of de-correlation. 
Next, the quantiZer 204 effects the quantization of the 
transform values, after Which the entropy encoder 206 is 
responsible for entropy coding of the quantized transform 
coef?cients. 

[0062] FIG. 3 illustrates a method 300 for compressing/ 
decompressing data, in accordance With one embodiment. In 
one embodiment, the present method 300 may be carried out 
in the context of the transform module 202 of FIG. 2 and the 
manner in Which it carries out a reversible transform. It 
should be noted, hoWever, that the method 300 may be 
implemented in any desired context. 

[0063] In operation 302, an interpolation formula is 
received (i.e. identi?ed, retrieved from memory, etc.) for 
compressing data. In the context of the present description, 
the data may refer to any data capable of being compressed. 
Moreover, the interpolation formula may include any for 
mula employing interpolation (i.e. a Wavelet ?lter, etc.). 
[0064] In operation 304, it is determined Whether at least 
one data value is required by the interpolation formula, 
Where the required data value is unavailable. Such data value 
may include any subset of the aforementioned data. By 
being unavailable, the required data value may be non 
existent, out of range, etc. 

[0065] Thereafter, an extrapolation operation is performed 
to generate the required unavailable data value. See opera 
tion 306. The extrapolation formula may include any for 
mula employing extrapolation. By this scheme, the com 
pression of the data is enhanced. 

[0066] FIG. 4 shoWs a data structure 400 on Which the 
method 300 is carried out. As shoWn, during the transfor 
mation, a “best ?t”401 may be achieved by an interpolation 
formula 403 involving a plurality of data values 402. Note 
operation 302 of the method 300 of FIG. 3. If it is deter 
mined that one of the data values 402 is unavailable (see 
404), an extrapolation formula may be used to generate such 
unavailable data value. More optional details regarding one 
exemplary implementation of the foregoing technique Will 
be set forth in greater detail during reference to FIG. 5. 

[0067] FIG. 5 illustrates a method 500 for compressing/ 
decompressing data, in accordance With one embodiment. 
As an option, the present method 500 may be carried out in 
the context of the transform module 202 of FIG. 2 and the 
manner in Which it carries out a reversible transform. It 
should be noted, hoWever, that the method 500 may be 
implemented in any desired context. 

[0068] The method 500 provides a technique for generat 
ing edge ?lters for a Wavelet ?lter pair. Initally, in operation 
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502, a Wavelet scheme is analyZed to determine local 
derivatives that a Wavelet ?lter approximates. Next, in 
operation 504, a polynomial order is chosen to use for 
extrapolation based on characteristics of the Wavelet ?lter 
and a numbers of available samples. Next, extrapolation 
formulas are derived for each Wavelet ?lter using the chosen 
polynomial order. See operation 506. Still yet, in operation 
508, speci?c edge Wavelet cases are derived utliZing the 
extrapolation formulas With the available samples in each 
case. 

[0069] See Appendix A for an optional method of using 
Vandermonde type matrices to solve for the coef?cients. 
Moreover, additional optional information regarding exem 
plary extrapolation formulas and related information Will 
noW be set forth in greater detail. 

[0070] To approximate Y2N_1 from the left, one may ?t a 
quadratic polynomial from the left. Approximating the nega 
tive of half the 2nd derivative at 2N-1 using the available 
values yields Equation # 1.1.R. See Appendix A for one 
possible determination of this extrapolating quadratic. 

Equations #1.1.R 

[0071] 

[0072] Equation # 1.1.R may be used in place of Equation 
#1.1] When point one is right-most. The apparent multiply 
by 3 can be accomplished With a shift and add. The division 
by 3 is trickier. For this case Where the right-most index is 
2N-1, there is no problem calculating Y2N_2 by means of 
Equation #12]. In the case Where the index of the right-most 
point is even (say 2N), there is no problem With Equation 
#1.1J, but Equation #12] involves missing values. Here the 
object is to subtact an estimate of Y from the even X using 
just the previously calculated odd indexed Y s, Y1 and Y3 in 
the case in point. This required estimate at index 2N can be 
obtained by linear extrapolation, as noted above. The appro 
priate formula is given by Equation #1.2.R. 

Equation #1.2.R 

[0073] 

[0074] Acorresponding situation applies at the left bound 
ary. Similar edge ?lters apply With the required extrapola 
tions from the right (interior) rather than from the left. In this 
case, the appropriate ?lters are represented by Equations 
#1.1.L and 1.2.L. 

Equations #1.1.L and 1.2.L 
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[0076] The reverse transform ?ters can be obtained for 
these extrapolating boundary ?lters as for the original ones, 
namely by back substitution. The inverse transform bound 
ary ?lters may be used in place of the standard ?lters in 
exactly the same circumstances as the forWard boundary 
?lters are used. Such ?lters are represented by Equations 
#2.1.Rinv, 2.2.Rinv, 2.1.L.inv, and 2.2.L.inv. 

Equations #2.1.Rinv, 2.2.Rinv, 2.1.Linv, 2.2.L.inv 

[0078] Thus, one embodiment may utiliZe a reformulation 
of the 5-3 ?lters that avoids the addition steps of the prior art 
While preserving the visual properties of the ?lter. See for 
example, Equations #31, 3.1R, 3.2, 3.2L. 

Equations #3.1., 3.1R, 3.2, 3.2L 

[0080] In such formulation, certain coef?cients are com 
puted With an offset or bias of 1/2, in order to avoid the 
additions mentioned above. It is to be noted that, although 
there appear to be many additions of 1/2 in this formulation, 
these additions need not actually occur in the computation. 
In Equations #31 and 3.1R, it can be seen that the effects of 
the additions of 1/2 cancel out, so they need not be applied to 
the input data. Instead, the terms in parentheses (YO+1/z) and 
the like may be understood as names for the quantities 

actually calculated and stored as coef?cients, passed to the 
folloWing level of the Wavelet transform pyramid. 

[0081] Just as in the forWard case, the JPEG-2000 inverse 
?lters can be reformulated in the folloWing Equations #42, 
4.2L, 4.1, 4.1R. 
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Equations #42, 4.2L, 4.1, 4.1R 

[0083] As can be seen here, the values taken as input to the 
inverse computation are the same terms produced by the 
forWard computation in Equations #3.1~3.2L and the cor 
rections by 1/2 need never be calculated explicitly. 

[0084] In this Way, the total number of arithmetic opera 
tions performed during the computation of the Wavelet 
transform is reduced. 

[0085] While various embodiments have been described 
above, it should be understood that they have been presented 
by Way of example only, and not limitation. Thus, the 
breadth and scope of a preferred embodiment should not be 
limited by any of the above-described exemplary embodi 
ments, but should be de?ned only in accordance With the 
folloWing claims and their equivalents. 

Appendix A 

[0086] One may have three data values, [X2N_1 X2N_2 
X2N_4], and need three coef?cients for the quadratic: 

[0087] The negative of half the 2nd derivative may be 
—1/z2a2 so interest may only be in a2. In that case, it is more 
simple to ?nd the quadratic: 

[0088] since 

a2=d2 

[0089] Three linear equations With a Vandermonde type 
coef?cient matrix may be solved. 
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[0090] Half of the negative of the 2nd derivative is: 

What is claimed is: 
1. A method for compressing data utilizing multiple 

encoders on a single integrated circuit, comprising: 

receiving data in a single integrated circuit; 

encoding the data utiliZing a plurality of encoders incor 
porated on the single integrated circuit. 

2. The method as recited in claim 1, Wherein the data is 
encoded utiliZing multiple channels on the single integrated 
circuit. 
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3. The method as recited in claim 1, Wherein the data is 
encoded into a Wavelet-based format. 

4. A single integrated circuit for compressing data, com 
prising: 

a ?rst encoder embodied on the single integrated circuit 
for encoding a ?rst set of data; and 

a second encoder embodied on the same single integrated 
circuit as the ?rst encoder for encoding a second set of 
data. 

5. The single integrated circuit as recited in claim 4, 
Wherein the data is encoded utiliZing multiple channels on 
the single integrated circuit. 

6. The single integrated circuit as recited in claim 4, 
Wherein the data is encoded into a Wavelet-based format. 

7. A method for compressing data utiliZing a single 
module, comprising: 

receiving photons utiliZing a single module; and 

outputting compressed data representative of the photons 
utiliZing the single module. 

8. The single module as recited in claim 7, Wherein the 
compressed data is encoded into a Wavelet-based format. 

9. The single module as recited in claim 8, Wherein 
transform operations associated With the encoding are car 
ried out in analog. 

10. The single module as recited in claim 7, Wherein the 
single module includes an imager. 


