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A technique is discussed which can he used to achieve high resolution image line scanning with a low resolution area 
detector array. The image llluminatcs a mct;Jilizcd mask whil:h is either fabricated as the top layer of the array or is 
fabricated separately and relay imaged onto the array. 'lltc mask is opaque except for small clear apertures which arc 
located over the detector clements. 'l11csc apcrtmcs arc equal in size lO one picture ckmcnt (which is a small fraction of 
the size of one detector clement) and have locations which arc staggered sideways from one row of detectors to the next. 
As a two dimensional image is moved vertically past the mask. any given picture clement along a horiwntal line is 
sampled by only one row of ddectOJ"$. The picture clements read out in each frame of data arc thus distributed 0\'Cf 

sever;IIlines in the image. 'll1cy ;1re "destaggered" in a shill register buffer or computer memory to ;1chieve a properly 
formatted image. 'll1e linear scan resolution obtainable using such a technique is t:qual to the total number of detector 
clements in the array, despite their rectilinear layout. 

1\ breadboard document scanner was sd up to demonstrate this basic conccpl. A commercially ;1\'ailable area CCD 
detector array having 190 x 244 clements w;1s used in conjunction with a separately fabricated metal ma~k and relay optics. 
'l11e mask ti:mnat consisted of 15 rows of apertures. with 190 dements per row, resulting in a net line scan resolution of 
2850 ekmcn\s. 'J111.~ array design was of the interline tiaHsfCr type, with 190 column~ of dclectors and every nllwr row 
interlaced. For this experiment. the top tCw rows of each interlaced frame were read out at an average data rate of 5 
M!-lz, with the remaining rows rapidly dumped into the output shit\ register to clear dark current. '!l1is resulted in a 
frame rate of 250 frames per second. Data was single level thresho\dcd, read into a high speed Fl FO, and then 
deslaggercd using n NOVA computer. Results arc shown which demonstrate the full resolution capability of the system, 
without artithcts produced by the "staggered aperture" technique. 

I. Introduction 

'llw most commonly used technique for reading high 
resolution imagery into an electronic data system mnkcs 
usc or an image line scanner. 'll1is line scanner is used 
in conjunction with a relative cross·scan motion between 
the nhject and the viewing system to achieve raster input 
scanning. Such a system is diagrammatically shown in 
Figure I, where an object, which could he an original 
stcnc. a photograph, or any other two dimcnsiont!l set of 
data, is imaged onto a linear CCD ddector array. As 
the array is repetith•dy read out to detect image 
intensity, the ohjL>t.:t is translated peq1l~ndicular to the 
scanning din.:ctiun to achieve raster scanning of this 
image data. 'l11e resolution (;1s measurl!d in total 
number of resolvable picture elements) is limited by the 
number of detector l'lenwnts in the linear scanner. 'l11C 
number of elements which c~m he J:1hricated in such a 
single solid stale device is dctennincd by the maximum 
allowahle chip length divided by the minimum dell'Ctor 
size, ami is limited by the particular photolithographic 
process and such things tiS al\owahlc yidds. shill reg1ster 
CTE's, and minimum barrier heights. 

lllis paper proposes an altemativc way to perfonn line 
scanning which uses an area image sensor to achieve a 
scan resolution equal to the total number of 
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detector clements in the area image sensor independent 
of their oricntntion in rows nnd columns. A 
superimposed mctali7.cd mask and ;m auxilliary data 
buOCr arc used to achieve much higher resolution 
scanning than obtainable with a single linear detector 
chip, since the chip length/detector size limitation is no 
longer important. 

II. Concept Description 

Tile basic concept is explained using the diagram in 
Figure 2a. A two dimensional strip region of the scene 
to be scanned is imaged onto an area detector array 
consisting of a number of rows of dctcctor clements. 
The magnification is such that the entire length of the 
region to be scanned is imaged onto the length of one 
row on the array. '!11is imaged line length has the full 
number of desired image resolution points. but these are 
not fully resolYcd by the detector array which has a 
sma1!cr number of dements per line. To enhance the 
resolution, an opaque mask is placed over the detector 
array as shown in Figure 2b, which haS small clear 
apertures in it which allow light from only one ima$C 
resolution point to fall on each detector. /\s shown m 
Figure 2b, the positions of the holes in front of each 
dek'Ctor arc st;1ggered so that e;1ch row of detectors sees 
a set or image resolution clements along one line, with 
the clement positions staggered tfom line to line. As 
seen in the J1gurc, each time the array is read out, the 
number or image samples l<lkcn is equal to the total 
number or detector clements in the area array, but they 
arc spread out over a number of lines in the image. By 
proYiding a translation between the imaging system and 
the object in the cross scan din. .. 't:tion, all image 
resolution clements along an image line will be detected 
once the image line has moved past the entire height of 
the <may. The resolution clements along each line are 
obviously not detected. sequentially and must thus be 
rearranged using an assocmted buffer memory. 'lbe 
combination of array, mask, and associated buffer 
memory is called a "staggered aperture scanner". In 
concept, it is somewhat related to a technique suggested 
years ago called "spatial pulse modulation" which is here 
adapted to make practical hardware.l 

In a practical system the array and mask shown in 
Figure 2b would not work properly because the light 
ffom some apertures would fall exactly on detector 
boundaries. In this situation, the photoelectrons would 
be collected by two photositcs, resulting in poor pixel 
definition. To allevwtc this problem, a real system 
would usc detectors which arc also staggered from row 
to row as shown in Figure 2c, to <lllow each aperture to 
be centered on the appropriate detector. 

One possible modification of the system described above 
makes use or anamorphic optics. In this case, shown in 
Figure 3a, the optics arc designed to image square 
picture clements on the object as tall rectangular picture 
clements on the array. 'l11e mask lOr this case has tall 
rectangular apertures as shown in Figure 3b. 'l11e height 
of Utcsc apertures could extend anywhere in the range 
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Fig. 2c. Staggered npcrturt.! mask for 6 row 
detector ilfrity ~howing optimum detector positions which 
arc :-.taggcrcd siLicways to line up with apertures. 

from equal to the aperture width (convcnlional case) to 
equal to the height of the entire array. As the 
mtammvhic ratio gets larger. however, the optics become 
diftkult to build at llw f/ It's required for high speed 
operation. 

It is important to note that the total number of picture 
clements per line obtainable using any of these staggered 
aperture lt.:x:hniqucs is not afiCcled in any way by the 
number of nms of dt:tectors {which is presumed to be 
easily extendable to <ll least 32 or 64), but is instead 
af!Ccted only by the \cuglh of the array and the aperture 
spacing. If L is the length of the array and A is the 
aperture width (nonnally <lssumcd equal to the pixel 
spacing), the total resolution c1pahility of the array is 
given by LIA. '!his total number of resolution 
clements is thus limited by the achievable chip length L 
and the minimum aperture sL.•.c A for a detector array 
with a superimposed mask. For larger numbers of 
picture clements per line, the minimum aperture size 
producable by a given photo-lithographic ·process may 
tim:-; ddennine the ultimate resolution capability. (As 
one example, if the chip lellglh 1. were 2H mm and the 
apl'rlure size A were 4 microns, a single chip sta~gered 
aperture scanner would have a net resolution o! 7000 
clements). To extend the technology rurther, a relay 
imaging system such as shown in Figure 4 may be used, 
where the mask is actually l;1rger than the detector array, 
but is dcmagnilicU Uown onto the dctt->clor array. 'l1tis 
allows for substantially greater extension of resolution 
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capability, since resolution is only limited by the mask 
photolithography and the resolution cap:1hility of the 
optics, with less concern for long detector array sizes. 
However, the alignment and stability tolerances on such 
a system arc relatively tight, tmking it pmctical for only 
limited high performance applications. 

OBJECT 
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Fig. 4. 
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ARRAY-

Staggered aperture scnnncr using relay optics 

l)cstaggcring 

The required "dcst:1ggcring" algorithm needed to 
rearrange the picture dements in tlw buffer memory is a 
very simple storage operation which is understood ns 
follows. Considering the image of a single line of data 
on the object, H is !1Jst translated into posilioilUitdcr the 
bottom row of detectors. A tlt~r readout, the image line 
is trans\;1\Cil up where it is sequentially read out by each 
row of detectors. The destaggering algorithm is simply 
the following: the data read front the bottom row of 
detectors must he stored until the line has been 
translated to the top row, at which lime all picture 
clement:i along the line have been read, and the line can 
be reconstnictcd. Picture clements detected with the row 
of detcctms ne:\t to the hoHom must also he stored mllil 
the line of input data is translated to the top row, but 
the storagl' time is less bt>cause the line clements read 
were detected by this row at a later time. 

'!11e complexity of the buffer required for this operation 
is detcnninetl primarily hy its storage capacity, which is 
calculated as follows. If n is deli11ed as the number of 
rows of dctcctm-x, N as the number of detectors per row, 
and n· <ts the number of picture lines between detector 
rows (which equals n-1 for a nonamorphic system and 
equals 0 ltJr the anmnorphic optics shown in Figure 3}, 
then the required pixel storage capacity in picture 
clements is gh·en by 

buffer sb.e ~ N[n' + 1) [(n-1) + (n-2) + ... + 1]. 
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1l1is fommla can be used to calculate the capacity for a 
system using nonanamorphic pixel clements such ns that 
shown in Figure 2. This capacity is plotted in Figure 5a 
as a function of the total number of resolution clements 
per lint:, for a number of different values of 11, the 
number of detl'ctor rows. (The total number of 
resolution clements is equal to Nn, the product of the 
number of rows and the number of columns.} Each of 
the solid lines represents the rising bufiCr capacity with 
increasing total picture clements ICJr a given number of 
detector rows n. The rising dashed lines represent the 
hufkr capacity required for an array having a fix.cd N 
number of detectors per row. By fOllowing these curves 
to their intercepts with the solid lines, any given 
combination of N detectors per row (from the dashed 
line) hy n rows of det<.:t:tors gives the buffer capacity on 
the y :t,is and the number of picture clements per line 
on the X axis. Conversely, a system designer with a 
given requirement JiJr a number of picture clements per 
line can usc this graph to determine the tradeoff of 
number of detectors per row, munber of rows of 
detectors. and buffer capacity. Figure 5b shows the 
rt"quired butlCr for an :m:unorphic system similar to the 
one used in Figure 4. 'll1ese figures arc based simply on 
number of ohtainahlc ricturc clements from the detector 
system, without regar< for other system details. For n 
superimposed m;tsk imager, the combination of optics 
;md photolithography will probably limit the maximum 
number or clements practically achievable to between 
5000 and 10000 hccause of the required small aperture 
size. A more complicated relay setup such as shown in 
Figure 4 would enable extension to somewhere around 
10,000 to 20,000. limited principally by the optics. 

A range of other degrees of anamorphism arc also 
possible, all the way from nonanamorphic to the extreme 
of optics which spread the picture clements vertically 
across all the detector clements and requires no buffer. 
'llte required electronics obviously dt.-creases in 
complexity with decreasing number of detector rows, 
decreasing total nmnher of picture clements per tine. and 
incn~;lsing degree of anamorphism. 'l11e complexity of 
the ojllks increases with degree of an:unorphism, 
genera ly resulting in lower working light levels because 
of system coSt ami complexity tradeofiS. 'J11e exact limit 
to which this anamorphism cnn be pushed without 
significant sacrifice or light depends upon the pmliculm 
systcill maguifit:ation and cost constraints and is a 
detailed optit:tl design problem. 

Light Level Considerations 

111e signal level obtainable in a staggered aperture 
system is obviously dependent on light level, and should 
only be mmpared to a linc.:1r army system with !he same 
resolution. If the linear array is to he implemented with 
a detector sit.c equal to the :~perture sit.c in the st<lggcred 
aperture system, then the light level for the two cases 
will he th~ smnc. since the detection nre;ts .1re identic.1l. 
'll1e ditlCrcnce will be that due to the larger cell si1.e, Ute 
stagRercd aperture system will ex.hibit a larger dark 
current and a larger charge handling capability. If the 
staggen:d apcrtun:! system is to be compnred to .1 linear 
imager with U1c same detector sim, then the staggered 
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Fig. 5b. Required buffer capacity in picture 
clements for an anamorphic staggered aperture scanner 
with nn anamorphic ratio of n, where n is the number of 
rows of dctcx:tors. 

aperture system will have less light by the ratio of 
aperture area to detector arc.1. However, the linear array 
will also be n times longer, where n is the number of 
rows of detectors. In addilion, since the optics become 
easier to build for the higher demagnificalion required in 
the staggered aperture system. it may be possible to work 
with lower f/ # optics for the sm<tllcr pixel size, 
rL--covcring some of the lost light. ·n1is is a qualitative 
judgment however, which can only be dctcn11ined 
through a detailed lens design for a given system 
application. 

Sampling Aperture 

One interesting feature of the staggered nperture system 
is the ability to almost arbitrarily chosl! the sampling 
aperture size and sh~1pc. For a conventional llnear 
imager. squ<~re or n.·ctangular picture clements arc used 
which basically abut L'arh other at the detector edges. 
'!11is provides tOr sampling at the Nyquist limit with 
moderate control of image aliasing. For a staggered 
r~perture system, other aperture shapes which over 
sample could be used to give much Jhu;r control of 
nli:1sing. As an example, Figure 6 shows tllrce pOS'iible 
pixel sizes and shapes and the resulting system lvt'l'F. 
Also sllown arc the well known foldhack ali<lsing terms 
pnKluccd by convolutim1 of the system response with the 
tr;msfonn of the periodic sampling funclion.2 'l11c top 
curve in the figure shows a wnvcntional set of abutting 
phe\s with the foldhack aliasing image terms going 
through zero at the low spntial frequencies. The middle 
Hgure !-ihows a double width pixel having a 2-1 overlap. 
The filldhad: aliasing terms arc obviously much less, but 

.so is the l\!TF. 'lllc bottom curve shows an overlapped 
diamond which is a compromise ivlTF between the other 
two hut Jws a dramatically reduced nliasing fold bnek 
tenn ncar the origin. This type of aperture controls 
aliasing extremely well along the horizontal and vertical 
picture axes. 

Filtering Considcrntions 

One significant aspect of a stnggered aperture scanning 
system is that neighboring detectors s:unple light from 
every nth picture dement. llerausc of this. dcstaggering 

-must he perlbrmcd hchm~ ;my t1ltering operations can be 
applied to the readout signal. In addition, this places a 
higher required value on the charge tr~msfer efllicicncy 
of the readout register than would be required for a 
linem scanner. 

III. Experimental Breadboard 

A simple laboratory experiment wr~s set up to 
demonstrate the hasic staggered <lperlure concept A 
commercially available Fairchild array having 190 by 244 
cll'ments was used in a relay optics conllgur;1tion simi_lar 
to Figure 4. The top 15 rows of deh:ctors in the CCD 
were used, resulting in a total system resolution of the 15 
x 190 = 2850 clements. ·n1e magnification of tliC 
system was such that these resolution clements were 
spread ncross n 6.8 inch fonnal resulting in an image 
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resolution of 420 hits per inch. '!11c input was a black 
and white test pattern plr1ced on a translating stage and 
illuminated wilh light from two florescent lamps. Light 

FOLDBACK ALI~SING TERMS MTF 
I ' I 
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1 I I 

SAMPLE COMB·~ 

UDIII~ 

~!Ai/T <>®~ 
Fig. 6 
on the 
shapes, 

I I 

System MTF and foldhack aliasing response 
x-;Lxis tOr three ditlCrcnt nperture sizes and 

from the i1\mninated rer,ion was reflected off a 45 degree 
mirror, travek·d down an optical bench. and was imaged 
onto a mctalil.ed mask at B.5 reduction. 'Lllis mask was 
then relay im;1ged onto a commercially available area 
imager at 1: 2.25 demagnilication. Figure 7a shows the 
basic system llnnt end, with the lllL'talized mnsk, imager. 
and relay optics shown in Figure 7b. 

Fig. 7a. Brc.1dboard illumination system showing 
transport, lluorescent l;unps, 45 degree fold mirror, and 
test pattem. 
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Fig. 7b. Bre;1dhor~rd relay optics system showing 
primary imaging lens, tilted mask, relay optics, and 
detL'dOr 

Since the geometry nf the ;may was not spL'Cilically 
designed for this type of application, it has detectors 
arrang('d on a rect~mgular femnat such as Figure 2b, 
rather than the optimum thrmat ~hown in Figufl.! 2c. To 
account fin this, ;md still allow the light from each 
aperture in the ma<;k to fall in the approximate center of 
its approptiate detector, the mask and array were lilted 
with respect to th(' dirertion of document transport by 
(d degree~. '11w dkct this has is shown in Figure 8 
whkh shows a picture of the aperture mask, the 
tlpproximatc detector S('n:-ting clements. and the 
document picture clements. Ali seen in the tlgure, the 
npcrtures on each row of detec\ors were positioned to 
t-:111 exactly on one picture clement. Because of the tilt 
of the array, th('se picture clements were on di!Tercnt 
document rows as wL'il as dilkrcnt columns. An 
additionnl complexity involves the normal usc of the 
Fairchild array as a TV sensor, having interlaced readout 
of every other detector row. Compensation for this was 
achieved by displacing every other row of :tperturcs 
vertically by one half picture ckmcnt tiS shown in the 
figure. Due to the interlaced readout, these detectors 
were read out one half frame later than the others, 
allowing the transport to displace the pictllrc clements 
during this time so that they fell exactly on the rtpcrture 
locations. 'lllese cmuplications invol\'ing the usc of this 
particular array afiCct the complexity of the dcstaggcring 
algorithm, but do not alter the basic concept. 

Alignment of the mask with the array was nchicvcd by 
first aligning the mask with the array using a traveling 
microscope. This provided a crude alignment which 
could be pL'ilked up hy observing moire patterns on the 
detector array output which were c;ntscd hy interaction 
between mask aperture structure and the detector 
clement stmctme. With unifonn illuminalion at U1e 
mask this moire show up as a cyclic:1l vnriaHon of the 
detector output, a sample of which is shown in figure 9a. 
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Fig. 8 Diagram of tilted mask configuration used 
in breadboard showing overl:1pping picture clements, 
ma'>k. apertures, ;-~nd dclt'Clor elements. 

This cvclical variation showed maximum contrast when 
the m:isk was in f(ICW> on the array. '111is contrast was 
thus used lbr mean tbcus selling and for mask. tilt (in 
Hlnls) ad/·uslmcnts. Uptinnun magniHcation was 
determine' hy measuring the cycle length of this moric 
p<lllt'fll as the magnification was ch:mged and :o;etting it 
to give :m inlinite cycle length (i.e. when one moire 
cycle covered the entire length of the array). Final 
latewl tr:mslational adjustment of the mask was achieved 
by peaking up the entire output signal. Vertical 
translational adjustment was achieved by making sure 
that the top row of apertures in the mask tell on the first 
row of dekclors read out. Final alignment was :1chicved 
by illuminating one :1pcrture at a time and checking for 
isolated detector output as shown in Figure 9b. 

The Fairchild CCD2ll array used for this experiment is 
org:mizeJ as an interline liansfer system with 190 
interline transfCr registers of 122 clcments.3 It is 
operated in the normal TV mode with two interlaced 
fields. For readout, charge p:1ckcts from alternate sets of 
seusing clc1m'nts :uc transferred horil.(mtally to vertical 
intellinc register:-;, as shown in Figure 10. Each interline 
register an::esscs 24<1 sensing dl·ments in two fields of 
122. There arc 190 interline reghters fOr the 190 
columns of the army. 

'llte interline shift registers arc clocked in parallel so that 
fiu each \'Crtic:ll dock cycle, one charge packet from 
each interline register is presented to the output or 
horizontal register. It can be seen that for each field the 
entire contents of the vcrtict~l interline registers must be 

shifted into the output register before the next field is 
accessed to avoid superimposing charge·packcts from one 
field onto chargc·packcts from the next fich.l. In our 
e\pcriment 10 rows from each Held arc read out. ('11te 
15 rows of data actually used arc selected from these 20 
read out rows by the line counter electronics.} 

Fig. 9a Typical array output used to adjust array 
aligncmcnl showing moire fringes due to improper 
magnification. 

Fig. 9h Array output with single aperture 
illuminated. 

'llte timing sequence used to operate the array is shown 
in Figure II. '11lC horizontal output register contains 
200 clements ~md rccci\'cS the charge-packets from the 
interline transfer rcgistt.TS :1t each vertical shilL Charge 
packets arc shilkd out of the hmizontal register at 5 
tv! Hz. A total of )5{) shiH times arc used lbr c<tch line: 
200 to empty lite horiwntal register and 5h to wait while 
the ne\t line is shiHcd in ii·om the interline transfer 
registers, rcsulling in a total line time of 51 JISCC. For 
this experiment, lU of the 122 rows of sensing clements 
in each field arc read out. It is thus necessary to purge 
the unused accumulation of noise from the remaining 
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registers. resulting in a tott~l line time of 51 jlSCC. For 
this experiment, 10 of the 122 rows of sensing clements 
in each field are read out. ll is thus necessary to purge 
the unused accumulation of noise from the remaining 

DETECTOR ELEMENTS 

244 ROI'>S 

+-------·IOOCOLUMNS~--

Fig. 10. Interline transfer array organization 

rows of the vertical registers before a new field can be 
accessed. This is accomplished by incrcnsing the shift. 
rate of the interline transtCr registers from 51.2 /lSI.'C per 
row to 6.4 ttscc per row. "l11is vertical shill rate of 160 
KHz will empty the interline transfer registers in 717 
microseconds. 'l11c total lime to receive the entire frame 
of 20 lines is then 2.5 milliseconds. During the time that 
unused charge pnckcts arc being purged from the array, 
the horizontal output shift rate i!'> m.1intained at 5 MHz 
C\'Cn though the vertical shift rate has been increased by 
a tl1ctor of 8. 'l11is rcsuhs in the charge-packets being 
superimposed on previous charge-packets at an 8 to 1 
rate. Since the unused data consist only of dark current 
tmd background illuminalion. saturation of the output 
register is not reached with the 8 to l multiplication of 
the charge. 

'llte output signal from the array is threshold detected 
and converted into a 'ITL logic signal indicating either 
bl;1ck or while i11fimnation. A sample and hold circuit 
has also been provided so that more nccuratc 
mcasmcments or signal amplitude can be made. 

In order to implement destaggering for this brct~dboard 
system, inc\udmg the complexities of multiple lines. 
mulliple columns. and frame interlace, an off line 
concept was chosen ti.lr destaggering as shown in Figure 
12. The data was read limn the CCLJ array, single level 
thresholded for 1 bil detection, and read in real time 
into a 1.5 tvlhit FIFO at a data rate of 5 MH7.. 'l11is 
data was later taken from the FIFO, destaggered with a 
Fortran program in a NOVA XUO mini computer, and 
displtiycd on il CRT. Although this procedure is much 
too lime consuming for most practical systems, it was 
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adequate for this feasibility demonstration. 
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Fig. 11. Data fonnat for sl<lggered aperture breadboard 
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PROGRAM) 
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CRT 

DISPLAY 

Fig. 12 Breadboard electronic system· used for 
destaggering. 

Figure 13a shows an example of dnta read in from a tcKt 
test pattern, with output data printed on a laser printer 
tu show the full 2850 clement c;1pabilily. The d:tta file 
was limited in sil.e by the FIFO to a tilled region 
commensurate wilh the tilted array. The data at the top 
and bottom shows incomplete data lines where the 



""""'"'"''""'""""""""""""llllllllllllllllllllllllllllllllllllllllllllllllillllllllfiiiiiJJIIIIIIIIIIIIIIIIIIIIIJIIJJIIIIIIJIIIJIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
f •:• ,·• I', •·, 111 !1, !lriJII, . 

)~l(MO.QLXLAIHZlSWY'NKMHGitUOQ$XZIMIVC0SE1tfCKHJOUKMNKOUYUHGTlffOXZAWSOVINMHTGflHOWCQSZUfOZ~ 
thUot .. tllowtjlll:ohod;ohnt.fr.,.ly-honl•d•pcb.vl~pqKVI'jloplumllrdaJ:ow«vgyvlikOIOIInbfew4uqiiOdlv'~yfsgrrftrvdwuoqadrf~' 'f 0 ..... 
J941 .$0216319.50632 U6$739 20 1324 .56374 53 4 278691 Ol!i9.C031937 .5041261 57 A13920U75910714127 .593047516072$1U-41950271a»~ 
I POINT fUJUU. MfOIUM ' J 
t>U1Ntfl'O"t Of WOIIP tfGIJ!lnYo'=AP.t.&lf 0" 'E't-:0 'lLlb Olt ti!C:'PHfP.~E:O.P.t.ltnC',llf.IH." ._._, f'fr.:t:rlfU() nnn~ ,&J>I) WC:W! lfllHf R"..AtiHGtf' 

.:~~~!!.'!;:~ .. ·h'~'~"·::, .:"~ ·::::·:~ •1 !U::; :;:•_-!1 :::.:~~··!.' ;~.:::;,:·':;;;,n.:!.!!:.;::: .. ~.:: .. :::~:·::'f:·:"Y ,~ , , .. ~·'· , ....•• 1 li:• '"'"·Ill"'';. 

Fig. Ba S:unplc output of full resolution scanner showing 2850 hit resolution. Top and bottom rows of data are 
im:ompletc bt'GIUSc data rows were imaged in middle (vertically) of detector rows when data taking started or stopped. 
Spacing of vertical black lines indicates spacing of detectors on array. 

• • • • • • • 
• 

cs . 
• • • • 

Fig. IJb. Magnified view of data in Figure 13a. 
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Fig. Uc. Output for input halftone pattern. Comb function at edge of picture is incomplete data. Spacing of comb 
function shows spacing of detectors in detector array. (Uackground is black for this picture because the test pattern was 
negative and the data has been inverted.) 

Fig. !3d. Expnndcd view of d<lla in Figure 13c. 
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document line was imaged inside the region of the area 
im;~gcr when data tilking commenced or when it 
tinished. As expected, the incomplete data shows up as 
a triangular comb function, since data points nearer the 
center were sampled hy more detector rows than those at 
the edge. Figure 13b shows an cnlargcmcnt of some of 
the textural detail. showing no significant noticeable 
aftL-ct of the dcstaggcring procedure. Some black dots 
arc seen in the background region which were caused by 
noise in the clcdronks which were not fully optimized. 
Figure Be and d show similar results for an input 
ha!Jlonc picture with a screen frequency of 85 cells per 
inch. In this e<tsc, the test pallcrn was a negative and 
the picture has been inverted to clearly show the comb 
fum:Lion aL the edge of the field. 'lllC spacing of the 
ledh in the comb indicates the spacing of the actual 
detectors in the array. 

Conclusion 

A tedmique has been demonstrated for achieving high 
resolution line :;canning of a two dimensional image by 
ming an area dctl'ctor array. 'll1i:; technique uses a 
metalized aperture ma:;k on the optical input and a 
computer butler memory on the array output to achieve 
higher n.:solution per/(mnance than possible from a 
single linc;lf array. A sampll' breadboard system was 
built to demonstrate the high resolution data can be 
taken in this way and n.xonstructcd without artifacts. 
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