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New design and implementation of on-sensor-compression 
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Abstract 

We have I,een investigating a novel integratioil of 
sensing aiitl coiiipressioii on an image sensor. By 
the int egrat ion. nllinl,er of pixels in the image sig- 
nal that lias to 1,e reado~~t  from the sensor can he 
significantly retl~icetl. ant1 the integration can conse- 
cl~leiit ly illcrease the pixel rate of t lie sensor. 

In this paper. we present a new compression sen- 
sor which lias 128 x 128 pixels. F'e have tlesigiled ant1 
ilnplementetl t lle new prototype 1,y 11sing a coli~mn 
parallel architect~lre. \Ve show the sonle experimen- 
tal res111ts ol,tainetl l,y tlie prototype. 

1 Introduction 

Itltegration of processing and seilsiilg is a novel 
approach to very fast inlage processiilg and also 
to a~~gilieiltillg 1)erfornlai1ces of ail iniage sensor. 
\Ve have 1,em investigating sinart iinage sensors on 
which the iinage sigiial is coillpressed [I] - [3]. The 
integration significantly rethlces pixel data read out 
from the sensor. Tll~ls, the compressioii sensor can 
cy j t~ue  the images at the higher pixel rate which 
the traditional sensor can not handle. 

I11 this paper, we preseiit a new ronlpression sen- 
sor which has 128x128 pixels. The new prototype 
is designed I,y a col~iinn parallel architecti~re which 
shares processiilg mod~lles anlong pixels in the col- 
~umn. Main 1,enefits of the architert~~re are Ilia11 fill 

\, 

factor anrl low power dissil)ation. The circl~it ant1 
layolit tlesigns are reilewetl to achieve lii~lcll lower 
power dissipation and higher processing speed be- 
yond the perfomlance of t he previolls I>rototypes[l]- 
[3] of which tlie resolution is 32x32 pixels. An ad- 
dress ellcoder is newly implemented oil this proto- 
type. 

2 Conditional replenishment 

We employ conditional replenishillent ( CR ) for 
the conlpression algorit hin on t he image sensor. CR 
tletects ant1 eilcotles only moving pixels to coilipress 
iinage signals. 
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Figilre 1: Description of coding algorithm in each 
pixel I,y contlitional replenishnieiit 

Figure 1 illllstrates the processing sclieillr of CR. 
Motion is tletected in each pixel when thc 111ag1lit11de 
of the difference 1,etween the pixel intellsit y and the 
memorized value exceeds a threshold. If t lie inot ion 
is detected. the pixel iilteilsity aild its atldresses are 
output and the vahie in the memory is reple~lisl~etl 
hy the pixel intensity. Therefore. the iilemorizerl 
va111e equals to the iiltellsity last o ~ ~ t p ~ i t  fro111 the 
pixel. Altho~igll CR is rather simple, its coilipres- 
sioil perforlllailce gets higher when tlie frailie rate is 
higher. 

3 Design and implementation of new 
compression sensor 

We have designed the new 128x128 pixels coill- 
pression sensor l,y  sing the col~imn parallel archi- 
tectilre. Figwe 2 shows a I~lock diagram of the new 
compression sensor. Pixel. memory ant1 process- 
ing elements are separat,ed on the chip aiitl pixels 
of a column share a ~>rocessiilg elerueilt. Becallse 
of this architect~lre. fill factor keeps the saiiie level 
of an ordinary CMOS sensor ant1 power tlissipatio~i 
is mi~ch iillproved compared to the pixel parallel 
architert11re[l][2]. 

It has three vertical shift registers. two horizontal 
shift registers and address eilcocler except three core 
eleinents. The ripper horizontal shift register has two 
scaililiilg modes that are normal and smart scanning. 
and one of the two is select,ed l,y ;i mode signal. 
Figure 3 shows a circliit of t,lle smart shift register. 
In the case of the nortllal scanning, 11pper paths are 
selected for a11 pixels. a~ltl all pixels are read out. 
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Fig~ue  3: Slllart l~orizo~ltal shift register 

Fig~lre 2: Block tliagram of new colllpression sensor Fig~lre 4: Prototype chip 

In the case of the smart scanlling. if the flag signal 
is off. the bottom pat11 is selected to skip the pixel 
witllo~lt reatlillg. It olltplits only the activated pixels 
wit l lo~~t  11lallk space in the o ~ l t p ~ l t  seqllellce. 

When tlle smart scanning 111otle is selected. we 
use one of the two adtlress inforlnation for recon- 
strllction. One is flag signal o11tp11t by the 11ottonl 
high speed horizontal shift register sllo\v11 i11 Fig.2. 
The other is :bits atltlresses o11tp11t l ~ y  the arldress 
encodcr. 

?.P 11ave fal)ricated the new conlpression sensor 
11y  sing 1-poly 2-nletal ClIOS O.7lrtu 1)rocess. Ta- 
llle 1 sllo\vs the o ~ ~ t l i n e  of 110th o11r first col~rnlll par- 
allel arcllitect11re[3] anti the new one. Power tlis- 
sipation alld ~~rocessi i~g sl>eed are ll11tr11 i111l>roved. 
Fig111.e 4 sllo~v\'ci a 1>11otogra1>11 of tlle packagetl chi~>. 

4 Experiments 

4.1 Output signals of both normal and 
smart scanning modes 

Fig~ue  5 sllows illlage o ~ ~ t p ~ l t s  alltl flag sigllals 01)- 
tainctl Ily the prototype. 111 tlle exl~erilllents, tllc 
tex t~uc  pro,jectctl ollto the foral plane is ~novillg hor- 
izontally at 11igl1 speetl. 

Fig~lre 5(a) s11ows t,lle o ~ l t p ~ ~ t  signals of tlle nor- 
mal scanning 111otle. Tlic vertical etlges of the tex- 

t ~ ~ r e  activate the flags clearly. Fig~rre 5(1)) shouys the 
o11tp11t signals of the smart srallnillg ~llotle. Berallse 
tlle smwt shift register skips non-activatetl pixels, 
the intensities of the activated pixels are packet1 to 
tlle left side of tlle seqllellce. 

4.2 Real-time reconstruction using flag 
signals 

Figltse G s11o\vs exalllple frames of real-time re- 
constnlction. ?% use the flag signals as the at ldl~ss 
illforlllatioil of tlle activatetl pixels. The frarlles are 
reconstn~ctetl 11y a SGI workstat,ion in real tinle. In 
this experilllent. tile prototype operates at GO frallles 
/ secolltl alltl tlle pixel autl flag signals are contin- 
11a11y cal>h~retl as STSC collll>oile~lt sigllals. All 
fraliles o~lt l ) i~t  11y tllc prototype sensor is not ~lsrtl 
for tlic rc.collstr~~ctiol~ t111e to a lilllit~(l ~>erforllla~~cc 
of the \vorkstatiori. Therefore sonle corrrq)tions of 
thr reconstr~lctetl illlages arc ol)servetl. 

4.3 Experiments of a single pixel circuit 

Fig~ue 7 s11ou.s the respollse of a single pixel cir- 
c11it wllrll a LED tlriven I,y a sill~lsoitlal wavr is ~lsetl 
as a ligllt solwce. F ig~ue  T sllows the res~llts 1111- 
tler t llree t hresl~oltls for 111ot ion {let ~ r t  ion. In this 
exl)erilllellts. tlle reeol~stri~('ted V ~ ~ I I P S  are e(111al to 



Tal)lc 1: Conll)arison I)etweeil first[3] ailrl new prototypes of tlie col~ullil ~)ilriillc'l arc11it~rt11r~ 
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the memory val~ies. Aecortling to increase of the 
thresholtl control voltage (logical tl~resholrl voltage 
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I)rocessing[/~~i~2 
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power dissipation[illiY/col~~~~~i~] 
processing speecl[//s / row] 

rlecreases). the 111e11101.y valiies get closer to the pixel 
val~ies. 1.i. have verifietl that the processing circuits 
can operate at illore tllail 5000 frailles /secoild. 
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5 Conclusion 
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111 this I)al)cr. we descrilw a compressioil sensor 
1,asetl on the col~ullil ~)arallel architectilre. We have 
tlesigned aiitl iillpleillellted a new ~ j r o t o t y ~ ) ~  wllicll 
has 128x128 pixels. The soille experimeiltal res~ilts 
ol,tained by tlie prototype are shown. 

The real- tinle reconstniction systeill~isiilg FPGA 
is now ~inder investigation. 
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Figrrlp 5: Images obtainerl by the prototype ~vllet~ 
the test~lre  is moving horizontallv at high speed.: 
The left figures show pisel iiltensity. ailtl the right 
figures sllow flag signal. 
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Fig~uc. G: Examl,le frames of real-tiiue recollstr~ic- 
tion by 11sing a workstatioll 

Fig~lre 7: Respolise of a single pisel circvlit ~uitler 
vario~is t lireslioltls for cliaiige (let ect ion wlie11 pro- 
ccssiiig speetl is ecl~~ivaleiit to 5000 fraliies / secolitl. : 
From top to 1)ottoni waves in (a)(l))(c): LED tlrivillg 
voltage. pixel val~ie. illenlory val~ie antl flag signals. 
resl)ectively. 




