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MODULATED FIBER OPTIC IMAGE SCANNER

BACKGROUND OF THE INVENTION
This invention relates to image scanners for

use in facsimile machines and the like. Document scan-
ning devices transform images on paper (text-or art)
into a digital format suitable for processing by a com-.
.puter. This data base can then be used for a host of
applications ranging from facsimile (FAX) machines to
copying machines.
Current scanning devices rely on optical
_ lensing to focus the image on paper onto the image
% plane of a "camera tube". Modern "camera tubes" are
f actually solid state charge coupled devices (CCD) or
photo-junction sensors that convert the imagé into a
digital signal.

In scanning the paper image,.two approaches
have been taken: area array scanning and line scan-
| ning. In area array scanning, "snap shot" composite
pictures are actually of the document as it passes the
viewing window of the scanning optical lensing (similar
to composite aerial photography). An "area" CCD device
(witﬁ*other elecfronic'circuits)-then digitizes each
"snap shot" and electronically "glues" these images
back together inside computer memory. Once this elec-
tronic photograph is created, it can be used for any
application where digitized image scanning is required
(facsimile FAX machines, solid state paper copiers,

computer document scanner, inspection machines, etc.).



fwithe other elegtronic circuits) then digitizes each "snap shot" and
ehectronically "glues" these i mages back together inside conputer menory.
Once this elec- ‘tronic photograph is created, it can be used for any
application where digitized i nmage scanning is required (facsimle FAX
machi nes, solid state paper copiers, conpu?er docunment scanner, inspection
machi nes, etc.). 2 The drawback for area scanners is in their limted
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wide documents, this represents a horizontal resolution
of from 14 to 200 lines per inch. As a reference
point, 200 lines per inch is still very coarse resolu- -
tion for photographs, while newspaper quality pica type
reguires at least 70 lines per inch for proper font
reproduction.
Area black and white (B/W) CCD pick-up devic-
. es are expensive and increase greatly in cost as the
resolution and span coverage increase (above 8-1/2 inch
scan width). As an example, a zero defect 128 X 128
high speed area array can cost over one thousand dol-
lars. Other arrays with higher resoclution can exceed
$10,000 just for the imaging CCD! (e.g. the Kodak 4-
Mpixel imager; Electronic Engineering Times, Dec. 12,
1988. p. 14) The high cost of CCD's forces mény imag~
ing applications to use hybrid solutions where mechani-
cal scanning is combined with CCD technology. A fast
full feature FAX machine with no pixel defects and ca-
pable of 200 lines per inch resolution can sell for
over two thousand dollars. Even the least expensive
B/W FA¥X machine (with slow mechanically scanned CCD
carriaées) will still cost over $600.00. Low cost
($300 or less), high resolution scanners simply do not
exist today. '
In line scanning, linear photodiode or CCD
arrays scan one line at a time as the document passes
the sensor strip. This technique also requires optical
lensing and supporting optical hardware. Sensor strip
scanner integrated circuits are also very expensive;
for egample} a zero defect 1024 X 1 linear array can
cost over one thousand dollars (e.g. the Reticein
RL1024C).



Area Bl ack and white (B/W CCD pick-up devic- es are expensive and increase
greafly in cost as the resolution and span coverage increase (above 8-1/2
inch scan width). As an exanple, a zero defect 128 X 128 hi gh speed area
array can cost over one thousand dol- lars. O her arrays w th higher
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Thi's technlqueg%%%piggngée%tplglE@b sensors, plus the document must
be scanned three times (one for each primary color) for
color encoding. A severe problem with such machines is
maintaining exact alignment of the three scans so that
color bleeding and loss of resolution does not occur.
Conventional optical scanners have many
parts. This adds to product cost and therefore, sell-
ing price. This is one reason why low-cost scanners
are currently not available. The following items high-
light the major cost variables for a modern day image
scanner: i
a. Optics. Major cost items incluée a cam-
era pickup device with scanning electronics, optical
lenses, focus system, and strip aperture system.
b. Drive System. The mechanical drive sys-

tem must be highly precise and requires stepper motors
coupled to precision gears. Electronics to drive the
stepper and precision parts are costly.

c. Illumination. A bright and flaﬁ source
of illumination is required. This source must span a
minimum of 9 inches and typically uses a gas discharge
tube bulb powered by a high voltage power supply. 1In
addition, green light filtering is necessary since CCD
imaging devices must use this color to achieve maximum
resolution.

Large document scanners for "D" size prints
or drawings are not known to exist since it is quite
costly to produce a 36 inch scanner (suitable for E
size industrial prints) that offers 200 lines per inch
resolution.



Len§|ng and supporting optical hardware. Sensor strip scanner integrated:
~circuits are also very expensive; for exanple, a zero defect 1024 X 1

| i near array can cost over one thousand dollars (e.g. the Reticein
RL1024C). - 3 Black and white grey shadg scanners are still premium
devices available only to high level industry. In general, these scanners
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Conventional ORiHGY 23ePAHIQP>sRaAVEnAY support; the second ends of
the first fibers are disposed to receive light emitted
from the light source. First ends of a second array of
fibers are disposed in the support adjacent the first
ends of said first fibers. The second ends of the
first fibers are disposed in light-transmitting rela-
tionship to the array of light-sensitive elements. As
an image is moved relative to said support, light from
the light source transmitted from said first ends of
said first fibers will reflect from the image, and the
reflected light'is received by the first ends of the
second fibers and detected by the array of light-sensi-
tive elements. The information received by the light-
sensitive elements is electronically sorted to repro-
duce said image.

For reasons set forth below the present in-
vention is an inexpensive, high-resolution optical
scanner that can be constructed for B/W, grey scale, or
color reproduction. In addition, the optical scanner
of this invention can be constructed to scan documents
exceeding 8.5 inches in width, in fact documents up to
E size industrial prints can be scanned. The optical
scanner of this invention, therefore, can be used to
transmit or copy documents of a size and at a cost not

possible before.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a perspective, exploded view of

an optical image scanner of the present invention;
FIGURE 2 is a detailed view of the operation
of the fiber optics in the present invention;
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FIGURE 5 is an electrical diagram of the cir-
cuitry employed in the optical scanner of the present
invention;

FIGURE 6 is a perspective view of a drum that
is used in the manufacture of an optical scanning ele-
ment of the present invention;

FIGURE 7 is a detailed perspective view of a
drum of Figure 6 onto which optical fibers have been
wound and adhered together;

FIGURE 8 is a cross~section through the wound
fibers of Figure 7 taken along the plane of line
XIII-XIII of Figure 7;

FIGURE 9 is an illustration of how fiber bun-
dles are cut from the drum of Figures 6 and 7;

FIGURE 10 is a detailed perspective view of a
die assembly used to make an optical scanning element
of the preseﬁt invention;

FIGURE 11 is a perspective view of a partial-
ly assembled optical scanning element of the present
invention; )

FIGURE 12 is a perspective view of the par-
tially assembled element of Figure 11'in a further step
of manufacture; .

FIGURE 13 is a detailed perspective view of
the optical scanning element during a step in manufac-
ture;

FIGURE 14. is a detailed perspective view of
the optical scanning element during a step in manufac-

ture;



costly to producg a 36 inch scanner (suitable for E size industrial prints)
that offers 200 |lines per inch resolution. 4 SUMVARY OF THE | NVENTI ON
The current invention is an optical imge scanner that includes a |ight
source, a support, and a first array of optical fibers. First ends of the
first fibers are disposed in the support;‘t%é‘second ends of the first
fibers are disposed to receive light emtted fromthe |ight source. First
ends of a second array of FiGHREs 1 d i SFasF-isecthens kppent aaapdcERe t he

fi rst endjs of_se;k;hﬁé rﬁ_jﬂr@p&-x%e;fsm@ﬁeemﬁ of the first fibers are
1 Ght -sensi tive of oment s, TACUE Miadd % RRATBIFAVE, PIEV, BEoaPd°SaRRr
light fromthe Iblpd opuiraed tscamsyiing ed dmenrh ofi dhei currentsioies&idnti r st
fibers will reflect from tgQyeiqe ;A4 M ematic representation of

the scanner of the present invention used in a facsimi-

le machine;

FIGURE 18 is a schematic respresentation 6f
the scanner of the present invention used in a photo-
copy machine; '

FIGURE 19 is a plan view of the active sur-
face of a dynamic RAM device used to receive light from
the refelctance fibers in the optical scanning element
of this invention;

FIGURE 20 is an exploded perspective view of
the assembly of the reflectance fibers and the dynamic
RAM device of FIGURE 19;

FIGURE 21 is a perspective view of a flexible
scanning element of the present invention:

FIGURE 22 is a perspective view of the flexi-
ble scanning element of the present inveﬁtion used in
scanning a non-planar surface;

FIGURE 23 is a perspective view of a fibef
decoder/unscrambler used to calibrate a scanning ele-
ment of this invention;

FIGURE 24 is an illustration of an alterna-
tive embodiment of the optical scanning element of this
invention;

FIGURE 25 is an illustration of the arrange-
ment of transmitting and receiving fibers in the opti-
cal scanning element of FIGURE 24;

FIGURE 26 is a detailed exploded perspective
view of a tuning fork chopper assembly used in the col-
or scanner of the present invention; and

' FIGURES 27-34 illustrate a method of
manufacturing the optical scanning element of FIGURE
24.



reflécted light;is received by the first ends of the second fibers and
detected by the array of light-sensi- tive elenents. The information
received by the light- sensitive elenents is electronically sorted to
repro- duce said inage. For reasons set_-fprih bel ow the present in- vention
I s an i nexpensive, high-resolution optical scanner that can be constructed
for BIW grey scale, or color reproduction. In addition, the optical
scanner of this invention can be constructed to scan docunents exceedi ng
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det ai |l ed V|em10f the o eratlon of the fiber optics in the presént
i nventi on: and mean 19B (such as a motorized roller) for

moving an image 20 relative to optical scanning element
12. '

Optical scanning element 12 comprises a sup-
port 22 that in the preferred embodiment is a body of
polymeric material in which two pafallel linear arrays
of optical fibers are embedded. The first array of
optical fibers 24 has its first ends 24a embedded in
the support, and the second ends 24b of optical fibers
24 are disposed to receive light from light source 26.
The secénd array of optical fibers 28 has its first
ends 28a embedded in support 22 in a line parallel to
the first ends 24a of first array 24. The second ends
28b of second array 28 are disposed in light-transmit-~
ting relationship with light-sensitive array 16.

The importance of embedding the optical
fibers in a moldable material cannot be overstated
since allowing flexing or movement of the fibers during
or between uses of the device can lead to changes in .
the optical transmitting characteristics of the fibers
which can produce variations in scanning quality. It
is also important to use moldable materials that do not
transmit light to minimize the chance of light
ﬁransmission between adjacent or proximate fibers,
particularly at the scanning ends of the fibers.

As shown in Figures 3A and 3B, the first ar-
ray of transmitting optical fibers 24 and the second
array of receiving optical fibers 28 are molded in a
rectangular support or ferrule 22 that is formed from a
polyﬁeric material (e.g. Biwax 646 epoxy from Biwax
Corporation, DesPlaines, Illinois) that is molded



5 FI'GURE 3 is an illustration of the nethod of manufacturing-an optical

vscanni ng el enent used in the present invention; FIGURE 4 is a detailed

expl oded perspective view of a tuning fork chopper assenbly used in the
present invention; FIGURE 5 is-an electrigal diagramof the cir- cuitry
enpl oyed in the optlcal scanner of the present invention; FIGURE 6.is a
perspective view of a drumthat is used in the manufacture of an optical
scanni ng el e- mawundf thee fpbesenthatvenei posiEiGURE Ihis wedetegdlet

perspective vi ﬁw&af aydr %EE‘Ef Eh%%r@n%i@t%-@e@@i hér Oﬂ%‘y{fg{ gve been

wound and adhered toget her; Ccross-section e wound
fibers of Figudé f%ﬁénfapb‘n@ FhEngaﬁbb%’F 2% nehoyn | i Fiowre Biyure 7;

- The single fiber 30 is supported in a V-shape configu-
ration as shown in Figure 3A, and the ferrule is molded
around the fiber. The bottom portion 32 (represented
by the dashed line in Figure 3A) is then removed by
machining it away to separate the single fiber 30 into
two fibers 24 and 28 having ends 24z and 28a in close
proximity (e.g. from about 0.02 to about 0.07 mm)'to
each other.  The portions of the fibers 24 and 28 near
ends 24a and 28a also are positioned to form an acute
angle "Q" (Figures 3 A and B) between about 5 to about
15 degrees, preferably from 8 to about 12 degrees.
Further details of the assembly of an optical scanning
element of the current invention are provided below.

During scanning, array 24 acts as a linear
light source, i.e. linear along the longitudinal axis
of scanner element 12. Array 28 acts as a linear
reflectance pickup to'receive reflected light from the
surface of the paper. This is illustrated in Figure 2.
As the document is scanned, the two arrays 24, 28 are
just above the surface of the image 20. In fact, the
proximity is important to high resolution. It is rec-
ommended that the ends 24a and 28a be a controlled
distance "d" (Figure 2) from 0.05 to 0.10 mm from the
paper image 20. Preferably, the distance "d" should be
from about 0.05 to 0.06 mm, most preferably, 50.8
microns (0.002 inch) (the diameter of the preferred
fibers). This distance is preferabiy controlled by
placing a transparent film 76 (Figure 2) of the
appropriate thickness over the ends 24a and 28a.
However, the distance can be maintained even over an
air gap with precision paper feeding devices.

' It can be seen from Figure 2 that each fiber
24 will illuminate the area illustrated by the vertical



FIGURE 9 is an.illustration of how fiber bun- dles are cut fromthe drum of
. Figures 6 and 7; FIGURE 10 is a detail ed perspective view of a die assenbly
used to make an optical scanning el enent of the present invention; FIGURE
11 is a perspective view of a partial- Ig assenbl ed optical scanning

el ement of the present invention; FIGURE?12 is a perspective view.of the
par- tially assenbled elenent of Figure 11 in a further step of

manuf act ure; ErGsREha%ching;detbdillecthecespact'scannedl by the optica

scanni ng el emgRicd4shl0 rapekeRsl B sMBNULAGrakde by kERBot4zbata det ai | ed
perspective view of the optical scanning elenment during a step in manufac-
ture: 6 crosshatching. Where the crosshatched areas meet is

the region where the image is scanned. With the fiber

diameters in Figure 2 and the spacing between the

fibers of 50.8 microns, the device can scan an image 20

as small as 50.8 microns.

As indicated above, ends 24b of fibers 24 are
positioned to receive light from light source 26. The -
ends 24b are collected in a round collett 32 that is
later molded into support 2Z. The order that these
fibers are captured in collett 32 is unimportant. Once
the ends 24b are collected and molded into support 22,
they are cut and polished.

Ends 28b are, of course, positioned to trans-
mit light to light-sensitive array 16. Ends 28b are
collected in a rectangular collett 34 that is later
molded into support 22. The order that these fibers
are captured in collett 34 is also unimportant as will
be explained in detail below. Once the ends are col-
lected, they are cut and polished.

Optical chopper 14 is positioned between
light source 26 and ends 24b of fibers 24. Optical
chopper 14 is not necessary for straight B/W scanning.
However, for grey scale and color scanning, the optical
chopper is needed. Chopper 14 is a tuning fork 36
{(Figures 1 and &), the tines 38a and 38b of which have
welded to their respective ends flat stainless steel
apertured blades. 40a and 40b, respectively. The aper-
tures 42a and 42b are normally in alignment when the
tuning fork is not oscillating. The two tines (and
hence the apertures) will oscillate once inward and
oence outward during -each cycle. When the apertures are
fully inward toward each other, they are substantially
out of alignment so as to prevent light from passing



FIGURE 15 i.,s a gross-section taken along the plane of |ine XV-XV of Figure
¥4; FIGURE 16 is a perspective view of an assem bled optical scanning
el enent of the current invention; FIGURE 17 is a schematic representation
of the scanner of the present inventianysed in a facsim- |e machine;
FIGURE 18 is a schematic respresentation of the scanner of the present

i nvention usedihPodgRhOh®- asPtur@s Engh tHOURRNY dourd @) tHeL \Wrfls t he
active sur- face of _a q%nan1c FUWQ%Elee u%§$ to.receive light fromthe
refel ctance fib&sof nfHReTDptT cal “HE %y EIShehe APHESSHAER i on;

FI GURE 20 is apubXypl ouewapdrspeet £frven eash aftidre adsanine afuddtan-

refl ectance fi 1an ﬂﬁﬂ]ﬁ | g%:lgRE] . FE QMQE 21 is a
per spective vi ggvgg%ﬁag‘#g%g%e sca%lﬁ‘?r%éjgée(r\rtgongro%% e 6‘%&&#{1‘ I nventi on;
FI GURE 22 is aPpesipecthyeugh cthofargietyresifran &he dhighily soumeenttoof t he

present i nvent+pa &S&E 24b of fibers 24. However, as the apertures
move toward each other from their outermost positions,
they first partially align, progressively allowing more
light to pass, until they are in complete alignment
when they allow the maximum amount of light to pass.
As the apertures move further inward, they are still
partially aligned, progressively allowing less light to
pass until they reach the point where they are mis-
aligned and will no longer allow light to pass. Thus,
. this motion will generate two maxima and two minima
of light per cycle. Using angular degrees as a refer-
ence, the minima occur at 0 and 180 degrees thle the
maxima occur at 90 and 270 degrees. Zero degr;e is
defined as the extreme outward motion of the apertures.

The use of a chopper is an important element
in this fiber scanner invention. As the light source
is increasing and decreasing in a near-linear fashion
(due to the rectangular apertures), the document being
scanned will be illuminated in the same way. Since the
linear reflectance fibers are looking at the same line
that the source fibers are illuminating (for reasons
-explained below), the reflected image will always be
black at dark ahgles of 0 and 180 degrees (no illumina-
tion) and will have maximum reflected light at 90 and
270 degrees. This modulation makes multilevel grey
scale scanning pdssible. '

A pixel is defined as the smallest dot size
that can be resolved. By design, when the rectangular
apertures are fully open, even dark levels of grey will
be illuminated brightly enough to be sensed by the
scanner. If it is not sensed, the pixel being scanned



scannlng a,non-pl anar surface;, FIGURE 23 is a perspective view of a fiber
decoder/ unscranbl er used to calibrate a scanning ele- nent of this
invention; FIGURE 24 is an illustration of an alterna- tive enbodi ment of
the optical -scanning elenment of this invention; FIGURE 25 is an
illustration of the arrange- nent of ttarsmitting and receiving fibers in
the opti- cal scanning elenent of FIGURE 24; FIGJRE 26 is a detailed
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0 or 180 degrees (dark angles), the more reflective or
bright is that pixel. On the other hand, the closer a
shade is sensed to 90 or 270 degrees (bright angles),
the less reflective or dark is that pixel.

The tuning fork is placed over a permanent
magnet assembly 42 (Figure 5) that has an electromag-
netic coil 44 wound around it. When the coil is excit-
ed by an electrical square wave signal (at resonant
frequency) of sufficient amplitude, the fork will be
forced into constructive oscillation.

| The fork vibration will slowly build up am-
plitude and stabilize (within 5 seconds) when the os-
cillation inertia equals the flexible resistance. Once
stabilized, the magnetic coil will push and pull on the
fork and keep it excited. 1In this state, the Ehopper
oscillates at its natural frequency and will undergo an
exact displacement. These two characteristics makes a
chopper perfect for precision light modulation.

The ends 28b of fibers 28 are butted flush to
light-~sensitive array 16. Light-sensitive array 16 is
a dynamic RAM memory device, and it is secured to the
fibers with clear epoxy. Array 16 can also be a CCD, a
photo-diode array and the like.

It is unimportant how the fiber orients it- .
self to the active surface of the dynamic RAM. Once
secured, the orientation of the fibers to the RAM sur-
face can never change.

As shown in Figure 23, the position of each
fiber on the active surface of the dynamic RAM is ini-
tially determined after manufacture of the optical
scanning element by passing a light source 88 housed in
a housing 90 that has a 0.0005" slit 92. in it over the
ends 28a of receiving fibers 28 so that ends 28a re-



The vptical scanner 10 (Figure 1) of the present invention includes an
soptical scanning el enent 12, an optical chopper 14, a light-sensitive array
16, and nmeans 19A, 19B (such .as a notorized roller) for noving an i mage 20
relative to-optical scanning elenent 12. Optical scanning el ement 12
conprises a sup- port 22 that in the pretérred enbodiment is a body of

polymeric material in which two parallel |inear arra§§ of optical fibers
are enbedded. rEreive dheyddghtorendfitedy thronghs the §3d G- s A Fg“t" 8Rds 24a

enbedded in thgr dgOrdibeand e Saqend sl 24k Obosptiionl ohi bhes 24 are
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a nol dabl e mattypigaldandat e caytamcd @i%éé-%‘l“\%%’r&nf Iféfﬁ'ﬁg°5r novenent
of the fibers {4 ifber on the RAM chip. Thus, the images scanned

when the product is used can be unscrambled by the

computer memory. As shown in Figure 23, housing 90 is

driven by a lead screw 94 in turn driven by a motor 96.

| The dynamic RAM used is a low cost memory

integrated circuit that is sensitive to the visible

light spectrum. Since the optical fibers are directly

touching the surface of the IC die, problems such as

optical image scattering, depth of field concerns, im-

age blooming, and image pixel overlap are either mini-

mized or completely eliminated.

| Converting reflectance light informdtion into

a digital form without the use of glass optics will

keep distortion to a minimum. Many existing scanners

can only realize 70% of their calculated resolution due

to the distortion problems mentioned above.

In a low cost dynamic RAM with 256 X 256

lines of resolution, a total of 65,536 points will be

available in the RAM memory array. Since the optical

fiber bundle has a total 4,500 fibers for a 9 inch scan

width with 500 dots per inch resolution, it is only

necessary to use 4,500 sensor elements and ignore the

rest. The size of each RAM element is much smaller

than the .002 inch diameter fibers. This allows the

cross section of each .002 inch fiber to overlap many

cell elements on the RAM die. Because the fiber is

flush against the die sufface, light coupling between

the fiber and the immediate RAM cells is very effi-

cient. Around 14 cell elements will be captivated by

each fiber. Fewver than all and preferably one key RAM



or bet ween ‘usesiof the device can lead to changes in the optiecal
transnlttlng characteristics of the fibers which can produce variations in
scanning quality. It is also inportant to use noldable materials that do -
not transmt light to mnimze the chance3zof |light transm ssion between
adj acent or proximate fibers, particularly at the scanni ng ends of the

fibers. As sho Ln_Fi s.3A nd 3B rst.ar ay.of trans ttlng
opti cal fibersw%&&aﬁgegﬁégsé%on 1ar rbu ??£%e|V|ngt%é)g&b T 19 ers *bg are
nol ded i n a rewiddgbeasedappedt aarthérpnileam $eRBOY 65 | oiweohﬁﬂom a
polyneri e nmat eghabueerdbeBi Wax 646 epoxy from Biwax Corporati on,
DesPl ai nes, Illinois) that is _nol ded 8 around the fjbers that are
positioned in a rect anguPBf ﬂﬁ?ﬂntFﬂef%Et“s%%%hs?r%WE&ﬂt?l?ﬁf@%ﬁelV|ng

fiber pair is feeradifredy) acsi 8gheoti dbeémentshDynthat sl S A rohhe Si ngl e
fiber 30 is SUQRgrESmalnl g efeaggtgoﬂgégunot be processed. By
reading and processing only signals from only selected
- elements, the speed of the scanning can be maximized.

A dynamic RAM is an integrated circuit com-
prising many "memory cells". Each cell is basically a
very small charge storage capacitor and an electrical
switch (FET field effect transistor) that c¢an connect
this capacitor to a "sense line". This sense line has
the ability to "sense" minute electrical charges that
might be presenf in the storage capacitor of a memory
cell. If the storage capacitor has no charge in it, it
is defined as LOGIC 0. If a charge exists, -the memory
cell is defined as a LOGIC 1. However, depending on
the RAM device, this logic can be reversed.

Since the "charge" in a memory cell cannot be
permanently retained by the storage capacitor (due to
inherent semiconductor leakages), a LOGIC 1 state will
"leak away" and be lost unless the capacitor is rou-
tinely recharged or "refreshed". This refresh process
senses the charge in a memory cell and rewrites a fresh
charge back into it. Conversely, if a memory cell has
no charge in it, the refresh action will make sure that
this cell is kept in a discharged state. For this rea-
son, this device was named "dynamic RAM".

To address a particular memory cell in the
dynamic RAM, a row address and a column address must be
defined. This function is usually performed by exter-
nal electronic circuits supporting the RAM. Based on
this address code, decoder circuits internal to the RAM
will either read the state of that memory cell (LOGIC 1
or O) or write a state into that memory cell.



ration as shown,in Figure 3A, and the ferrule is nolded around the fiber.
The bottom portion 32 (represented by the dashed line in Figure 3A) is then
renoved by machining it away to separate the single fiber 30 into two '
fibers 24 and 28 having ends 24a and 28a.in close proximity (e.g. from
about 0.02 to about 0.07 mm to each othéi. ~The portions of the fibers 24
and 28 near ends 24a and 28a al so are positioned to forman acute angle "Q

(Figures 3 A and B) bet wernabore of ttheudnanis &l desigmefidr &ly from 8

to about 12 deqemesy &&1ihes deid) | st of s thecasmardd i yfaids gl cal scanning
el enment of the_curyent ifven"on,areéggovided beIOML]ﬁgnin sca3$ing,,array
24 acts as a | FREEReH; ght? SAMHLRIOR . &5 | F NI 60h & Stitte HomgPBTFALTAT axi s

of scanner el eientrdw.idreyd28evety ekher Inemary raflllediarhatpisamep to
receive reflectgd LLohiodroukiben syl f ske-Sfxddie AAPG Ty pmdd bustrated

in Figure 2. As e docunent 1s scanned, the two arrays are Just

above the surfpeefermedcevenycfen miklisgeondheopinformarion wikldrPent to

hi gh resol utiofgstt |8tres-impernsed ‘E@%ﬁoﬁé‘ecﬁﬁjifz‘ﬁarﬁ%z%ﬁ%ebﬁ s

control | ed only 60% charged (40% discharged), a refresh cycle will
immediately bring this charge back up to 100%.

If a dynamic RAM memory cell is "armed" by
putting a LOGIC 1 into it (charged capacitor), this
cell will normally retain this information for at least
1 to 4 milliseconds. This is true only if the cell is
not exposed to light. If light is falling on this mem-
ory cell, the energy from the light will create leakage
paths (proportional to the lighf intensity) which ac-
celerates the discharge of the memory capaci%or.

The more intense the light, the faster the
charge will decay in the memory cell. This decay can
be as short as 10 microseconds. By comparison, one
read cycle into the dynamic RAM is much shorter and
takes a maximum of 90 nanoseconds. The importance of
this ratio will soon become clear. For definition, a
microsecond is 1 millionth of a second while a nanosec-
ond is 1 billionth of a second.

SCANNER PRODUCT FAMILY BASED ON THIS INVENTION
PRODUCT 1 (16-GREY LEVEL B/W SCANNER)’
Scan sequence description:

a. Before scan line execution, the optical
RAM is quickly loaded with all LOGIC 1's. This is done
at aperture angels of O and 180 degrees.

b. A frame is defined as a window segment
in the aperture motion where a read process is done on
the dynamic RAM. Sixteen such reads will be performed
for each full chopper cycle. A read is done only on



di st ance "q" (Figure 2) from0.05 to 0.10 nmfromthe paper i-nage 20.
Preferably, the distance "d" -should be fromabout 0.05 to 0.06 nm nost
preferably, 50.8 microns (0.Q002 inch) (the dianmeter of the preferred
fibers). This distance i-s preferably contgalled by placing a transparent
film76 (Figure 2) of the appropriate thickness over the ends 24a and 28a.
However, the distance can be maintained even over an air gap wth precision
paper f eedi ngthiewasistive slkopseeetier rQﬁnﬁieglﬂl'@PPEtma{a . bS 24 wil |

II1um nate the g Qéfﬁ?éfufﬁg$3'if@*ﬁ“ﬁtﬂﬁéing 18 HE tighi ng, while
the area "scanned% y the receliving fiber | %}
horizontal creAShARIRRRE WY ¢ %gg%r%’s%’?%ﬁ%r?é’i#&r@a %leet g region

where the inmage is scarmned. MiFing hichd i hiarsidiiareatemssinion famgpureef 2 and t he
spaci ng bet wegnthe Jiders Ol 20y 8 {4 GO artd Gl GA PR Gk | Mage 20

In the second ramp (180-270 degrees), another eight

frame reads will be done. In total, 16 frame reads for

16 levels of grey will be executed every chopper cycle.

_ d. By definition of design, the first group

of 8 frame reads will do a line scan for odd grey lev~

els (1,3,5,7,9,11,13,15) while the second 8 frame reads

takes care of the even grey levels (2,4,6,8,10,

12,14,16).

e. During a frame read period, three ac-
tions will take plaée. The first two events are inter-
twined (memory cell read and réfresh) while the third
event exposes the memory cell to light. )

f. For 500 dots per inch horizontal resolu-
tion, one 9" scan line requires 4,500 fibers. At 90
nanoseconds per fiber, it will take 405 microseconds
(4,500 X 90ns) to do one full line scan. Since refresh
is inherent to the read process, all memory cells are
repeatedly refreshed during this 405 microseconds peri-
od.

g. The dynamic RAM used (e.g. a Motorola
MCM 6665B or a Micron Technology MT4264) as the optical
sensor has a 64K X 1 structure (65,536 cells). Access
to memory cells are through 256 row addresses and 256
column addresses. 'By entering a specific row and
column address, one specific memory cell out of 65,536
can be read or written into. This allows the designat-~
ed cell under each fiber to be accessed at random.

h. The reflectance fibers are bundled into
a rectangular shape with polished ends which fits di-
rectly on the top of the dynamic RAM die and affixed in
place by clear epoxy. A hermetic MT4264 ceramic pack-



as snall as 50.8 microns. As i:ndicated above, -ends 24b of fibers 24 are
positioned to receive light fromlight source 26. The ends 24b are
collected in a round collett 32 that is later nolded into support 22. The
order that these fibers are captured Lnigoklett 32 is uninportant. Once the
ends 24b are collected and nol ded into support 22, they are cut and
polished. Ends 28b are, of course, positioned to trans- mt light to

| i ght - sensi ti Bgearksaprses bE%?dé"iZ@b.t%eet@DI megrddlid zyemewednguThiscol |l ett

34 that is |atey sMhaddveo isUBRGUre2215ThadoRder Fhghrbheseshihers are
captured in collett 34 is also uninpportant as w ll|l be gxplglne I n_det ai
bel ow. Once t H'SRROLHRITAFION @ € ARy Ve, BUEERCENGOBOPE SAAYPEPTI cal
chopper 14 i s iRORAM Giredthee Mot@iroliagMCMS§666Be 2@handuefidse?2db dividbers 24.

Cpti cal chopnets Lhds Aol BRGGSSHk el Olealh” BEORL: BLW 5CGRRIRT. pbBuEver, for
grey scale and col'or scanning, the optical chopper i5 needed. opper 14 is
a tuning fork -36QqQ Fimgdresireand Thps.t fBerpnds Zouchiy 368BH8Gf mmAi eh have

surface area total among the four areas. Accordingly,
this area can accomodate approximately 4,750 fibers
(each of which is 0.002 mm in diameter).

As shown in Fig. 20, the receiving fibers are
gathered into a rectangular collett 34 that is divided '
into guadrants corresponding in area to the four DRAM
areas on active surface 16a. The collett is then posi-
tioned in an alignment guide 82 that has a rectangular
sleeve 84 adapted to receive collett 34, and a flange
portion 86 adapted to overlay and align with the array
16. The assembly is secured by applying clear epoxy to
the active surface 16a and the polished ends of receiv-
ing fibers 28, and positioning them so that the fibers
are in close proximity to the active surface. '

i. The dynamic RAM die has a length to
width aspect ratio of 5 to 1 that will easily support
4,500 fibers in an array of 30 fibers (columns) by 150
fibers (rows). The MT4264 die dimensions are 2.176 mm
X 11.008 mm. With 4,500 fibers at .002" diameter each
covering the die, almost the full die will be encom-
passed. Each .002" diameter fiber will bear a "foot-
print" over 14 memory cells (65,536/4500) on the die.
The inner most cell of each fiber footprint,wiil'be
chosen as the key sensor for that single fiber.

j- During the read/refresh period, each .
memory cell will be refreshed at least 30 times (4,500
points/150 fiber rows= 30 access) or 13.5 microseconds
(405usec/30= 13.5usec) between refresh events. As men-
tioned earlier, this high rate of refresh is a direct
result of reads to other memory cells in the same row.
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wel ded to t.heir ,respective ends flat stainless steel apertured bl ades 40a
and 40b, respectively. The aper- tures 42a and 42b are normally in

al i gnment when the tuning fork is not oscillating. The two tines (and hence
the apertures) will oscillate once inward and once outward during each
cycle. Wen the apertures are fully i mvdfd-toward each other, they are
substantially out of alignnent so as to prevent |ight from passing - 10
- through the apertureskironAthehei ghti sfueaeht peddibrefivssR4hexiod) bers 24.

Li kew se, whe h u full r \ , the
are substan- ?Pélﬁgegg%ioégglﬁégﬁeﬁ% é%fgé&?ogo?%%e%%é??%ﬁ?&$ﬁ§%?§%ssingy
t hrough the afertipesmirsaferendfghi3seuree Xolf hebefrme 2Ure A1e%t bers 24.

However, as tbéaé??éfﬂégﬁ évéﬁttOW@hﬂseéﬁboéﬁbertiméﬂﬂﬁf&brtihﬁﬁrﬂDSi
Do EpbarstpRe bhe) b Pk B PRLES LY S AL PP TR ot o
' ry cell. To maintain good exposure contrel, it is im- '
portant to keep refresh time no more than 10y of expo-
sure time.

1. Exposure time for the RAM is exactly the
same as exposure time for film in a camera. In the
RAM, each exposure event is done with a "fresh" piece
of f£ilm which gets loaded in the read/refresh cycle.
Since there is no real mechanical "shutter"”, light is
always impinging on the RAM at varying intensities.
This scenario is like loading fresh sheet film into a
camera in open light. For this to work, the loading
time must be small compared to the overall eiposure
time. Now it becomes clear why the read/refreéh period
is kept to 10% of total exposure. If it is too long,
the uncertainty in exposure will be of concern. A 10
to 1 ratio was sélected to insure good linearity during
grey scale encoding.

m. To achieve maximum grey scale linearity,
frame reads are taken at.strategic points on the chop-
per aperture cycle. From O to 180 degrees, reads are
taken at 15, 23, 32, 41, 49, 58, 66 and 75 degrees.
From 180 to 360 degrees, reads are taken at 203, 212,
221, 229, 238, 246, 255 and 270 degrees. A total of 16
frame reads are taken. No frame reads are taken during
second and fourth aperture quadrants (91-180 degrees
and 271-360 degrees). This time is unsuitable for grey
scale scanning, because a refresh cycle is now mandato-
ry before every read since the light intensity is de-
creasing, not increasing. For two level B/W scanning
this is not a concern and scanning can be performed in

every quadrant as discussed below.



when' t hey al | ow t he maxi num amount of light to pass. As the apertures nove
‘further inward, they are still partially aligned, progressively allowng
|l ess light to pass until they-reach the point where they are ms- aligned

and will no-longer allowlight to pass- Tfus, this nmotion will generate two
maxi ma and two minima of Iight per cycle. Using angular degrees as.a refer-

ence, the mnima occur at 0 and 180 dgggees whil e the maxi nea occur at 90
and 270 degrees. Zero deBree FoTr g@fFRePEIeMNe 5a% dridSutdfar d noti on of
t he apertures. rIaa/usereéhaandmoWsmse aframgord Ardatel eifntprdtddyest fi ber

scanner inventi nsoés ghg ?hiesg [ e S .}ilcd(%;\saaqga )%nqtrﬁ:ec)reag in a

near - | i near faé ron ( he rec angular apertures docunent bei ng
scanned wil | beeducnmnaoedau reahetimedbadis IS marceasaany fearvicdid @t ance

fibers are 'OO&QQf%WtQ@ ﬁaalﬁ%n&awat fHe éﬂ&glceféfnb%fﬂlar&ddaeum hating
(for reasons expl al ned bel ow e reflected al ways_be bl ack at

dark angl es of eaﬁﬁwl‘éetﬂeb?%%sl‘f"ﬁ% PR U - 1%‘?%)‘*:%(?%1} 1°th & e%%axi mum
reflected |ighpifkl9Ponts 270pPfelimbrary Ndstagshd cddihdHicrring tex-evel
grey posure time) are interweaved within read frame scans
while final processing take place during quadrants 2
and 4. By buffering only one frame line of data at a
time, this technique is very hardware- efficient and
further reduces product cost. '

0. In one frame scan, the optical RAM
read/refresh sequence takes 405 microseconds and the
exposure sequence takes 135 microseconds. - By design,
this total of 540 microseconds will equate to 8.5 de~
grees of aperture motion. Also by design, one complete
aperture cycle will scan only one document line.
Therefore, this process will take 22.87 milliseconds to
scan one document line (360 degrees/8.5 X 540 usec).

p. The chopper aperture will be oscillating
at this same period of 22.87 milliseconds. This
equates to a frequency of 43.72 Hz. During scanning,
the document is fed through the scanner by a simple
drive mechanism, e.g. an asynchronous motor 19 (Fig.
1). This mechanism does not have to be synchronized to
chopper motion because line number information is al-
ways an integral part of the imaging data read. The
only restriction is that the document feed rate should
not be faster than 22.87 msec. per line.

qg. For 500 dots per inch (dpi), 300 lines
per inch (lpi), and 16 levels of grey scanning, the
scanner of this invent;on can scan a document at 6.86
seconds per inch (22.87 msec X 300). For an 8-1/2" X

11" document, scan time will be 75 seconds. At this



scal e écanning;possible. A pixel is defined as the smallest dot size that
:ccan be resolved. By design, when the rectangular apertures are fully open,

even dark |levels of grey will be illumnated brightly enough to be sensed
by the scanner. If it is not sensed, tft 9pixel bei ng scanned nmust be
pure black. Al shades of grey fromnear” black to pure white will .be sensed
somewhere al ong the chop- per illum nation ranp. The closer a shade is

sensed to 0 aespdotdeyr deyeldathisnglan) timpeimppEitdf maghi fasberpright is
that pixel. @nzhhen ?ttmhghawutamecloaseheamabﬁée t§d§9nsed to 90 or 270
degr ees (bright angles) |l ess reflective or dark is that pixel. The
tuning fork is placed eR@RPUET &, 4 REY LEVEL B/ yad)(Figure 5) that
has an el ectromag- netiac COEh144sWanéeQﬁén6d EE bH%Eaalhg thé| sameexcit -

ed by an el eCt“?, g%QLé%g f‘i’%‘\’;‘alsks?ﬂa'scixﬁhe&esoﬁg% hLPAUEPEYL QF

sufficient ar?SI ork ~wi
aperture motion will still process 8 levels of grey but

it will now be for ONE complete scan line (not half).

By cutting the grey scale resolution by 50Y%, scan line
speed doubles. Chopper frequency is still at 43.72 Hz.
b. For 500 dpi, 300 1lpi and 8 level grey
scale scanning, this product can scan an 8-1/2" X 11"
page in 37.5 seconds. With 8 levels of scaling, news-
paper quality image scanning can still be achieved.

PRODUCT 3 (VARIABLE THRESHOLD B/W SCANNER)

a. This sequence is basically the same as
the 8-grey level B/W scanner. Chopper frequéncy is
still at 43.72 Hz. Instead of processing 8 levels of
grey in each half cycle, only 2 frame reads are pro-
cessed. These two reads, however, are done different-

ly. One read is taken when the light intensity is in-
creasing while the next is taken when the light inten-
sity is decreasing. These reads are all triggered by
the same light threshold. The exact point is defined
by an adjustment under user control. This "dial" is
like the brightness control found on a photocopying
machine. The higher the setting, the brighter the il-
lumination will have to be before a line scan is trig-
gered. With this adjustment, a black and white image
can be scanned to'emphasize light lines or it can be
adjusted to de-emphasize very bright lines. This fea-
ture is extreﬁely useful for opaque materials or poor
originals which existing scanners can not accommodate.
b. Since the. same level of illumination
occurs four times per aperture cycle, four line scan
reads can be done instead of two. To allow this to



forced intp constructive oscillation. The fork vibration will slowy build
up am plitude and stabilize (within 5 seconds) when the os- cillation ,
inertia equals the flexible resistance. Once stabilized, the magnetic coi
w Il push and pull on the fork and keep Jdg excited. In this state, the
chopper oscillates at its natural frequency and wll undergo an exact

di spl acenent. These two characteristics nmakes a chopper perfect for

preci sion |i gltiapiresty! gheodynihéceRAN m8hoof huberBe2Bearmedutdellofiash to

devi ce, and | £ i SR6iPo a2 tRAT| bPs it Er Vel eat 1880 d5 A 155 16 can al 20
be a CCD, a plexesuteddregrrdyeandwhhshprkghe| f1lyminatpont datihow the fiber
orients it- sehdeals@ngheragbi¥easihbacewnbnt BRedybani £sRAM gBEEaSREW! €d,
the orientatign of the fibers to the RANL ur - & ce can ever .change. As
Shown i n Fi guid 38¢ PRLYpSBPPFGARS] VALRELFner THRE( L8 EBEI TEISHTRE2 of the
dynam ¢ RAM i €eirlencet baklvgetdetbrpsheddattennimguaadt greyoscahe spaneal

ning.

In grey scale scanning, logic 1 arming is

done only once at the beginning of each series of

scans. Since light energy can only quicken charge de-

cay, grey scale scanning must be done during the in-

creasing light ramp of the chopper waveform. If this

was to be simulated during a decreasing light waveform,

all cells must be rewritten with a Logic 1 before each

frame read (starting'out with a strong light will guar-

antee that all cells are quickly discharged). This

overhead could be absorbed in variable thresﬂold scan-

ning since only four reads are necessary in eaéh aper-

ture cycle. In grey scale scanning, this overhead in

time can not be tolerated. _

c. For 500 dpi, 300 lpi, and variable

threshold B/W scanning, this product can scan an 8-1/2"

X 11" inch page in 18.7 seconds. Eight levels of

brightness are supported.

PRODUCT 4 (FIXED THRESHOLD B/W SCANNER)
a. In fixed threshold B/W scanning, the
illumination level is held constant while line scans

execute at full speed.  Since line numbers are scanned
into the system as part of normal imaging information,
the speed of document advance can be as fast as the
line scan rate. Like the other products, a line scan
is not performed until a new line number is sensed.
For even lower cost in drive hardware, the document
feed rate is designed to be 1/4 the line scan speed.
By holding this ratio, even velocity variations will



scanni ng elenment by passing a |ight source 88 housed in a housing 90 that
has a 0.0005" slit 92 in it over the ends 28a of receiving fibers 28 so
that ends 28a re- - 12 - receive the light emtted through the slit. As
the end of each fiber 28 is illumnated, its position on the dymanic RAMis
recorded in nenory, and a specific calz¥ukkess I's determ ned for a
particul ar el ement on the RAM for that fiber. The specific el enment sel ected
is typically hottbausenseanminghéifficultiéson This dfedtebhe isbereon the

. RAM chi p. Thu t 'n@gF S p. CL .l be
unscr anbl ed b§e¥h€80%npu £¥ é@ﬁ%?@?gﬂgg% o%% #%ggigﬂégdgégqﬁ%%ging 90 is
driven by a I®atdscrew 94 in turn driven by a notor 96. The dynani ¢ RAM

used is a | ow cost menogy i A€ok al fe ChEaN spbbdtof SsE@NSkéd yEiA® the
visible |ight gfectruqa Since the éi gEuééggrﬁeggergééeféIgééqgghing the
surface of thédtecyseed #ahtieE! suth® ,
: be 4 times slower or 2.16 msec/line. With 300 lines
per inch vertical resolution, the scan speed for a doc-
ument will be 684 msec/inch.
. c. For 500 dpi, 300 1lpi, and fixed thresh-
old B/W scanning, this product can scan an 8-1/2" X 11"
document in only 7.13 seconds (648 msec/in X 11 inches
= 7.13 seconds per page). This speed is believed to be
faster than any optical-based scanner product on the
market today.

d. For lowest possible cost, this product
will use a fixed aperture instead of a chopper. But on
advanced models using choppers, this high spéed mede is
supported. If chopper motion is stopped, it turns into
a fixed aperture and will offer the same performance.

PRODUCT 5 (PORTABLE SCANNER) |
a. Because of the simplicity of hardware

and electronics necessary to produce the above prod-
ucts, all of these models can be manufactured as a
light weight, compact size portable scanner that can
support business activities on the move.

b. A truly bortable B/W scanner wand with
imbedded memory and serial communications is also now
possible. In the normal mode, this scanner wand will
scan 8-1/2" page information into a computer from hard-
to-manage materials such as thick books or catalogs.
This capability exists in products today but are limit-
ed to only 4" of scan width and much lower resolution.
As a portable scanner, it can be used in places such as
a-libréry to store important information that can be
later retrieved and printed. Many professionals such
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optical image scattering, depth of field concerns, im age bloom ng, and -
Irmage pi xel overlap are either mni- mzed or conpletely elimnated.
Converting reflectance light information into a digital formw thout the
use of glass optics will keep distortionypo-a m ninmum Many existing
scanners can only realize 70% of their calcul ated resolution due to the
distortion problens nentioned above. In a |low cost dynamc RAMw th 256 X
256 |lines of r@soumwwams,ap&bﬂdbh@tsGBrSQGepoSbudentbIwbblaﬂﬁmdaﬁhbsin t he
RAM nenory arr oG8 1t f u : I fibers
for a 9 inch s%ghpoge?f ! Qgtg%lg%?igtesmgé ?ngﬁij? Sﬂ?c%%ﬁél%éléggn ly
necessary to u§§a415®éesen@@ﬁheF§#§ﬁ9§ aﬁmoanﬁﬁéhBﬁb°€¥stthq?mP%#%e of
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all ows the cross section of Ea%SXtOOZ i.nc ver

n ceH
el enents on t h®URAFES §°98e0 h@rfFB@FeFSQ?FuiﬁtﬁﬁafﬁEF $B%
surface, |ight coupling hatexeamplleecofi hepoatdbléescannetraie §Mammedﬂs i's

very effi- cienlyq, 40499254 Cqhl (RkeTe S cPhtbaPenBsRhUAE & dehy

scanner support 72a is made from a flexible material
and tapers at one end 72b to form a flexible lip. the
lip includes a curvature lock 73 that has two slideable
elements that can be extended or retracted relative to
one another to flex the flexible lip into a variety of
curvatures to conform to curved surfaees to be scanned.
For instance, the lip can be flexed to conform to the
curvature of pages in an opened book 75 (Figure 22).

PRODUCT 6 (COLOR SCANNER)
COLOR SCANNER: The three primary colors:
red, green and blue are scanned in succession with 16

levels of scaling for each color. From the "grey-
level” or intensity of each primary color, the true
pixel c¢olor can be digitized and recreated later with
standard color printer technology.

To accomplish this, the scanning technique is
basically the same as the l6~level grey scale product
described previously. The main difference lies in the
design of the chopper aperture blades. The front blade
100 (Figure 26) is the same with one rectangular slot
(not shown) in its center. The rear blade 102 (i.e.
that blade closer to the light source), however, has
three evenly spaced rectangular slots 104a-c. In each
slot -is mounted a different primary color filter. With
the 0 degree point as a reference, the order of the
color apertures will be red (104a), green (104b) and
blue (104c).



each f'i ber. ,Fewer than all and preferably one key RAM - 13 - cel

ektenent i'n this group (close to the fiber center) will be selected as the .
primary sensor(s) for each unique fiber. One advantage of using so small a
nunber (relatively) of sensor elenents is4hat signals fromthe renaining
el ements need not be processed. By reading and processing only signals
fromonly selected el enents, the speed of the scanning can be nmaxi m zed. A
dynam ¢ RAM i s an integr&aet decumehtcdinepwidlnge maogniiednomge c&dt s”. Each

cell is baSiCaEFéhip%%@%r?”Ebho%harzgt%h@EéQQecéﬂécéﬁgéﬁaQP e Sl B85 1 cal

switch (FET fiel ransi st or at can _connec IS capacitor to a
"sense |ine". Wby psasessin&hpasefhechpnret fiberesangesphd hiutrtel®ctrica

charges that nmggBhipbe BeeReBroup kBEnftAGadE3taBaghtrt &F B, sBOOFY-cell. If

the storage CaggggiorAQagongagggg gnag ﬁgf %gber read, it will take
135 microseconds to read 1,500 fibers. The equivalent
refresh time during the read process is now only 4.5
usec (135 usec / 30). Exposure time, however, will be
maintained at 135 microseconds. Each frame read now
takes 270 usec. (135 usec + 135usec). With 8.5 degrees
equalling 270 usec., the period to scan one primary
color is 11.435 milliseconds (360/8.5 X 270 usec.).
For three colors, the scan period of 34.305 millisec-
onds. This equateé to a chopper period of 34.305 msec.
or a fregquency of 29.14 Hertz.

Sixteen levels of resolution for each primary
color will yield a total of 4,096 (=16X16X165 color
tones. Three dynamic RAMS are used; one for each 3"
width of the document. The linear illumination fiber
bundle does not have to be altered. Three "front eng"
electronic packages are necessary to support the 3 RAM
sensors. Data processing, however, is accomplished
with only one set of hardware identical to that used in
other scanner models.

At 500 dpi, 300 lpi, and 4,096 color tones,
the color scanner product can scan at 10.29 seconds per
inch (34.305 msec X 300). For an 8-1/2" X 11" docu-
ment, the page scan time will be under 2 minutes (113.2
seconds). For lower resolution operation, 8 color lev-
els will produce up to 512 color tones with a page scan

. time of 56.6 seconds. With the apertures stationary,
. B/W scanning using green light can be performed in only
| 7.13 seconds per page.
' The chopper driver circuit is illustrated in
Figure 5. The circuit is basically a conventional
closed loop regenerative circuit that includes a high



Is defined.as LOJ C 0. If a charge exists, the nenory cell i$ defined as"a
EOG C 1. 'However, “dependi ng on the RAM device, this |ogic can be reversed.
Since the "charge" in a nmenory cell cannot be pernanently retained by the
storage capacitor (due to inherent semiggpnductor |eakages), a LOGJC 1 state
will "leak away" and be | ost unless the capacitor.is rou- tinely recharged
or "refreshed". This refresh process_senses the cha[ge in a mepory cell and
rewites a fr&8AnckgegbagkcRotht 8MPLiLERRV&PsePyling bﬁﬂeﬁ%??u%Elgéhas no
g_har%e i ndi t, ah'&leaﬁlgeﬁﬁ@ﬁhlfaéai' 981%hbe 1ralr1_akmoma|f.eciia«anhithse.dceﬁc.ixhpiisf_i<-e|€efA |v: n a

I scharged state., .For .S _rea._s I.S.deyic S_na "dynaym c .
To address a Sér#Fo&P&?“ﬁ%ﬁnFyfésggaF% ?ﬁégdy%aﬁ?%@ﬁaﬁfggF?%W%a%ﬂ?éss and a
col um addr esgafutavipgdaf Enedueraysthatctfokhesresensny predeemeyl by

exter- nal el @l kQRiGgCikbet 88 . SURRPLEERNE-T bE huBeses squiid syasklr ess
gode, decoderé&krcuééi |ngergalstou&pe RAngnl ,%Itpﬁé ear the state of " .
that nmenory c&PRY A6GHEO19§FTEES P Wiy PEPRRER AV nHe t FRRIREERTE cel | .
motion. Amplifier 46 includes an amplifier Z1 (a 1/4
TLO84 from Motorola) a 510k resistor R1 and two 2k re-
sistors R2 and R3. _
Limiting circuit 48 controls the amplitude of
the signal from amplifier 46 that is in turn amplified
by the follower circuit 50. Limiting circuit 48 in-
cludes two amplifiers Z2 and 23 {TLO84), resistors R4
and R5 (each of which is 10k}, a 10k variable resistor
RS’ and two diodes D1 and D2 (IN914 from Moto:ola).
The limiting circuit is output coupled to the
input of voltage follower circuit 50 that préduces a
square wave signal to drive coil 44 of éhopper-ﬁs.
Voltage follower circuit 50 includes an amplifier Z4
and two transistors Ql (a 2N222 f;om Motorola) and Q2
(a 2N4121 from Motorola), two 3.01k resistors R7 and

R
11
and D4 are IN 914 from Motorola. Between the phasing

and three 10k resistors R8’ Rg, and RlO‘ Diodes D3

of the feedback amplifier 46 and the wvoltage follower
circuit 50, a total phase shift of 360 degrees is
achieved. Thus, the output drive signal of voltage
follower circuit 50 will positively reinforce itself.
This circuit produces a very precise fregquen-
cy of operation since it is géverned primarily by the
natural resonant frequency of the chopper tuning fork.
Standard crystal oscillators (e.g. in watches, radios
etc.) work on similar principles, except a silicon
crystal is used instead of a mechanical tuning fork.
In the preferred embodiment (Figure 1), one
section of transmitting and receiving fibers is dedi-
cated to read a coded stripe 18 on the document drive



- 14 - By naturg of the dynam c RAM design, if a nenory cell is read, it is
automatically also re- freshed. In addition, if any menory cell "in a
particu- lar rowis read, every other menmory cell in that same rowis also
refreshed. A refresh for all rows nust pe performed every few mlliseconds
or information will be lost. It is inportant to note that if a nenory cell
Is only 60% charged (40% di scharged), a refresh cycle will inmmediately

. bring this chalgderadifBup (Theldosfonntatd cdy wanist IR A8ngiyeselthei s " ar med”

by putting a 'i?%ecrﬂiniﬂgro drt tﬁ'ﬁé”'? e to%%' Hihg Ts'&'a?m%ﬁ" Woll cggLnal |y

retain this information for n1II|secon S. This.is true only
if the cell i Sh&cadRIGd W e g’j’rﬂlaqqe IGogHEols iFaPLERgPERVARRE B¥m ory

cell, the enertgﬁg‘ sHpitghes | Iszbicé/\nﬁﬂls:reeﬁoalln@ah&gaon&t A% Epeopamel onal to

the light int n3|ty which ac- _cel erates .the d| har t he Ly
capaci tor. Tha st &5 B SR L HENEEEPEL Y, penchroniGed™ERe

image scanning process to the feedlng of the document
through the machine, so the complete document can be
scanned. Because of this, the document can even be
pulled through the scanner by hand. - Even where a me-
chanical document feeder is desired, the mechanism can
be simple .and inexpensive; a simple low cost synchro-
nous AC motor 19A (Fig.l) will suffice, for example.

A preferred method of making an optical scan-
ning element 12 is illustrated in Figures 6 - 16. Op~
tical (glass or plastic) fiber 54 (Figure 6) is wound
in a single layer 55 on a drum 56 that is rotated on a
motorized shaft 58. Then, plastic strips GO-are ad-
hered by fast cure, low viscosity adhesive 62 (Figs.
7-9) to the wound fiber 55 along the longitudinal axis
of drum 56 at locations 180 degrees apart from each
other around the circumference of the drum. As shown
in Figure 9, two diagonal slices 64a and 64b are made
with a knife 65 to release the wound fiber 55 from the
drum in two identical bundles 66a and 66b. Each bundle
66 is held in a bundled form by a strip 60, and each is
used for a separate optical scanning element 1l4.

A bundle 66 is placed in the bottom of a V-
shaped female die 68 with strip 60 facing up (Figure
10). A corresponding male die 70 is introduced into
the female die to form the bundle in the vicinity of
the strip 60 into a V-shape. Preferably, the dies are
-heated.to mold strip 60 into a V shape, thereby retain-
ing fibers 30 in that shape as well. For glass fibers,
the die will first fracture the fibers along the proper
line before the "V" bend is formed. Plastic (acrylic)
fibers will bend. The V-shaped bundle is placed in a



charge will  ;decay in the nenory cell. This decay can be as short as 10

m cr oseconds. By conparison, one read cycle into the dynamic RAMis mnuch
shorter and takes a maxi nmum of - 90 nanoseconds. The inportance of this ratio
wi |l soon becone clear. For definition,-aéri-crosecond is 1 mllionth of a
second while a nanosec- ond is 1 billionth of a second. SCANNER PRODUCT

FAM LY BASED ON_THI S | NVENTI P 1 (14- Y LEVEL B/ W SCANNER) Scan

sequence descripiFoh:rectan %’F?“%%g(‘i‘?éesq'é?("é‘&ni ' ] RP-opts T is

qui ckly | oaded pbtt 22|i4GQidIlddd sarcima tlse dbrshapedipsrgiome afhddles of 0 and

180 degr ees. b.bun érggebﬂgwge%ﬁnﬁg%§§?alyﬁndOM/segnent in the aperture
one on th

notion where a read process 1S € dynanmi ¢ RAM Si xteen such reads
will be performed for eackhe gndshéfpernd\28le of fikers SUmre @rth-on 15

B ered into colletts 32 (round) and 34 (rectangular) re-

spectively, and the colletts are mounted at either end
of a second mold 74 that has an open bottom in which
support 72 is positioned. As can be seen in Figures 11
and 12, the diagonal cuts made in releasing the wound
fibers from drum 56 facilitate gathering the fibers
into the colletts. The fibers progressively increase
in length as the distance from the collett into which
they must be gathered increases. This represents a
savings in material since little fiber need be trimmed
from the ends protruding from the colletts. A
polymeric resin is placed in mold 74, and the mold is
removed once the resin has solidified.

The portion 32 at the bottom of support 22 is
then removed (Figs. 3 and 13) to separate fibers 30
into transmitting fibers 24 and receiving fibers 28,
but to leave the first ends 24a and 28a in close prox-
imity. In the preferred embodiment, a plastic film 76
(Figs. 14-15) is laminated onto the bottom of support
22. Plastic film 76 increases the wearability of scan-
ner element 12, and it also allows good focus of the
transmitting and receiving fibers. The film allows
: each transmitting fiber 24 to shine on a spot 78 (Fig.
! 15) that is the same spot where the receiving fibers 28
are oriented toward to receive reflected light from
document 20. It is preferred that film 76 have a
\ thickness of about 0.002 inches. As shown in Figure
! : 16, the light source 26 and the RAM 16 are mounted as
described above after the protruding ends of the fibers
are cut and polished. The light source 26 is mounted
in a housing 27 with chopper 14, and RAM 16 is mounted
in a housing 17.



t he positive ‘sl ope portion of the chopper waveform As nention before,
there are two rising light ranps in.each chopper cycle (0-90 degrees and
180- 270 degrees). c. During the first increasing ranmp of light (0-90
degrees), eight franme reads will be taken. +n t he second ranp (180-270
degrees), another eight frame reads wi |1~ b2’ done. In total, 16 frane.reads
for 16 levels of grey will be executed every chopper cycle. d. By
definition of -design, thedn aditegnegiver conptanstiondofnwanl ogbigali ne scan

for odd grey |e%ta%b%nﬁle&eﬁeﬁtgd%lilQuQQEaﬂgalQnt§Q2§969n§48aﬁ&aﬁ§,reads

t akes care of the even re§ | evel s &% 4,6,8,18, 12,1 h16%. e.. During a

frame read perid@stepce@fatvo; paral I reiReof| hrahsmhttippspndbeavent s

are inter- tw nedi¢imgpibeels|, meadngie rekr e8hpfwiibershest ised. evRoy

exposes the memgey igellphotkiNbetheon EQLnalOLiohy pepokOCBshOLAZON
SCRAR €s ,g I bers” Al

resolu- tion, one 97 s ine regulr ) S 0" nanoseconds per
fiber, it will tareizdsonifiberscfls eacBoofxwbigh) isopusfenablyil . 093e

scan. Since refi@3Res in diameter. Every third fiber in row 98 is a
transmitting fiber 98a so that each transmitting fiber
98a (designated "a" in Figure 25) will illuminate the
area underneath two adjacent receiving fibers 98b (des-
ignated "b") as shown in Figure 25. This allows for
lower manufacturing cost, but nonetheless, can achieve
a 333 dpi resolution that can be scaled by conventional
software to the current industry standard 150 or 300
dpi resolution.

! A method of constructing the optical scanning
element of Figures 24 and 25 is illustrated in

Figures 27-34. A pair of fibers 98b from two gﬁpply
rolls 106, 108 are wound onto a drum 110 such that a
gap 112 (Figure 28) is left between pairs of fibers

; 88b.. Gap 112 is as wide as the diameter of a fiber.

; Then, a sheet (or separation laye%) of mylar 114

(Figure 29) is placed on drum 110 overlaying fibers

98b, except for an area 116 extending longitudinally of

; drum 110. Fiber 98a is then wound onto drum 110 such

that in ‘area 116, fiber 98a is wound into gaps 112.

In a groove 118 on area 116 on drum 110, a
thermoplastic strip 120 (Figures 29-30) is piaced
before fibers 98b are wound onto the drum. Aftér
fibers' 98b and 3%8a are wound onto the drum, a second
thermoplastic strip 122 (Figures 30-31) is placed
overlaying strip 120, and the two are heated so that
the thermoplastic material flows between the fibers to
create a unitary block .of material 124 (Figure 32).



s inherent <to the read process, all nenory cells are repeatedly refreshed
~during this 405 m croseconds peri- od. g. The dynamic RAM used (e.g. a
Mot orol a MCM 6665B or a M cron Technol ogy Mr4264) as the optical sensor has
a 64K X 1 structure (65,536 cells). Access t-0o nenory cells are through 256
row addresses and 256 col um addresses By entering a specific row and

col um address, one specific |1 65, 536, can be read or
witten into. This allowg&Fhéng ﬁ&% sg&e% ﬁ&4uﬁ88rt%3ﬁh°?F °%o be
accessed at ranttam 110 aéTbhomafhacwaqnﬁefBberssaeetbmmdlédusnto a

rectangul ar shane i Polialed s81ds Wl el LiLs ol hect Lo praihie 460 o

the dynam ¢ RAM di € an I'Xed I'n place ear ernetic Mr4264
ceram c pack- blopk 3@4.i sBlosk BG& Wﬁtﬁh?necv§pwh§ ak P¥€C$%M®We%FWTh|s i s

i[lustrated in Rify4rRA:15A13Rd a3@ngFi1gnee 128 &BO¥Erm two optical
scanning elements. Fibers 98a and 98b are bundled as
described previously on each scanning element 128
(Figure 34).

The scanner of the present invention can be
used in either facsimile or photocopy machines. As
schematically shown in Figure 17, the scanner of the
present invention can be used in a facsimile machine by
coupling the output of the scanner to a DRAM buffer
circuit 78 that converts the output of the scanner to a
digital form in a conventional fashion such that the
output can be transmitted by a modem 80 to a receiving
facsimile machine. ’

The facsimile machine of this invention is
also provided with a document feed system or roller 79,
a conventional thermal print system 81, all of which is
powered with a conventional bower supply 83.

_ The scanner of the present invention is used
in a photocopy machine as shown in Figure 18 in a
fashion similar to a facsimile machine -- by coupling
the output of the scanner to a DRAM buffer circuit 78a
that converts the output of the scanner to a digital
form in a conventional fashion such that the output can
be fed to a driver board of a conventional thermal
printer assembly 81a. '

While several embodiments of the current in-
vention have been shown, others will be apparent to
those of ordinary skill in the art. Such other
embodiments are within the scope of this invention un-
less the claims that follow expressly state otherwise.



t he cbnf.i guMe surface 16a of a dynam ic RAM-- the

~ Modtorola t““ﬁ? Is divid- ed into four DRAM areas, each of
“which is aboiiﬂm%‘\“““a“ y in size. Thus, there is roughly .0180 m®2 of
surface area'tiOtal anohg the four areas.29ccordingly, this area can
acconodate approximately 4,750 fibers (each of which is 0.002 mmin

di aneter).- As shown in Fig. 20, the receiving fibers are gathered into a
rectangul ar cdl C&&IM34 that is divided into quadrants corresponding in area
to the four DRAM areas on active surface 16a. The collett is then posi-
tioned in an alignnment quide'82 t hat has a rectangul ar sl eeve 84 adapted to
receive collett 34, andla fPEnGRLIGAL 3286 SFIPPET -t 5OBREFFAPIand al i gn
with the array 16. The asdeéwhlty sbargecured by applying cl ear epoxy to the
active surface 16a and th% gglg%hed ends of receiv- ing fibers 28, and
positioning them so thaf CRETPbérs are in close proximty to the active .
surface. i. The dynamac fR&RtdagTAYSs of lopidchlt iledish fdpett endsi o of 5

Egollutmhgg m{l 'fgg%%iihy £59BROFl bdr20Befi ekl shBs@B h' aYial sABpbliers
the second ends of said first fibers being disposed to
receive light emitted froﬁ said light source;

an array of light-sensitive elements;

a second array of optical fibers, first ends
of said second fibers being disposed in said support
adjacent the first ends of said first fibers; the sec-
ond ends of said first fibers being disposed in light-
transmitting relationship to said array of light;sensi-
five elements; '

means for moving an image relative.to said
support whereby light from said light source transmit-

‘ted from said first ends of said first fibers will re-
flect from the image, and the reflected light received
by said first ends of said second fibers and detected
by said array; and

' means for electronically sorting the informa-
tion received by said light-sensitive elements to re-
produce said image.

2. The optical scanner of claim 1 wherein
said first ends of said first fibers are arranged in a
first linear array, and said first ends of said second
fibers are arranged in a second linear array parallel

to said first linear array.

This Sheet Has Been Replaced
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fibers (roms) The NW ﬁiﬁgﬂ; di mensi ons are 2.176 nm X 11.008 nm Wth

4,500 fi berim‘“u i each covering the die, alnost the full "die
will be enc 002" dianeter fiber will bear a "foot- print"

over 14 menory cel I's (65 536/ 4500) on thgodie. The inner nost cell of each
fiber footprint will be chosen as the key sensor for that single fiber. j.
During the read/refrests.perigas, oméhnm:yn@:eldf véldihe2 rWHemsired at | east

30 tines (4,50Q nts/ 150, fi ber_ro acces 1 econds
(405usec/ 30= sf?"??s" ¢ beéﬂﬁeegter e?lcgsﬂlévfén nd c‘%éd f’%jtl?eo"[r?eogxge;rl ier, this
hi gh rate of emé:fertwd iig1 & d?quaa!elr:etsmmpmrteads to other nmenory cells in

the sane row. 17 k. At the end of each read/refresh period, the )

optical RAMw || be allowed to be exposed to |i {ﬁ{W 35 _ni cr oseconds
~ (13.5usec X 10) bef ore 4-he TR }etramee ST tine is

10 tinmes said first and second fibers embedded in said polymerlc
support form an acute angleu

5. The optical scanner of claim 2 wherein .
said two parallel arrays are no more than 0.07 mm from

one another.

6. The optical scanner of claim 1 wherein
said array of light-sensitive elements comprise a dy-
namic RAM.

. 7. The optical scanner of claim 6 wherein
said second ends of said second fibers are adhered di-
rectly to said dynamic RAM.

8. The optical scanner of claim 1 further
comprising chopper means between said light source and
said second ends of said first optical fibers.

9. The opticél scanner of claim 8 wherein
said opticél chopper includes oscillation means that
oscillates said chopper to wvary the intensity of the
light received by said first optical fibers.

10. The'optical scanner of claim 9 wherein
said optical chopper comprises a tuning fork having
apertures that pass into and out of alignment as said
fork oscillates, allowing light to pass through said
aﬁertures when said apertures are aligned, partially
through when said apertures are partially aligned,.and

-
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| ongér tha f tion (13.5 usec) of a meno- ry cell. To

mai-nt ai n gaﬂm@mﬁﬂﬂﬁﬂwol It isim portant to keep refresh. tinme no
nore than 1 - sure time. 1. Exposure tine for the RAMis exactly:
the sanme as exposure time for filmin a canera. In the RAM each exposure

event is done with a "fresh" piece of f+I3iwhich gets |oaded in-the

eadir et esh et 1ad) o0 e’ frdu yﬁgsglfﬁig VREHADLE! apsbLbLEL arbl O 1 S |

al ways inpin61ng onth t var g ensi ti es. s scenario is like
| oadi ng fres®uheft Fhignment- a canera in open Light. For ‘this to work, the
| oading time nust be small conpared to the overall exposure tinme. Now it

becones clear why the rgad/refresh Eertod I s _kept .to 10@69@ tﬁtal.exposure.
If it is too long, the thcert PHELR2LxPERERET WPF| CHRIBs IR KBEFRIPA 10 to
1 ratio was sslirvitathimg i fork chawoadt| Leaati tyodtineg gteyeastl enenodidi ng.

m - To achi ey I_num i n | ra eads at
strategic poisr?t%%qn%e %}‘g%qéégif&%t%%éﬁ%%%%f/%%é. g%r:%mgg fgi‘?Sgﬂégg%ees,
reads are apertures having a color filter disposed across it

whereby color scanning can be performed.

12. The optical scanner of claim 1 wherein
said first and second arrays of optical fibers comprise
a row of optical fibers, said fibers in said first ar- .
ray being located every third fiber in said row.

13. A method of making an optical scanning
element, comprising:

winding optical fiber onto a cylindrical

" drum;

adhering said fibers together;

removing said fibers ffom_said drum and mak-
ing at least one cut in said fibers;

positioning said fibers between V-shaped male
and female dies to form them into a V shape;

molding a polymeric support around said fi-
bers; and

removing a portion of said polymeric support
so as to cut the bottoms of said V-shaped fibers to
separate those fibers into transmitting and receiving
fibers.

14. The method of claim 13 that further in-
cludes adhering said fibers together by adhering a
polymeric strip to said fibers, and positioning said
polymeric strip along the bottom of said female die to

retain the V shaﬁe imparted by said dies.

i



—_—
taken at 15, 23, 32, 41, 49, '58, 66 and 75 degrees. From 180 to 360
degr ees, re,ﬂﬂ!ﬁﬂm’mﬁm”’ 203, 212, 221, 229, 238, 246, 255 and 270
degrees. A 't39Wa reads are taken. No frane reads are taken
during second and"“folirth dperture quad_ra3 ts (91-180 degrees and 271-360
degrees). This tinme is unsuitable for grey scal e scanning, because.a

refresh cycle is now nnﬁzlatfﬁ rxxeg_?ggrgfeé/f%ym rf‘fq” Sei:QaC'%t e Ieiagm__t
intensity is de- creasing, Not 1ncreasling. For vvolTeve B/ W scanni ng this
is not a concene Ahagerahndwly tarmade peo fxekaase rsaid fibarsdfaom as

di scussed bel gws3 qraml8 - n.  For each docunent scan line, 16

read/ refresh and exposure frames of data are processed (4,500 points X 16
frames = 72,000 data points). Data reduction on a real tinme basis is

necessary to avoid an ovérf|The aliethed)i o) caiim IFheHenwlatf dremstd | | reduce
the raw data {Qéodigaéngfec%gyai_eev&édé_or each of 4,500 '

17. The method of claim 13 wherein a trans-
lucent layer is applied to the ends of said transmit-
ting and receiving fibers.

18. The method of claim 17 wherein said

translucent layer comprises a glass slide.

19. A'facsmile machine comprising a scanner
of any one of claims 1-12, means for converting the
output of said scanner to a digital form, and means for
transmitting said digital signal by telephone.

20. A photocopy machine comprising a scanner
of any one of claims l- 12, means for processing
signals from said scanner into digital form, and

printer means for reproducing a scanned image.

21l. An optical scanning element for scanning
an image, comprising:

a light source;

a first array of plural optical fibers, first
ends of said first fibers being disposed distal to said
light source to illuminate at least a portion of said
image; the second ends of said first fibers being dis-
posed to receive light emitted from said light source;

an array of plural light-senéitive elements;

a second array of plural optical fibers,
first ends of said second fibers being disposed adja-
cent the first ends of said first fibers} each of the

second ends of said first fibers being disposed in

This Sheet Has Been Rei
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pi xel* points. Prelimnary data processing (during ex- posure tine) are

interwe (i rame scans while final processing take place
during amm“ﬂl!m”u"mm By.buffering only one frame line of data at a
time, this techni quesis* very hardware- ﬁ{ficient and further reduces
product cost. o. In one frame scan, 1 = optical RAM read/refresh sequence

takes 405 m croseconds and the exposure sequence takes 135 m croseconds. By
desi gn, this Laght-brananiktingstebabionfniPetRatt 1928t oRR-O%reR%d of

aperture noti @ighfl senbytiesi glemeRessoantiet e aperture cycle will scan only
one docunent |ine. Therefore, .this 22.87 mlliseconds to

grgcess 'il takg.
scan one docunent |ine P8BBSJEGFeBS §.§°§F%§% Vs ST PR dhber
aperture w || thenoseceiwtdngyasaidli 3ightesersibivefelém&rtsi td iseconds.

Thi s equat es 'égoguggeggggcilmgée%. 72 Hz. During scanning, the docunent is
fed through the scanner by a Srinple drive nechanism e.g. an asynchronous .

motor 19 (Fig. 1). This nechani smdoes not have to be synchronized to
chopper notion because ppne fiyagbgptiLhOr B8hhRING Se Bément of claim 21

wherein said first ends of said first fibers are ar-
ranged in a first linear array, and said first ends of
said second fibets are arranged in a second linear ar-
ray parallel to said first linear array.

'23. The optical scanning element of claim 22
wherein said first ends of said first and second fibers

are embedded in a polymeric support.

24. The optical scanning element of claim 23
wherein said first and second fibers embedded.in said

polymeric support form an acute angle.

25. The optical scanning element of claim 24
wherein said angle is between about 5 and 15 degrees.

26. The optical scanning element of claim 22
wherein said two parallel arrays are no more than 0.07 #

mm from one another.

27. The optical scanning element of claim 21
wherein said array of light-sensitive elements comprise

a dynamic RAM.

28. The optical scanning element of claim 27
wherein said second ends of said second fibers are ad-

hered directly to said dynamic RAM.

S
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ways-*ﬁh-i—m—egml__m the imagi ng data read. The only restricti on-is

it hat t docunent feed rate should not be faster than 22.87 nsec. per line.
q. F i H’ H,mu'unch (dpi), 300 lines per inch (Ipi), and 16 |evels
of greyy canner of this invention can scan a docunent at 6.86

seconds per inch (22 87 msec X 300). Fo 4a' 8-1/2" X 11" docunent,  scan

time will be 75 seconds this ev. can tine
is still nmuch faster th%\% a% ?h‘l’ 51%?/]@ ‘% ﬁéer&)%!aé ke{a Cilé i §ISPRCDUCT 2

(8- GREY LEVELthwmmmlamg q‘.‘twmp%name%re%]m@ee% wsdclmfytthe same as
the 16-grey |gyg {rcéféﬁééf@aﬂérsegaﬁcﬁl Sbf &¥ChLi O £ APSE tager et igin- Wi | |

still process 8 levels of grey but it will now be for ONE conpl ete scan
line (not hal P$¥sBy cutting the grey scale resolution by 50% scan line
speed doubl es. Chopper frequency is still at 43.72 Hz.

30. The optical scanning element of claim 29
wherein said optical chopper includes oscillation means
that oscillates said chopper to vary the intensity of
the light received by said first optical fibers.

31. The optical scanning element of claim 30
wherein said optical chopper comprises a tuning fork
having apertures that pass into and out of alignment as
said fork oscillates, allowing light to pass through
said apertures when said apertures are aligned, par-
tially.through when said apertures are partially
aligned, and preventing light from passing wﬁen said
apertures are out of alignment.

32. The optical scanning element of claim 31
wherein said tuning fork has at least two tines at
least one of said tines having plural apertures,. each
of said plural apertures having a color filter disposed

across it whereby color scanning can be performed.

33. The optical scanning element of claim 21
wherein said first and second arrays of optical fibers
comprise a row of optical fibers, said fibers in said
first array being located every third fiber in said
row.

34. The optical scanning element of claim 21
further including means for storing the information

received by said light-sensitive elements.

35. An optical scanning element for scanning

an image, comprising:

—_—
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: For 500 dpi, 300 Tpi and 8 level grey scale scanning, this product can
séan !mmj"”m# age in 37.5 seconds. Wth 8 levels of scaling, news-
pape l"ﬁannl ng can still be achieved. PRODUCT 3 (VAR ABLE
THRESHOLD BFWSCANNER) a.  This sequen@d is basically the same as the
8-grey level B/Wscanner. Chopper frequency is still at 43.72 Hz. l.nstead
of processing 8 levels qf 19u8% isRueaeh half cycle, only 2 frane reads are
pro- cessed. These two reads, however, are done different- . One read is
t aken when the |ight |nPe§§F§§ ASTPA- °§r8&§Fﬁé ﬂﬁtFéaﬂhélhéf?'|§lF§§en when
the light intefdsSbiey saaddﬁ&-e&stfagershbsen@eads;aaeedaahstamggeredlby t he

sane |ight th&esg | d. The xacﬁ g‘omtt ﬁ g an.adj %nentdunder
user control . “THPS STHEF* | % i Srlgh nes EORPFSF° 08 d®3h

phot ocopyi ng nmabemethEheehpgﬁeendBeogeEandgﬁlth@ fibghsebeihg dis-

| um nation wi b'olsQQV%o gee‘ao@f 9 ngh% E&nﬁ%t%ﬁa?.rbﬁ gaaa l%gﬁ@dsow Q this

adj ust nent , ack e can be scanne ast ze [T ght l'i nes
or it can be adjusted t@&ndaersayhasi pduraly lpgh§neenphtiveThismenhs;

a second array of plural optical fibers,
first ends of said second fibers being disposed adja-
cent the first ends of said first fibers; each of the
second ends of said first fibers being disposed in
light-transmitting relationship to at least one of said
light-sensitive elements;

a support of a moldable material that does
not transmit light molded around said first and second
arrays of optical fibers;

means for controlling the distance‘between an
image to be scanned, and the first ends of said first
and second fibers; and

means for electronically sorting the informa-
tion received by said light~sensitive elements to re-

produce said image.

36. The optical scanning element of claim 35
wherein said means for controlling the distance
comprises a transparent f£ilm between about 0.05 to 0.10
mm thick.

37. The optical scanning element of claim 36
wherein said means for controlling the distance
comprises a transparent film between about 0.05 to 0.06

mm thick.

38. The optical scanning element of claim 35
wherein said moldable material envelops.substantially

the entire lengths of said first and second fibers.
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ture is extrenely useful for opaque materials or poor originals which :
exi é':nlmlmﬂmrmu not acconmopdate. b. Since the sane | evel of
i um ﬂ"tmmur ti mes per aperture cycle, four line scan reads can .

be doné i fistkead* ofS two. To allowthis to -~ 20 - happen, the dynam c RAM
menory nust be rearned to logic 1's befer86each read. In this way, line
scans can be executed regardl ess whether the illumnation is in- creasing

or decreasing. Wen the N ies. b rl.00e OW. | |y i t

variable. This is the maisy o (GAGELLS Jotbdihd L ik orng?nlr?lqnmg 3nd
grey scal e scawhereig eachyredy said secendiengds |afjisnid sedong ifiheyme only
once at the be .}ﬂﬂ.j B 1IRAGEY S8 d1Bs- SnSCeive eiiegl%’dé e RBleReigan only
gui cken chargeq’I e- @ﬂ??féée_y scglde scanr?n ng nust be dore duri r}_% the in-
creasi ng |i ght anemelemenie igh Gjacted % rihe |§engqy for that fiber.

40. The optical scanning element of claim 35
wherein each of said second ends of said second fibers
overlays plural light-sensitive elements, and wherein
less than all of said overlaid elements are monitored
for that fiber during scanning.

-
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was t0 be sinul at.ed during a decreasing light waveform all cells nust be
rewitten with a Logic 1 before each franme read (starting out with a strong
light will guar- antee that all cells are quickly discharged). This

over head coul d be absorbed in variable threshold scan- ning since only four
reads are necessary in each aper- ture cycle. In grey scale scanning, this
overhead in tinme can not be tolerated. ¢37- For 500 dpi, 300 |pi, and

vari abl e threshold B/ Wscanning, this product can scan an 8-1/2" X 11" inch
page in 18.7 seconds. Eight |levels of brightness are supported. PRODUCT 4
(FI XED THRESHOLD B/ W SCANNER) a. In fixed threshold B/ Wscanning, the
ilTumnation level is held constant while line scans execute at full speed.
Since line nunbers are scanned into the s sten1as art of normal i maging

i nformation, the speed MORBESERR FIBUR MAGESCAMNNERS the |ine scan
rate. Like the other products, a |line scan |s not performed until a new

i ne nunABSTRAGENnsed. For even | ower cost in drive hardware, the docunent

An optical scanner (10) is disclosed that includes light transmitting and receiving
optical fibers (24, 28) to illuminate and scan an image to be copied, transmitted or stored.

Fig. 1

—_—
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ié?dx'rate._i.-s designed to be 1/4 the |ine scan speed. By holding-this ratio,
eve

n velocity variations wll - 21 - not cause scanning difficulties.
This feature'is the key to a truly portable scanner that could be hand
hel d. b. At a line scan speed of 540 usec/line (discussed earlier), the

docunent feed rate is set to be 4 tines élo%rl:’.or 2.16 nsec/line. Wth 300

| i nes per inch vert#&e&oi-u.t-i onthe scan’speed for a doc- unmenppM || be
684 msec/inch. c. FQL_E'ZIOE,_SKO_I pi ,

scanning, this pr scan an 8-1/2
seconds (648 nsec/in X 11 inches = 7.13 s

24

50.84

76
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mnll use a.fixed aperture instead of a chopper. But on advanced nodel s
Jisi ng choppers, this high speed node is supported. If chopper notion is
stopped, it turns into a fixed aperture and will offer the sane
performance. PRODUCT 5 ( PORTABLE SCANNER) a. Because of the sinplicity of
har dware and el ectroni cs necessary to produce t he above prod- ucts, all of
t hese nodel s can be nmanufactured as a |I? {3 wei ght, conpact size pOrtabIe
scanner that can support business activities on the nove. b. Atruly
portabl e B/ \Wscanner_wandswith i nbedded nmenory and serial comrunications is
al so nOMIpOSSLhUQ_%Ebﬁll acmal node, this scanner wand will scan 8-1/2"
page informatron tnto a cogputer from hard- to-nmana mat eri als such as

t hi ck books or catalogs Th*s capability exists in @oducts today but are
dimt- ed to only M dth and much | owet yﬁanuiinr. As a portable
scanner, it can bg used i pl fces such as a library to storg inportant
infornation that dan be later{retrieved and printed. Many pHofessionals

such
; _ Q
287 ' —24

280~ ~—244q
32 (A) . (B)

40b

38b




- 22 - as Il awyers, publishers or even students will find this a powerful
val ternative when a copying machine is not available. Wth current menory
technol ogy, this port- able Scanner wand can easily store many pages of
com pressed code of text or images for later reproduction. An exanple of a
portabl e scanner is shown in Figures 21-22. In the illustrated enbodi nent,
the scanner support 72a is made froma flexible material and tapers at one
end 72b to forma flexible lip. the lip incluMdgs a curvature | ock_73 that
has two slideable el ements that can be extended orgrefracted relative to |
one another to flex the flexible lip into a variet OL curvatures to
conformto curved surfaces to be scanned. For instance, the lip can be
flexed to conformto the curvature of pfiges in an opehed book 75 (Figure

22). PRODUCT 6 (COLCR SCANNT}% OR ¢
n
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| evel s of scaling for each color. Fromthe "grey- level"” or intensity -of
each primary color, the true pixel color can be digitized and recreated
llater with standard col or printer technology. To acconplish thi's, the
scanning technique is basically the same as the 16-1evel grey scal e product
described previously. The main difference lies in the design of the chopper-
aperture bl ades. The front blade 100 (Figureg,,26) is the sane with one
rectangul ar sl ot (not shgygﬁ;&z—%%&-c er. The rear blade 102 (i.e. that
bl ade closer to'the ligh d—/rokver, has three evenly spaced -
rectangul ar slots 104a-c. In each skat is nounted a different primary col or
filter. Wth the O degree poini-4s a reference, the order of the col or
apertures will be red (104a) s 104D) an®%\ ue (104c). - 23 -
docunent line wll Wiy Z. :

Each

865
6?0 6
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6o l] TTT—- r_
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64b
66a d
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*eacﬁ pri.mary calor. To increase the speed of the scan- ning process, the
srefl ectance fibers are split into 3 groups, each group scanning a 3"
segnent or 1,500 fi- bers. At- 90 nanoseconds per fiber read, it will take -
135 microseconds to read 1,500 fibers. The equivalent refresh time during
the read process is now only 4.5 usec (lﬁégsec [/ 30). Exposure tine,

however, wll by“-marrm aj 0135 mcro nds. Each franme read now t akes
270 usec. (13 §E§. “Wth 8.5 degrees equal ling 270 usec., the

period to scan one pri R\\ 11_.6%5 ][nl3l4| 38}%%5 ;ﬁ
AN 0 . i onds< <Fhi s

usec.). For three colors,
| 7 7or a frequency of 29. 1214s|ertz.
f

equates to a chopper pe e
Si xteen | evels of re rycolorvvill yield atotal o
4,096 (=16X16X16 A

w dth of the doc ’

to be alter 0T ER
support the 3 "u.-".‘c.;i'%\




with only ene:set of hardware identical to that used in other scanner.
‘nodel s. At 500 dpi, 300 | pi, and 4,096 col or tones, the color scanner
product .can scan at 10.29 seconds per inch (34.305 nsec X 300). For an
8-1/2" X 11" docu- nent, the page scan tine will be under 2 mnutes (113.2
seconds). For |ower resolution operation, 8 color.lev- els will produce up-.
to 512 color tones wth a page scan tine ofghG. 6 seconds. Wth the
apertures stationary, W TRQ USing green |ight can be perfor in
only 7.13 seconds per hopper driver circuit is illustrat in
Figure 5. The circuit |is basically a coQventional closed | oop regen tive
circuit that includesa high wz g 24 - gaig feedback coil anplifier®4®, a
limting circuit 48, 3 S A@?Iifi-
er 46 includes a feedq
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nal "having a frequency that is the resonant frequency of tuning fork 36.
Ampl ifier -46 produces a square wave that is 180 degrees out of phase with
the tuning fork notion. Anplifier 46 includes an anplifier [err] (a 1/4
TLO84 from Motorola) a 510k resistor [err] and two 2k re- sistors [err] and
[err]. Limting circuit 48 controls the anplitude of the signal from
anplifier 46 that is in turn anplified by the follower circuit 50. Limting
circuit 48 in- cludes two anplifiers [err] and [err] [err], resistors R4
and [err] (each of which is 10k), a 10k variable resistor [err], and two

di odes D1 and D2 (1 N914 from Motorol a). Th@”@initing circuit is output
coupled to the input of voltage follower circuit 50 that produces a square
wave signal to drive coil 44 of chopper 36. Voltage follower circuit 50

i ncl udes an anpl ige d—ane~fWo transistors [err] (a 2N222 froqﬁ%?torola)

and [err] (a 2N4121 from Motoroka), two 3.01k resistors [err] amgl@ err] and
three 10k resist?rs [err] and [er Diodes D3 and D4 are IN 9 rom

Mot or ol a. Between the pﬂ§§§d§ of the~keedback anplifier 46 and g'voltage
fol | ower E - = -
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cirphit 50; a.total phase shift of 360 degrees is achieved. Thus, the.

out put drive signal of voltage follower circuit 50 will positively
Feinforce itself. This circuit produces a very precise frequen- cy of
operation since it is governed primarily by the natural resonant frequency
of the chopper tuning fork. Standard crystal oscillators (e.g. in watches,
radios etc.) work on simlar principles, except a silicon crystal is used

i nstead of a nmechanical tuning fork. In the preferred enbodi ment (Figure
1), one section of transmtting and recei&18g fibers is dedi- cated to read
a coded stripe 18 on the docunent drive - 25 - platen 19B. The

i nformati on on stripe 18 gives the line nunbe%%g?:Lhe_naper 2zive bei ng
scanned. F0r7r_u.i_- T nnyglg, Wwhite bal ance NLLro | _I__SZ hrovi ded by
this stripe__stngééLﬁggﬁe i ng i s done at TﬂE‘SHﬂE‘%%%E as i mage

scanning, it inherently synchronizes the

]
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i mage scanning: process to the feeding of the document through the machine,
so the conpl ete docunent can be scanned. Because of this, the docunent can
even be pulled through the scanner by hand. Even where a me- chani cal
docunent feeder is desired, the nechanismcan be sinple and i nexpensive; a
sinple | ow cost synchro- nous AC notor 19A (Fig.1) wll suffice, for
exanple. A preferred nethod of nmeking an oprixal scan-
illustrated in Figures 6 - 16. Op- tical (glass or plaxﬁ<§§
(Figure 6) is wound in a single layer 55 on a drum 56 A R\
notorized shaft 58. Then, plastic strips 60 are ad-
viscosity adhesive 62 (Figs. 7-9) to the woundjfiber

around the circunference of the drum As sho®in Filgurd
slices 64a and 64b are nade with a knife 65 tolrel edse t})
fromthe drumin two identical bundles 66a a 66b.
in a bundled formby a strip 60, and each is ed fo
scanni ng el enegt—3<4-
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A Udndlq 66 is.placed in the bottomof a V- shaped female die 68 with-strip
60 facing up (Figure 10). A corresponding nale die 70 is introduced into
the fenale die to formthe bundle in the vicinity of the strip 60 into a
V-shape. Preferably, the dies are heated to nold strip 60 into a V shape,
thereby retain- ing fibers 30 in that shapgi1as well. For glass fibers, the
die wll first fr§z§E:EZFEE§;i al ong the proper line before the "V
bend is forned. | 1 grylc) =i bers will bend. The V-shaped bundle is
placed in a - 26 - first rectangular nold (not shown), and a polyneric
sup- port 72 is nolded around tHR8W.shaped region of the bundl e as shown in

Figure 11. The en 4b and fibg 30 are gath- ered into colletts
32 (round) and 34 s-@& ively, and the colletts are
nmounted at eithe e d ) mpl hat has an open bottomin which
S~
N
98a v k\\ -
H N ! //
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r éo"
J—71 [ 2O
. ‘°'b a b“b a b'”b a b“bl“'
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support 72 is positioned. As can be seen-in Figures 11 and 12, the di agonal
_cuts nmade i releasing the wound fibers fromdrum56 facilitate gathering
the fibers into the colletts. The fibers progressively increase in |ength
as the distance fromthe collett into which they nust be gathered

increases. This represents a savings Y? Z§5erial since little fiber need be
trimred fromthe ends protruding from % Colletts. A polyneric resinis '
placed in nmold 74, and the nold is renoved once the resin has solidified.
The portion 32 at the botg;?EQL;yulmut is then renmoved (Figs. 3 and 13)
to separate fibers 30 int iiuﬂﬂﬂd;7 Yhers 24 and receiving fibers 28,
but to | eave the first e 28a in close prox- imty. In the -
preferred enbodinent, a plastic film76 (Figs. 14-15) is |laninated onto the
bottom of supportiOB2. Plastic figgp 76 i ncreases the wearability of scan-

ner element 12, an{_it_also al L6éws good facus—gf the transnidtQ ng and
receiving fibers. /@ fi anspitting fibe 0 shine on a
spot 78 (Fig. 15 ' i bs

o 12 2
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aré'orienhe toward to receive reflected |ight fromdocunment 20. It is
-preferred tAat film 76 have a thickness of about 0.002 inches. As shown in
-Figure 16, the light source 26 and the RAM 16 are nounted as descri bed
above after the protruding ends of the fibers are cut” and polished. The

| ight source 26 is nmounted in a housing 27 wth chopper 14, and RAM 16 is.
nmounted in a housing 17. 27 An alternative construction of an opti cal
scanning elenent is illustrated in Figures, 24 and 25. Instead of two
parallel rows of transmtting and re- cei’ (Hﬁ fibers, a single row 98 of
fibers is used. Row 98 is separated between transmtting fibers 98a and

receiving fibers 982;2f:§§;££i§g? CQBQD pr ef er B2 i nches in dianeter.
Every third fiber i i Transmtting fi so that each
transmtting fiber 98a (designated "a" in Figug will illumnate the

0
/ .
/ / 120




area underneat h two adj acent receiving fibers 98b (des- ignated "b") as
shown in Fgure 25. This allows for |ower manufacturing cost, but
nonet hel ess, can achieve a 333 dpi resolution that can be scal ed by
conventional software to the current industry standard 150 or 300 dp
resolution. A method of constructing the optical scanning el enent of
Figures 24 and 25 is illustrated in Figures 27-34. A pair of fibers 98b
fromtwo supply rolls 106, 108 are wounﬁlpﬂ%o.a drum 110 such that a gap
112 (Figure 28) is left between pairs of fibers 98b. Gap 112 is as wi de as
the dianmeter of a fiber. Then, a sheet éor separation |layer) of nylar 114

(Figure 29) is placed on 10 er ing fibers 98b, except for an area
116 extendi ng | ongitudi m 110. Fi ber 98a is then wound onto drum
110 such that in area 116, fiber 98a is wound intg :4;/,%7% In a groove

/”/, 29-30) is

112an a;egrél6i02rgrun11;?é aohgergﬁpLa§”:-/77762%?W%¢/? her s an a
glre V\guﬁdfont oftﬁe drarsr;J a secondd %M%M/ﬁ%ﬁ%y// o8b and 98
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therrmpl astic StI‘J p.122 (Fi gures 30-31) is placed overlaying strip 120, and
the two are heated so that the thernoplastic materi agT“f‘{p\l\g"b%t'vyeg_n t"h_c

Tibers to create a unitary block of material 124 (F
fibers and sheet 114 are then cut fromdrum 110 as

Sheet 114 thus separates fibers 98a fromfibers 98b
124. Block 124 is then cut wi'th a precision saw | on
126 to formtwo optical scanning el enents. Fibers 9
as described previously on each scanning el enment 12

S | ;?85_»; Q‘I‘he Q J
Wil """*gu%r@“ss#w peged 4G
of] & é.'l}i’ 3381 ‘d’éng "
|"r‘ud H&1S |’ne‘ S
3%#&119% arusshpAdlte gagad .

B (Figure 34). %,IBGDEC 1997

present inventi of} i€ @
of the scanner to

scanner of the present inve eDATECSFREesdT .
phot ocopy machi nes. As schemsﬁ??@ﬁwgg The-stamer—of-—Hhe

of the prior m

According to one aspect of the present invention there is provided an optical
image scanper, comprising: a light source; a support; a first array of substantially
immobilized optical fibers, first ends of said first fibers being disposed in said support;
the second ends of eaid first fibers being disposed Whereby each second end concurrently
receives light from said light source; an array of light-sensitive elements; a second array
of substantially immobilized optical fibers, first ends of said second fibers being disposed
in said support adjacent the first ends of said first fibers whereby plural first ends of said
second fibers concurreuﬂy receive light from plural first fibers; the second ends of saxd
second fibers being disposed in light-transmitting relationship to said array of hght—
sensitive elements; means for moving an image relative to said support where whereby
light from said light source transmxtbd from said first ends of said first fibers will reflect
from the image, and the reflected light received by said first ends of said second fibers
and detected by said array; and means for electronically sorting the information received
by said light-sensitive elements to reproduce said image.

According to another aspect of the present invention there is provided an optical
image scanner, comprising: a light source; a support; a first array of optical fibers, first
ends of said first fibers being disposed in said support; the second ends of said first
fibers being disposed to receive light emitted from said light source; an array of light-
sensitive elements; a second array of optical fibers, first ends of said second fibers being
disposed in said support adjacent the first ends of said first fibers; the second ends of
said second fibers being disposed in light-transmitting relationship to said array of light-
sensitive elements; means for moving an image relative to said support whereby light
from said light source transmitted from said first ends of said first fibers will reflect
from the image, and the reflected light received by said first ends of said second fibers
and detected by said array; means for electronically sorting the lnformation received by

i is the 1eP!
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circuit 78 that converts the out put of the scanner to a-digital formin a
conventional fashion such that the output can be transmitted by a modem 80
to.a receiving facsim |l e ‘machine. The facsim|le machine of this invention
is al so provided with a docunent feed systemor roller 79, a conventional
thermal print system 81, all of which is powered with a conventional power
supply 83. The scanner of the present invention is used in a photocopy
machi ne as shown in Figure 18 in a fashién simlar to a facsim | e nmachine
-- by coupling the output of the scanner to a DRAM buffer circuit 78a that

AT S TN LR AT R S R
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being disposed between said light source and said second ends of said first optical fibers,
said optical chopper including oscillation means that oscillates said tuning fork to allow
and preclude light from passing through said apertures as said tines are oscillated,
whereby color scanning can be perforted.

According to still another aspect of the present invention there is provided an,
optical image scanner, comprising: al@htmmmmxanaumoﬂ;ﬁfhﬂ:mnurofopddn
fibers, first ends of said first fibers being disposed in said support; the second ends of
said first fibers being disposed to receive light emitted from said light source; an array of
light-sensitive elements; a second array of optical fibers, the first ends of said second
fibers being disposed in said support adjacent the first ends of sﬁd first fibers; the
second ends of said second fibers being disposed in light-transmitting relationship to said
array of light-sensitive elements; said first and second arrays of optical fibers comprising
a row of optical fibers, said fibers in said first array being located every third fiber in
said row; means for moving an image relative to said support whereby light from said
light source transmitted from said first ends of said first fibers will reflect from the
image, and the reflected light received by said first ends of said second fibers and
detected by said array; and means for electronically sorting the infémation received by
said light-sensitive elements to reproduce said image. '

) According to still another aspect of the present invention there is provided an
optical scanning element for scanning an image, comprising: a light source; a first array
of plural substantially immobilized optical fibers, first ends of said first fibers being
disposed distal to said light source to illuminate at least a portion of said image; the
second ends of said first fibers being disposed whereby each second end éoncurrenﬂ)’
receives light from said light source; an array of plural light-sensitive elements; a second
array of plural substantially immobilized optical fibers, flrét ends of said second fibers

This is the replacement sheet
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| CLAIM * 1. An optical imge scanner, conprising: a |ight
source; a support; a first array of optical fibers, first ends of said
first fibers being disposed in said support; the second ends of said first
fibers being disposed to receive light emtted fromsaid |ight source; an
array of light-sensitive elenents; a second array of optical fibers, first
ends of said second fibers being disposed in said support adjacent the
first ends of said first fibers; the seg: ond ends of said first fibers
bei ng disposed in light- transmtting relationship to said array of
light-sensi- tive elenents; neans for noving an inage relative to said
support wheeisigydispogask adjacent thefirst budgtof said first Gbérs auhereby plurat dirftronds ofgadd f i r st
ends of said first fibers wll re-_
second fibers concurrently receive light from plural first fibers; each of the second ends
of said second fibers being disposed in light-transmitting relationship to at least one of
said light-sensitive elements; and means for electronically sorting the information
received by said light-sensitive elements to reproduce said image.
According to still another aspect of the present invention there is provided an
optical scanning element for scanning an image, comprising: a light source; a first array
of plural optical fibers, first ends of said first fibers being disposed distal to said light
source to illuminate at least a portion of said image; the second ends of said first fibers
being disposed to receive light emitted from said light source; an array of phiral light-
sensitive elements; a second array of plura! optical fibers, first ends of said second fibers
being disposed adjacent the first ends of said first fibers; each of the second ends of said
second fibers being disposed in light-transmitting relationship to at least ome of said
light-sensitive elements; and means for electronically sorting the information received by
said light-sensitive elements to reproduce said image; and an optical chopper comprising,
a tuning fork with at least two times, at least one of said tines having plural apertures,
each of said plural apgrtures having a color filter disposed across it, said optical chopper .
being disposed between said light source and said secotxd ends of said first optical fibers,
said optical chopper including oscillation means that oscillates said tuning fork to allow
and preclude light from passing through said apertures as said tines are oscillating,
whereby color scanning can be performed,
) According to still another aspect of the present invention there is provided an
optical scanning element for scanning an image, comprising: a light source; a first array
of plural optical fibers, first ends of said first fibers being disposed distal to said lght
source to illuminate at least 8 portion of said image; the second ends of said first fibers
being disposed to receive light emitted from said light source; an array of plural light-
sensitive elements; a second array of plural optical fibers, first ends of said second fibers

being disposed adjacent the first ends of said first fibers: each of the second ends of said
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flect fromthe image, and the reflected |ight received by said first ends
of . sai d second fibers and detected by said array; and neans for
-electronlcally sorting the informa- tion received by said light-sensitive
el enents to re- produce said imge. 2. The optical scanner of claim1l
wherein said first ends of said first fibers are arranged in a first |inear
array, and said first ends of said second fibers are arranged in a second
|inear array parallel to said first |line@r array. 3. The optical
scanner of claim2 wherein said first ends of said first and second fibers

e T oS e T o i i S0 o e

forman aculligh@gfidifive Slemeks)CsalPfitsf fd SCGRFEay! lof GhitaMiberyA6hfiiding a row
of optical fibers, said fibers, in said first array being located every third fiber in said
row; and means for clectronically sorting the information received by said light-sensitive
clements to reproduce said image,

According to still another aspect of the present invention there is provided an
optical scanning element for scanning an image, comprising: a light source; a first array

- of plural optical fibers, first ends of said first fibers being disposed distal to said light
source to illuminate at least a portion of said image; the second ends of said first fibers
being disposed to receive light emitted from said light source; an array of plural light-
sensitive elements; a second array of blural optical fibers, first ends of said second fibers
being disposed adjacent the first ends of said first fibers; each of the second ends of said
secord fibers being disposed in light-trapsmitting relationship to at least one of siid
light-sensitive elements; a suppott of a moldable material that does not transmit light
molded around said first and second arrays of optical fibers; means for controlling the

- distance between an image to be scammed, and the first emls of said first and second
fibers; and means for electronically sorting the information received by said light-
sensitive elements to reproduce said image.

According to still another aspect of the present iiwention there i3 provided an
optical image scanner, comprising: a light source; a support; a first array of optical
fibers wherein each fiber in said first array is substantially immobilized with respect to
other fibers in said first array, first ends of said first fibers being disposed in said
support; the second ends of said first fibers being disposed whereby each such end
simultaneously receives light from said lighf source; an array of light-sensitive elements;
a second array of optical fibers wherein each fiber in said second array is ubstantially-
immobilized with- respect to other fibers in said second array, the first ends of said
second fibers being disposed in saxd support adjacent the first ends of said first ﬂbets

whereby plural first ends of said second fibers simultaneously receive light from plural
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said two parallel arrays are no nore than 0.07 nmfromone another. 6. The
optical scanner of claim1l wherein said array of light-sensitive elenents
conprise a dy- namic RAM 7. The optical scanner of claim®6 wherein said
second ends of said second fibers are adhered di- rectly to said dynam c
RAM 8. The optical scanner of claim1 further conprising chopper neans
bet ween said |ight source and said second ends of said first optical
fibers. 9. The optical scanner of claimMd8 wherein said optical chopper

i ncl udes oscillation nmeans that oscillates said chopper to vary the

ot Foat Lo orirkt" ek OBk B8 KB 0P Yaid Jeond sl BB m?é? Beiga 0 ng
fork havi ng rapgédshipe® ﬁmarrﬁ%%mfs&ﬁrﬁ@ggegﬂk nff wﬁéee c.-ﬁlawn{?@s&

oscillates, allowng |ight ard ape ures en sal
apertures arelaivd @nail support isachl tat! (Fhe abr sefeHnk? 3bifc @RdsikSramh Qaiddfidst al | y

al i gned, and
ends of said first fibets will reflect from the image, and the reflected light can be
received by said first ends of said second fibers and detected by said array; and means
for electronically sorting the information received by said light-sensitive elements to
reproduce said image.

According to still another aspect of the present invention there is provided an
optical image scanner, comprising: a light source; a support; a first array of optical
fibers wherein each fiber in said first array is restrained against substantial flexure, first
ends of said first fibers being disposed in éaid support; the second ends of said first
fibers being disposed whereby each such end simultaneously receives light from said
light source; an array of light-sensitive elements; 2 second array of optical fibers wherein
each fiber in said second array is restrained against substantial flexure, first ends of said
second fibers being disposed in said support adjacent the first ends of said first fibers
whereby plural first ends of said second fibers simuitaneously receive light from plural
first fibers; the second ends of said second fibers being disposed in light-transmitting
relationship to said array of light-sensitive elements, whereby an image can be moved
telative to said support such that light from safd light source transmitted from said first
ends of said first fibers will reflect from the image, and the reflected fight can be
received by said first ends of said second fibers and detected by said array; and means
for electronically sorting the information received by said light-sensitive elements to
reproduce said image,

According to’still another aspect of the present invention there is provided ah
optical scanning element for scanning an image, comprising: a ligilt source; a first array
of plural optical fibers, first ends of said first fibers being disposed distal to said light
source fo illuminate at least a porﬁon of said image; the second ends of said first {ibers
being disposed to concurrently receive light from said light source; an array of plural
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31 preventing light from passing when said apertures are out of alignnent.
11 The optical scanner of claim 10 wherein said tuning fork has at | east
two tines at |east one of said tines having plural apertures, each of said
plural apertures having a color filter disposed across it whereby ool or
scanni ng can be perforned. 12. The optical scanner of claim1l wherein said
first and second arrays of optical fibers conprise a row of optical fibers,
said fibers in said first ar- ray being#kocated every third fiber in said
row. 13. A nethod of nmking an optical scanning el enent, conprising:

O 19, 0P R R 3 S o oA A% 3 e i St
fibers being disposed adjacent the first ends of said first fibers whereby plural first ends
of said second _fibers conéurrently receive light from plural first fibers; each of the
second ends of said second fibers being flush to and in light-transmitting relationship to
at least one of said light-sensitive elements; and means for electronically sorting the
information receiveﬂ by said light-sensitive element to reproduce shid image.

The current invention is an optical image scanner that includes a light soutce, a
support, and a first array of optical fibers. First ends of the first fibers are disposed in
the support; the second ends of the first fibers are disposed to receive light emitted from
the light source. First ends of a second array of fibers are disposed in the support
adjacent the first ends of said first fibers. The second ends of the first fibers are
disposed in light-transmitting relationship to the array of light-sensitive elements. As an
image is moved relative to said support, light from the light source transmitied from said‘
first ends of said first fibers will reflect from the image, and the reflected light is
recetved by the first ends of the second fibers and detected by the array of Iight-sensiﬁve
clements, The information received by the light-sensitive elements is electronically
sorted to reproduce said image. '

For reasons sct forth below the present invention is an inexpensive, high-
f&soluﬁon optical scanner that can be constructed for B/W, grey scale, or color
reproduction. In addition, the optical scanner of this invention can be constructed to
scan documents exceeding 8.5 inches in widsh, in fact documents up to E size industrial
prinl_s can be scanned, The optical scanner of this inventién, therefore; can be used to
transmit or copy documents of a size and at a cost not possible before.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE ! is a perspective, exploded view of an optical image scanner of the
present invention;

PIGURE 2 is a detailed view of the operation of the fiber optics in the present

lnv'entlon; ' |
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i ng at least one cut in said fibers; positioning said fibers between

V-shaped—naJ—e—arnd_ienaLe_dl es to formthemlnto a V shape; nolding a

ort around sai bers; and renoving a portion of said
polyrrerum H&ﬂlﬁllﬂyy to cut the bottons of said V-shaped fibers to
separ at to transmtting and receiving fibers. 14. The
met hod of claim hat further in- cludes adhering said fibers together by

adhering a polyneric strip to said flbeﬂg, and positioning said polyneric
strip along the bottomof said female die to retain the V shape inparted by

sai d dies. 32 15. The nethod of clgqXeg wherein at |east one di agonal
cut is nade to release said fibers fromsard drum
1. An optical image scanner, comprising:

a light source;
‘a support;

a first array of substantinlly immobilized optical fibers, first ends of said first
fibers being dxsposed in said support; the second ends of said first fibers being dxsposed
whereby each second end concurrently receives light from said light source;

an array of light-sensitive elements;

a second array of substantially immobilized optical fibers, first ends of said
second fibers being disposed in said support adjacent the first ends of said first fibers
whereby plural first ends of said second fibers concurrently receive light from plural first
fibers; the sccond ends of said second fibers being disposed in light-transmitting
relationship to said array of light-sensitive elements; .

means for moving an image relative to said support where whereby light from
said light source transmitted from said first ends of said first fibers will reflect from the
image, and the reflected light received by said first ends of said second fibers and
detected by said array; and |

means for electronically sorting the information received by said light-sensitive
elements to reproduce said image.

2. The optical scanner of claim 1 wherein said first ends of said first fibers are
arranged in a first linear array, and said first ends of said second fibers arc arranged in a
second linear array parallel to said first linear array,

3. The optical scanner of claim 2 wherein said first ends of said first and second
fibers are embedded in a polymeric support.

4. The optical scanner of claim 3 wherein said first and second fibers embedded in
said polymeric support form an acute angle.

5. The optical scanner of claim 2 wherein said two parallel arrays are no more than

0.07 mm from one another,
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16. The method of claim 15 where at |east two diagonal cuts are nade. 17.
Thé method of craim I3 wherein a trans- lucent layer is applied to the ends
of sai ' ' nd receiving fibers. 18. The nethod of claim 17
wher ei ;““mmm"m:umﬂm | ayer conprises a glass slide. 19. A facsmle
machi ne *corprrsimg @« scanner of any one of clainms 1-12, neans for
converting the output of said scanner tQ.a digital form and neans for
transmtting said digital signal by tel ﬂhone. 20. A phot ocopy nachi ne
conprising a scanner of any one of clains 1- 12, means for processing
signal s frog sai drigcaptiRal sdaffic® ofl ddifnel wiRrell sdAid drry o light-sepsifite tl2ments
reproduci ng a scanned i mage. 21. An optical scanning elenent for scanning
an i nmage, coompriseiardynamiclRAML source; a first.array of plural optical

fibers, first ends of said first fibers being disposed distal to said |ight
source to i M uni nBiecopticall scagner of slaim iGowhesein Said second ends of said second fibers

are adhered directly to said dynamic RAM. e

8. The optical scanner of claim 1 further comprising chopper means between said
light source and said second ends of said first optical fibers. _
9. The optical scanner of claim 8 wherein said optical chopper includes oscillation

means that oscillates said chopper to vary the mtensuy of the light received by said first
optical fibers.

10. The optical scanner of claim 9 wherein said optical chopper comprises a tuning
fork having apertures that pass into and out of alignment as said fork oscillates, allowing
light to pass through said apertures when said apertures are aligned, partially through
when said apertures are partially aligned, and preventing light from passing when said

!  apertures are out of alignment,
11. An optical image scanner, comprising: '
a light source; !
a support;

a first array of optical fibers, first ends of said first fibers being disposed in said
support; the second ends of said first fibers being disposed to receive light emitted from
said light source;

an array of light-sensitive elemeﬁts; _

a second array of optical fibers, first ends of said second fibers being disposed
in said support adjacent the first ends of said first fibers; the second ends of said second
fibers. being disposed in light-transmitting rclationship to said array .of light-sensitive
elemeats;

means for moving an image relative to said support Whercby light from said
light source transmitted ,'from said first ends of sajd first fibers v)ili reflect from the'
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' of said first fibers being dis- posed to receive
| i ght ‘emi fromsaid light source; an array of plural light-sensitive
el enent s; lgﬁiﬂm ﬂMﬂﬂlﬂf plural optical fibers, first ends of said
second fi ¢ el ed adja- cent the first ends of said first
fibers; each of the sécofid ends of said first fibers being disposed in
33 light-transmtting relationship to at |east one of said |light-sensitive
el ements; and means for electronically 8brting the infornma- tion received
by said light-sensitive elenents to re- produce said i mge. 22. The opti cal
scanni ng el t A = Ly Oenfd ; hlhdf ¢ gbers
are ar- rang%%g'l ﬁmaﬂﬁ rst i r* atra '%F?’S‘;,q""gsﬁgf glgsli i ?fs?&%fﬁés&gf ﬁssitls dafngecond

fibers are gégéchfdsaidarfaysecond_ linear ar- ray parallel to said fi r'st
| i near array.

I mage; t

means for electronically sorting the information received by said light-sensitive
elements to reproduce said image; and

an optical chopper comprising, a turing fork with at least two times, at least one
of said tines having plural apertures, each of said plural apertures having a color filter
disposed across it, said optical chopper being disposed between said light source and said
second ends of said first optical fibers, said optical chopper including oscillation means
that oscillates said tuning fork to allow and preciude light from passing through said
apertures as said tines are oscillated, whereby color scanning can be performed.
12. A facsimile machine comprising a scanner of claim 11, means for converting the
output of said scanner to a digital form, and means for transmitting said digital signal by
telephone. .- . N
13. A photocopy machine comprising a scanner of claim 11, means for pracessing
signals from said scanner into digital form, and printer means for reproducing a scanned

image.

14, An, optical image scanner, comprising:
a light source;
a support;

a first array of optical fibers, first ends of said first fibers being disposed in said
support; the second ends of said first fibers being disposed to receive light emitted from
said light source; o

an array of light-sensitive elements;

a second arcay of optical fibers, the first ends of said ‘second fibers being
disposed in said support adjacent the first ends of said first fibers; the second ends of
said second fibers being disposed in light-transmitting relationship to said array of light-
sensitive elements; said first and second arrays of optical fibers comprising a row of
optical fibers, said fibers in said first array being located every third fiber in said row;
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23. The optical scanning el enent of claim22 wherein said first ends of
said fi rst and second fibers are enbedded in a polyneric support. 24. The
opti cal f claim23 wherein said first and second fibers
enbedded Hm ﬁ ‘m@ﬂm support forman acute angle. 25. The opti cal
scanni ng etrenent. Om chkal ¥l 24 wherein said angle is between about 5 and 15
degrees. 26. The optical scanning el enent of claim22 wherein said tyo

parall el arrays are no nore than 0.07 nm3rom one another. 27. The opti cal
scanni ng el enent of cI ai m 21 wherei n said array of light-sensiti ve eI enent s

conprise a dynamc The optical, scanni el e | ai
wher ei n sai d. seconﬂe‘gﬁo@r (ﬂovglcgl P imags glanye i ?“gﬁ %E&Wé&édlg tr Qf?lswdt 0
sai d dynam ¢;BiMource hsmitted from said fist ends of said first fibers will reflect from the

image, and the reflected light received by said first ends of said second fibers and
detected by said array; and | | _

means for electronically sorting the information received by said light-sensitive
elements to reproduce said image.

15. A facsimile machine comprising a scanner of any one of claims 1-14, means for

converting the output of said scanner to a digital form, and means for transmitting said

digital signal by telephone.

16, A photocopy machine comprising a scanner of any one of claims 1-14, means

for processing signals from said scanner into digital form, and printer means for
* reproducing a scanned image. | _

17. = A facsimile machine comprising a scanner of claim 14, means for converting the

output of said scanner to a digital form, and means for transmitting saic_l digital signal by

felcphone. _

18. A photocopy machine comprising a scanner of claim 14, means for processing

signals from said scanner into digital form, and printer means for reproducing a scanned

image,

19.  An optical scanning element for scanning an image, comprising:

a light source; .

a first array of plural substantially immobilized optical fibers, first ends of said
first fibers being disposed distal to said light source to illuminate at least a portion of
said image; the seconc; ends of said first fibers being disposed whereby each second en(.l
concurrently receives light from said light source; |

an array of plural light-sensitive elements;

a second array of plural substantially immobilized optical fibers, first ends of
said second fibers being disposed adjacent the first ends of said first ﬁbers whereby

plural first ends of saxd second fxbers concurrently teceive light from pluml first fibers;
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. means bet 4 _|light source and said second ends of said first optical *
fi- bers. m H"THE llscanni ng el ement of claim?29 wherein said optical
chopper i A on neans that oscillates said chopper to vary the

intensity of the light received by said first optical fibers. 31. The
optical scanning elenent of claim30 wherein said optical chopper conprises
a tuning fork having apertures that pass¥3 nto and out of alignment as said
fork oscillates, allowing light to pass through said apertures when said

| i s d 0 all h A wh . d :
aper{ures o1 GlgroRE oo okt 1 ke MRl 5008 Y ol HhRSE BB o
are out of a“f{%‘?ﬁ"‘%ﬁ’tsma“??‘fmm of Bid ﬁ?lkt-sﬁ&ﬁﬂg'eﬂ:ﬂleﬁﬂs;e{mm of cl'aim 31 wherein

sai d tuning east two trnes at |east one of said tines having
pl ural apertures, nfaafcfeletbmicillyorlingaBe iiforirRon fi¢ckived By e4ill Qighf-senkitive
di sposed across it whereby col or scanning can be perforned.

elements to reproduce said image.

20. The optical scanning element of claim 19 wherein said first ends of said first

fibers ate arranged in a first linear array, and said first ends of said second fibers are

29. The optical—seanni-ng-elenent of claim?21 further conprising chopper

arranged in a second linear array parallel to said first linear atray.

21. The optical scanning element of claim 20 wherein said first ends of said ﬁx"St |
and second fibers are embedded in a polymeric support.

22. The optical scanning element of claim 21 wherein said f{irst and second fibers
embedded in said polymeric support form an acute angle, _

23. The optical scanning element of claim 22 wherein said angle is between about 5
and 15 degrees. | - _

24.  The optical scanning element of claim 20 wherein said two parallel arrays are
no more than 0.07 mm from one another. |
25. The optical scanni:ig element of claim 19 wherein said array of light-sensitive
clements comprise a dynamic RAM.

26. The optical scanning element of claim 25 wherein said second ends of said
second fibers are adhered directly to said dynamic RAM.

27.  The optical scanning clement of claim 19 further comprising chopper meank
between said light source and said second ends of said first optical fibers.

28.  The optical scanning element of claim 27 wherein said optical chopper includes
oscillation means that oscillates said chopper to vary the intensity of the light received by
said first optical fibers. ' _ .
29. The optical scanning clement of claim 28 wherein said optical chopper
comprises a tuning fork having apertures that pass into and out of alignment as said fork
oscillates, allowing light to pass through said apertures when said apertures are aligned,
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33. Themmemnt of claim 21 wherein said first and second
~arrays of fibers conprise a row of optical fibers, said fibers in
sai d f|r !“&Ei ﬂﬂ!‘“"’cated every third fiber in said row 34. The
optical sea of claim 21 further including neans for storing
the information received by said light-sensitive elenents. 35. An optical

scanni ng el enent for scanning an i nmage, conpri sing: 35 a light source; a
first array of plural optical fibers, fidst ends of said first fibers being
di sposed distal to said |ight source toillumnate at | east a portion of

Cecei ve I Ry FBE SARR o A ok bpcbaly Ut 8 x%r%f*ﬁé’ Jjgh
i ght - sensi thhaengShSaidSipertures are out of alignment,
30. The optical scanning element of claim 19 further including means for storing the

information received by said light-sensitive clements.
31, An optical scannmg element for scanning an image, comprising:

a light source;

a first atray of plural optical fibers, first ends of said first fibers being disposed
distal to said light source to illuminﬁte at least a portion of said image; the second ends
of said first fibers being disposed to receive light cmitted from said light source; |

an array of plural light-sensitivé elements; ‘

. a second array of plural optical fibers, first ends of said second fibers being
disposgd adjacent the first ends of said first fibers; each of the second ends of said
second fibers being disposed in light-transmitting relationship to at least one of said
light-gensitive elements; and

means for electronically sorting the information received by said light-sensitive
elements to reproduce said image; and

an optical chopper comprising, a taning fork with at least two times, at least one
of said tines having plural apertures, each of said phiral apertures having a color filter
disposed actoss it, said optical chopper being disposed between said light source and said
second ends of said first optical fibers, said optical chopper including oscillation means
that oscillates said tuning fork to allow and preclude light from passing through said
apertures as said tines are oscillating, whereby color scanning can be performed.

32. An optical scanning element for scanning an image, comprising:

‘a light source;

a first array of plural optical fibers, first ends of said first fibers being disposed
distal to said light source to illuminate at least a portion of said image; the second ends
of said first fibers being disposed to receive light emitted from said light source;

an array of plural light-sensitive elements; .
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a second array of plural optical fibers, first ends of said second fibers
: be|ng_ngstedmad+a—Feeﬂ% the first ends of said first fibers; each of the
second ends of said flrﬂt fibers being disposed in light-transmtting

rel atlommmwﬂ “ HH! one of said light-sensitive el ements; a support of
. a nol da

. does not transmt |ight nolded around said first

- and secorid rrays of optical fibers; neans for controlling the distance

bet ween an i mage to be scanned, and the fbrst ends of said first and second
fi bers; and means for electronically sorting the informa- tion received by

SNt oot U T A o A 8 S B, Shone e el
g St ance COTHGhAEE LERGE B8k ok ACHUE RSO o B il cny g
control ling gd@ndliffbb@NGelng - disposed in light-transmitting relationship to at least one of sgid
light-sensitive elements; said first and second arrays of optical fibers comprising a row
of optical fibers, said fibers, in'said first array being located every third fiber in said
row; and '

mezns for electronically sorting the information received by said light-sensitive
elements to reproduce said image.

33. An optical scanning element for scanning an image, comprising:

a light source;

a first array of phural optical fibers, first ends of said first fibers being disposed
distal to said light source to illuminate at least a portion of said image; the second ends
of said first fibers being disposed to recejve light emitted from said light source;

an array of plural light-sensitive elements; _

- g second arr;ly- of plural optical fibers, first ends of said second fibers bem'g
disposed adjacent the first ends of said first fibers; each of the second ends of said
second fibers being disposed in light-transmitting relationship to at least onc of said
light-sensitive elements;

a support of a moldable matexial that does not transmit light molded around said
first and second arrays of optical fibers;

means for controlling the distance between an image to be scanned, and the first
ends_ of said first and second fibers; and

means for electronically sorting the information received by said light-sensitive
elements to reproduce said image.

34, The optical scanning element of claim 33 wherein said means for controlling the
distance comprises a transparent film between about 0.05 to0 0.10 mm thick. -
35. The optical scanning element of claim 34 wherein said means for controlling the
distance comprises a transparent film between about 0.05 to 0.06 mun thick.
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conprises a transparent film between about 0.05 to 0.06 nmthick. 38. The

~optical SMM claim35 wherein said nol dable nateri al

envel ops the entire lengths of said first and second fi bers.
36 39. T m# g el ement of claim 35 wherein each of said second
csec

. ends of sai s overlays plural light-sensitive elenents, and
- wherein one el enent |s selected as the sensor for that fiber. 40. The

optical scanning el ement of claim 35 whe?®in each of said second ends of
sai d second fibers overlays plural light-sensitive elenments, and whgrein

| ess than aldg, of gk dogtiélr kathding! GaHReM: SofeEISn ™88 VRS dafd nidiﬁblef inta@drisflur i ng
) car.l e envelops substantially the entire lengths of said first and second flbers.

37. The optical scanning element of clai_m 33 wherein each of said second ends of

said second fibers overlays plural light-sensitive elements, and wherein one element is

selected as the sensor for that fiber.

38.  The optical scanning element of claim 33 wherein each of said second ends of

- said second ﬁbers overlays plural light-sensitive elements, and wherein less than all of

said overlaid elements are monitored for that fiber during scanning,

39. An optical image scanner, comprising:

a light source;

a support;

a first array -of optical fibers wherein each fiber in said first array 'is
substantially immobilized with respect to other fibers in said first array, first ends of said
first fibers being disposed in said support; the second ends of said first fibers being
disposed whereby each such end simuitaneously receives light from said light source;

an array of light-sensitive elements;

a second array of optical fibers wherein each fiber in said second array is
substantially immobilized with respect to other fibers in said second array, the first ends
of said second fibers being disposed in said support adjacent the first ends of sald first
fibers whereby plural first ends of said second fibers simultaneously receive light from
plural first fibers; the second ends of said second fibers being disposed in light-
transmitting relationship to said array of light-sensitive elements, whereby an image can
be moved relative to aid support such that light from said light source transeitted from
said first ends of said first fibers will reflect from the image, and the reflected light can'
be received by said first ends of said second fibers and detected by said array; and

means for electronically sorting the information received by said light-sensitive

- . elements to reproduce said image. '

40. An optical image scanner, cdm rising:
P 6 . This is the replacement sheet
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a light source;

a support; _ _

_ a first array of optical fibers wherein each fiber in said first array is restrained
against substantial flexure, first ends of said first fibers being disposed in said support;
the second ends of said first fibers being disposed whereby each such end simultaneously
receives iight from said light source;

an array of light-sensitive elerhents;

a second array of optical fibers wherein each fiber in said second array is
restrained against substantial flexure, first ends of said second fibers being disposed in
said support adjacent the first ends of said first fibers whereby plural first ends of said
second fibers simultaneously receive light from plural first fibers; the mond ends of
said second fibers being disposed in light-transmitting relationship to said array of light-
sensitive elements, whereby an image can be moved relative to eaid support such that
light from said light source transmitted from said first ends of said first fibers will reflect
from the image, and the reflected light can be received by said first eads of said second
fibers and detected by said array; and

means for electronically sorting the information received by said light-sensitive
elements to reproduce said image,

41, An optical scanning element for scanning an image, comprising:

a light souri:e; ‘ | _

a first array o}‘ plural optical fibers, first ends of said first fibers being disposeé
distal to said light source to illuminate at least a portion of said image;- the second cnds
of said first fibers being disposed to concurrently receive light from said light source;
an array of plural light-sensitive elements;

a second array of plural optical fibers, first ends of said second fibers being
disposed adjacent the first ends of said first fibers whereby plural first ends of said

~ second fibers concurrently receive light from plural ficst fibers; each of the second ends

This is the replacement sheet
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of said second fibers being flush to and in light-transmitting relationship to at lcast one
of said light-sensitive elements: and |

means for clectronically sorting the information received by said light-sensitive
element to reproduce said hnagc-. |

This is the replacement sheet
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MODULATED FIBER OPTIC IMAGE SCANNER

ABSTRACT
An optical scan is di
ner (10) is disclosed that includes light transmitting and receivi
siving

wﬁcal ﬁ i i cop

stored.
Fig. 1 :
'
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