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Multiresolution Image Sensor
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Abstract—The recent development of the CMOS active pixel problems become especially severe for image processing tasks

sensor (APS) has, for the first time, permitted large scale in- performed on large format imagers (e.g., 10241024) that
tegration of supporting circuitry and smart camera functions are read out at video rates (30 frames/s)

on the same chip as a high-performance image sensor. This . .
paper reports on the demonstration of a new 128< 128 CMOS CMOS active pixel sensor (APS) technology allows the

APS with programmable multiresolution readout capability. By integration of support electronics and smart camera functions
placing signal processing circuitry on the imaging focal plane, the onto the same chip as a high-performance image sensor
image sensor can output data at varying resolutions which can [6]. The integration of support electronics such as timing

decrease the computational load of downstream image processing. . :
For instance, software intensive image pyramid reconstruction and control, correlated double sampling, and analog to dig

can be eliminated. The circuit uses a passive switched capacitor ital conversion leads tQ fewer c.omponents, thus increasing
network to average arbitrarily large neighborhoods of pixels system robustness while reducing system mass and cost.
which can then be read out at any user-defined resolution by The implementation of programmable multiresolution readout
configuring a set of digital shift registers. The full resolution  5),6\ys ynprecedented camera functionality which eases the
frame rate is 30 Hz with higher rates for all other image f . ts of d t . .
resolutions. The sensor achieved 80 dB of dynamic range while periormance requirements o owns réam Image processing.
dissipating only 5 mW of power. Circuit error was less than The CMOS APS technology also enjoys other advantages over

—34 dB and introduced no objectionable fixed pattern noise or its charge-coupled device (CCD) counterpart such as ultra low

other artifacts into the image. power performance (50-180lower than comparable CCD
Index Terms—Focal plane array, image processing, imager, Systems) and increased radiation hardness [7]. CMOS APS
multimedia, sensor. architectures [Fig. 1(a)] allow—y addressability of the array

for windows of interest and sparse sampling readout of the
array. Unfortunately, sparse sampling the array, for example,

by reading out every fourth pixel of every fourth row, reduces

FOR a variety of image processing tasks, such as biologiGgl, amount of image data by a factor of 1/16 but introduces
vision modeling, stereo range finding, pattern recognitiofjiasing into the image. In the multiresolution sensor, regions
target tracking, and transmission of compressed images, itShe array are averaged together (block or kernel averaging)

desirable to have image data available at varying resolutiogﬁd read out [Fig. 1(b)], leading to data reduction without
to increase processing speed and efficiency. The user can %?ﬁ&‘sing effects.

ohbtaln E frarr?e gf da:jta If.it _the lowest resolution necessary 10frpe multiresolution CMOS APS is a 128 128 photogate
the task at hand and eliminate unnecessary processing st y that is programmable to read out any size n block

The multiresolution image data is usually generated throug pixels (kernel). Each kernel value represents the average

an image pyramid approach (implemented in software), anj all the pixel values in its region. Averaging is done in the
has been used extensively in recent years [1]-[4]. Typlcallé(

- ) . 8Iumn readout circuitry so that the average value is based
each image level is a low-pass filtered and down-sample S .
gn a full resolution image. Combining the sensoRs-Y

version of the prior level, although block averaging an I . . .
. addressability with programmable resolution, the device can
down sampling can also be used to generate the pyramid . . - -
. . . . .achieve true electronic zoom capability. In a standard digital
[5]. In software, construction of the multiresolution pyramid is ; ; : ; L2
.camera, electronic zoom is achieved by mapping each pixel in

often the most computationally intensive and time consuming . . ;
small area of interest to several display pixels. In contrast,

. . . . . a
portion of the image processing task. For applications Whe'i?e multiresolution sensor allows one to read out a small area
power consumption is of concern, the power consumed B

the processor while performing this task can be critical. Thegn Interest gt a higher resolution thap th? full ffame Sl.JCh
that each pixel may be mapped to an individual display pixel

Manuscript received September 30, 1996; revised January 31, 1997. Tirisich like an optica| zoom lens allows one to capture more

paper was recommended by Guest Editors B. Sheu, C.-Y. Wu, H.-D. Li oo : o
and M. Ghanbari. This work was performed by the Center for SpacaeetaII in a small area. This capability can also be used to

Microelectronics Technology, Jet Propulsion Laboratory, California InstituiCrease processing speed of tracking algorithms where course
of Technology and was sponsored in part by the Jet Propulsion Laboratpgsolution image data can be quickly read out and processed

Director’s Discretionary Fund (DDF) and the National Aeronautics and Sp . .
Administration, Office of Space Access and Technology. 2§ determine an area of interest followed by read out of the
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. INTRODUCTION
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Publisher Item Identifier S 1051-8215(97)05896-5. in Section Il. Section Il presents the test results from the fab-

1051-8215/97$10.000 1997 IEEE

[A)OCKET

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

576

IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 7, NO. 4, AUGUST 1997

ROW [

SELECT CMOS APS

LOGIC [ SENSOR
LIT L Ll
COL AVG CIRCUIT |
LA It
ROW AVG CIRCUIT |
[TTTTITTTTITTIITTT
COL SELECT LOGIC |
RN

[COMMAND SHIFT REG|
(@)
gol, ol
by

I__l,.a—i.IEI

= - Ior

Y EppE— L';

T i

L

pr

i

hooo

=,

MULTIPLEXER |+

(b)

CMOS APS SENSOR

ROAY DECODER

[2] TiT Tl T 1 1 7 i
| COL AVG CAP BANK -

L TV T T T T T ]
[ ROW ANWG CAP BANK {RESET)

B A | T 1 | I
[ ROW VG CAF BANK, [SIGNAL)
| P S D N Y T I
[ COLUMN DECODER |
| D O R P
ICOLMIN SWITCH BHIET REQIS TE
| DUMMY SWITCH SHIET REGISTER |
R O D S
ROW SYWITCH SHIFT REGISTER

Fig. 3. Multiresolution image sensor block diagram.
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Fig. 1. (a) Programmable multiresolution CMOS active pixel sensor archi-

tecture and (b) example of column’s functional configuration for 3 block

averaging. (Actual neighborhood size is programmable.)
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Fig. 4. Ideal switch and capacitor model for six columns configured for 3
X 3 block averaging.

the array is a network of capacitors to store pixel reset and
signal levels. The column circuitry also contains an additional
capacitor and a set of switches to the adjacent column to
perform averaging on any size square array of pixels called
a kernel (rectangular kernels are also possible). Resolution of
the sensor is set by the size of the kernel. Large kernels sizes
are set for low resolution imaging requirements. TKeY
addressability of the sensor allows the user to zoom into areas

Fig. 2. SensorX-Y addressability and multiresolution readout allows th%f interest

user to zoom into an area of interest with increased resolution.

Fig. 3 shows a block diagram of the sensor. A decoder at
the side of the array selects a row of pixels for readout. Each

ricated chip. Finally, applications of the sensor are discuss&&d is controlled by a photogate signal enabling readout

in Section IV.

Il. DESIGN AND OPERATION

A. Design Overview

of integrated charge, a reset signal, and select signal to
enable the buffered pixel data to drive the column output
line. Column parallel circuitry at the bottom of the array

samples the addressed row of pixel data simultaneously. The
kernel size determines how a set of shift registers in the

The sensor contains a 128128 photogate pixel array sim-column circuits are configured. These shift registers control

ilar tn nraviniic ADQ arravie damnnctratad at tha 1at Praniilclmmar tha ~nliimne ~cnntaininn_ctnred raadniit data ara avaraned
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Fig. 5. Multiresolution column processing circuitry for three columns.

processing. A second decoder at the bottom of the arrdgselected, denoted by bit 0 over the switch), while the

controls which columns containing the processed data amer switches are closed (i.e., selected, denoted by bit 1

read out. The sensor’s differential output circuitry performaver the switch). Pixel signals are sampled onto the column

correlated double sampling (CDS) to suppress pixel KTC noig&/eraging capacitors by globally pulsing (closing) the signal

1/f noise, and fixed pattern noise. select switches (S). Charge redistributes such that the voltage
Row pixel data is read onto a column averaging capacit8h each capacitor in each block of three capacitqrg., is

with switches to its neighboring columns that are subs&€ same such that

quently enabled resulting in averaged column data for that 1 &

row (Fig. 4). Averaged column data for that row is stored on a Vi ker = — Z Vi

second bank of capacitors in one of the columns of the kernel. "=

Data from successively read out rows is stored in each of th . . .
. . . : . where n is the horizontal size (number of columns) of the
remaining columns in the kernel. Shift registers in the read

S ) . . . block average (kernel)V;_; the pixel voltage value of the
circuitry are configured according to kernel size to determi ge ( Wik P g

hich switch bled ; i 4 wh e—k)th column, andV;_ .., is the average value for thih
which switches are enabled to perform averaging and Whelg, i the kernel. These kernel row averages are then sampled
the averaged column data is stored.

onto the first capacitor in the-capacitor block of the row
Once alln rows of the kernel are read, they are averagegeraging bank of capacitors. Column averaging is repeated
by connecting the second bank of capacitors together aph the next pixel row {+ 1) and these new/(; 1) xer
mixing the charge. A shift register configured to enable dumnparnel averages are sampled onto the second capacitorsin the
switches to correct for switch feedthrough effects is alsgapacitor blocks of the row averaging bank of capacitors. The
included. Both reset and signal levels are processed for a kefifglcess is repeated until all rows have been processed and
so that correlated double sampling and double-delta samplingamples have been collectedriradjacent capacitors in the

operations can be performed. row averaging bank. The temporal switching sequence (digital
Operation will be illustrated by stepping through the seattern) is shown for the % 3 kernel case (Fig. 5). After
nliencea far 2w 2 hlnelk (karnel averaninn (Fin_ A\ _In _thictha mn_.camnlac/1/. Y/ . ... 1/ .\ hava haan enllactad
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Fig. 6. Transistor-level schematic of column circuit. Capacitors are poly-diffusion linear capacitors.
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Fig. 8. (a) 4x 4 block averaged time and (b) 1/4 subsampled image (no
averaging).

for the first 3 x 3 kernel
Viero = 1/2{1/3[1/3(Vo,0 + Vo,1 + V0, 2)
+1/3(Vi,0 + V1,1 + Vi,2)
+1/3(Va,0+ Vo, 1+ Va,0)]}

These kernel values are then scanned out of the array by
reading out everyith capacitor in the row average bank. The
switches with the same pattern used for the column averagh@y! @veraging capacitors are then reset (circuitry not shown)
switches, resulting in the final block average and the process is repeated to generate the next row of kernels.

Note that in the configuration described above, kernels must
. be either square or rectangular, where the number of rows must
Vier =3 Z Vi_ker be less than or equal to the number of columns.

Fig. 7. Sensor’s full resolution image (128 128).

wherem is the vertical size (number of rows) in the kernelB- Column Processing Circuitry
The constant factor of 1/2 arises from charge sharing betweerShown in Fig. 5 is the actual column parallel circuitry

tha coliimn_and rnw_avaraninn_canacitnre whan tha _ecnluirfmr throaa cnliimne  Thara ic_ nna_hanlk nf cnliimn_avaraninn
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Fig. 9. (a) Full resolution sensor output for one row of pixels and (b} 4 kernel output from sample image.
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than the single bank shown in Fig. 4). One bank storesmto row averaging capacitor), and VR (sample reset onto row
the row average pixel reset levels, and the other stores theeraging capacitor). Each of these global signals is gated with
row average pixel signal levels in order to perform on-chithe output of one of the two configuration shift registers. The
double correlated sampling. The column averaging bank @A and RA signal are gated with the output of the same shift
used sequentially to horizontally average together the kermegister (CARA shift register). The VS and VR signals are
row reset levels followed by the signal levels. The kerngjated with the output of the second shift register (VSVR shift
reset switch to ground is shown as well as the column buffeggister).
amplifier for generating ¥,;;R and \,+S. The buffer amplifier = The transistor-level schematic of the column circuit is
is only enabled when the column is selected for readout. shown in Fig. 6. The signals GARA;, VS;, and VR are the
The digital patterns shown are an example of the timing foutputs from the corresponding global signals gated with the
a 3 x 3 kernel. They are generated by gating the output ehift register output bit for that column. The buffer amplifier
the configuration shift registers and the timing signals shovim a p-channel source follower. The CB signal is part of the

in Cin_ B Tha nlnhal timinn_cinnale ara A (anahla coliimAdniihla Adalta ecamnlina raadniit echama ac rannrtad in [01 11cad
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