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Abstract 

This paper presents a new image sensor with pro- 
grammable multiresol~~tion rearlout capability. The pro- 
posed image sensor can o11tp11t data at varying res- 
olutions. Differing to our previollsly reported spa- 
tially variant snnlpling sensor which sub-samples with- 
o ~ ~ t  filtering[l], in the m~lltiresollltion sensor, 11locks of 
the pixels are averaged and read out then, the new sen- 
sor does not suffer from alia5ing effects. The resolution 
can be controlled by varying the block size. We made 
a prototype of 64 x 64 pixels and examined the progra- 
mn~toragehle resol~~tion. 

1 Introduction 

For a variety of image processing ta\lts, s11ch as I~iologi- 
cal vision mocleling, stereo range finding, pattern recog- 
nition, tasget tsacking, and transmission of compressecl 
images, it is desiralIle to have image data available at  
varying resol~~tions to increicye processing speed and ef- 
ficiency. The Ilser can then obtain a frame of data at 
the lowest resollltiorl necessasy for the task at hand and 
eliminate llnnecessary processing steps. 

W present a new image sensor with prograllmlable 
int~ltiresoIut,ion readout cal~al~ility. The proposed image 
sensor can o11tp11t data at  varying resolutions. For in- 
stance, soft,ware int,ensive image pyramid reconstruction 
can he eliminat,ed. Differing to our previously report,ecl 
spat,ially variant sampling wl~ich sub-samples witllo~~t 
filtering[l], in the ill~lltiresoll~tion sensor, blocks of the 
pixels are averaged and reacl o11t then, t,he new sensor 
does not suffer from aliasing effects. The nll~lt,iresoll~- 
tion image sensor has a 64 x 64 pixel array that is pro- 
granlmable to reat1 out the averaged vall~es around the 
center pixels. The average vallle is computed for differing 
block sizes (3x3, 5x5 or 7x7) around the center pixel. We 
can select the block size for each pixel. In averaging, a 

Figure 1: Iiemeny's method. 
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pix4 is selected ns t,he center of the block and the aver- 
aged value is read out as out,p~~t,.  The averaged block can 
be overlapped each other. Figure 2: Proposed method 
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2 Multiresolution sensor 

Mi~ltiresol~~tion image sensor can output data at varying 
resolutions, by placing signal processillg circi~itry on the 
imaging focal plane. There has hwn work related to mul- 
tiresolution output[2]. Figl~re l sllo~vs Iie~neny's method 
in case of 3 x 3 pixels 11lock. In this metl~od, there are 
a network of capacitors to store pixel val~les ancl a set 
of switches to the acljacent co111mn to perform averaging 
on any scpnare array of pixels. Pixel val~ies in a specific 
block are reacl o i ~ t  to the capacitor and averaged each 
other. Since we can get only one output vall~e in each 
block and the hlocli can not overlap to acljwent one, the 
pixel values in the block is represented hy the o11tp11t 
value. 

Figure 2 shows proposed method. In this method, we 
can set the block size to each center pixel ancl an averag- 
ing block can overlap to adjacent one. In order to execute 
this method, we designee1 a pixel circuit as shown in Fig- 
ure 3. Pixel va111es of each pixel is used plmal times to 
enable hlocli overlapping and a storage time of pixel vd11e 
is unified of all pixel. 

3 Design and operation 
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Figure 3: pixel circ~~it, 

The pixel circuit shown in Figure 3 has PD, electronic 
shatt,er(ES) ancl two capacitors (C1 and Cpl).  C1 is the 
one for sampling and holding of t,he pixel value and keeps 
it during 1 frame. Cpl  is the one llsecl for the averaging 
of the pixel values. Capacitance of C1 is al~out  300fF, 
hecause pixel val~les have t,o he kept, d ~ ~ r i n g  1 frame. A 
capacitance of Cpl  doesn't have to be so large, but is also 
about 300fF by the infll~ence of the wiring capacitance. 
The circuit uses a passive switched capacit,or net,worlc to 
average t,he pixels in a chosen size of block, which can 
then he read out by a set of digital shiftregisters. After 
switching off the ES, since we can control a photo det,ec- 
tor circuit (dott,ecl line block in Figure 3) independently, 
the int,egration time of pixel value is not influenced by 
the averaging process. 

Figure 4 shows sinootlling process in 3x3 block. We 
use three capacitors (Cpl ,Ccl,Cp3) for vertical averag- 
ing. Cp2 is not used and the value of PIXEL2 is charged 
directly into Ccl. In PIXEL1 and PIXEL3, the valnes 
are charged into Cpl  ant1 Cp3. We can finish vertical 

Figwe 4: Smoothing process in 3x3 block. 

averaging in reading out from the pixel circuit and three 
sets of averaged three pixel values are kept in Ccl to Cc3. 
After switching on Vcl and Vc2, we can get the averaged 
value of the I~locli. 
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Figure 5: Det,ermination of block size (3x3). 

Figure 5 shows cletermination of block size in case of 
3x3 pixels. \Ve 'else four steps of shiftregister to select 
the block size. The size of the block is controlled by sw3 
to sw7, inp~rt,t,ed signals from the outside. If sw3 is ON 
and sw5 and sw7 are OFF, output signal from the SR3 
is only used for selecting the block size. SR1 is used to 
determine the center pixel address. The output signal 
froin SR3 to SR7 are symmet,rical with respect to SR1 as 
shown in Figure 6.  

Figure 7 shows a circliitry of the horizontal shiftregis- 
ter. The averaged three pixel values are stored in Ccl 
to Cc3, and Vcl and Vc2 are opened for horizontal av- 
eraging. Vcl to Vc3 are controlled by the SC (switching 
circi~it). Since Vc switch is opened only if adjacent SC 
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Figure 6:  L a y o ~ ~ t  of ),lock selection signals. 

circnits are activated, Vc3 is not opened as shown in Fig- 
ure 7. Since tlie circuit in the dotted line box is on center, 
tlie vallle of Cc2 is outp~~t ted .  

Fig~lre 8 shows a block diagram of the prototype. 
There are a sensor array of 64 x 64 pixels and vertical 
alld liorizontal shiftregister worked for block size selection 
and averaging pisel valnes. Both shiftregisters determine 
a pixel address as a center of averaging block and set 
the block size with inputted sw signal. The block size 
can be selected with respect to each pixels and changed 
arl i  t rarily. 

Figure 8: Block diagram of the prototype. 

4 Prototype chip 

t Figure 9 shows a prototype chip of the proposed sen- 
sor. The chip is designed under 2-poly Bmetal CMOS 
0.8pm process rilles. Number of pixels is 64 x 64 and 
an arrangement of each elements follows the block dia- 
gram shown in Figure 8 .  Table l shows the outline of the 
prototype. 

Figure 10 shows images obtained by t,he prototype. (a) 
in t,he figure is a normal image of 64 x 64 pixels. (b),(c) 
and (d) in the figure are averaged image, the block sizes 
are 3 x 3, 5 x 5 and 7 x 7 each. Figure 11 shows images 
in which averaging block sizes are arbitrarily controlled 
locally. (a) in tlie figure shows the normal outputted im- 

Figwe 7:  Horizontal shiftregist,er. age obtained by the prototype. (b) in the figure show the 
ret,ina-like outputted image. In (b), central area of the 
image is constructed by normal outputted pixel values. 
The hlock size of the peripheral area change from 3 x 3 
into 7 x 7. 

289 



Figllre 9: prototype chip 

Pixel size [pnt2] 
Number of Tr. 
Fill factor [%] 

Power dissipation[W] 
Power supply[V] 

(a) Nornlal orlt,pl~t 
Table 1: Performance of the prot,otype. (b) Retina-like output 

60 x 60 
9 trs. / pixel 

Number of pixels 
Chip size [m7n2] 

5 Conclusion 

64 x 64 F i g ~ ~ r e  11: Retina-like image obtained by the prototype. 
5.5 x 5.5 

. - 

14.5 % 
0.25 We propose a new comp~lt~ational image sensor with pro- 

5 grammable spatially variant n~ultiresolt~tion readout ca- 
pal~ility. We present principles of processing and designs 
of their circuits. 

It sho~lld 1~ possihle to get the following effects from 
the sensor. 

We can easily select the one of four block sizes for 
averaging by inputting sw signal from outside of the 
sensor. 

The averaging block can overlap with adjacent one. 

By setting the block size locally, we can get retina- 
like image. 
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(c) 5 x 5 averaged image (d)  7 x 7 averaged image 

Bigwe 10: Illlage ohtained by t,he prototype. 




