1 ' ’ 2243235 FI NGERPRI NT SENSOR. This invention rel ates

to a fingerprint recording apparatus and in particular to apparatus in

which the representations of the human fingerprint are faithfully - r
reproduced in the formof electrical or nmagnetic signals which are then
recorded in relation to the positions frdm whi ch they are generé?éa 2-3555
According to the invention there is provided a fingerprint sensor

conprising an array of individually actuable sensing cells, the cells each
havi ng di screte force sensitive swi t ch neans actuated by the presence or
absence of contact of the respective cdMCEFRETFENRRFprint epi der mal

ridge to produce output signal s_representative of those sensing cells

whi ch have been actuated.. In the first application a thin plastic sheet.

upon which platel ets of nmetal have been deposited, is placed above a matrix
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pattern. The resulting electrical signal 'is then latched into a shift

register fromwhere it may be stored or nanipulated by a mcroprocesor. |,n
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poles within the

In the first application a thin plastic sheet, upon which
platelets of metal have been deposited, is placed above a
matrix construction of fine conductors.Current is applied to
either the rows oz columns of the matrix and connection '
between the rows and columns takes place when a platelet is
caused to bridge the gap (see Fig 1) between the contact pads.
This occurs on contact with a2 human finger when the plastic
sheet is deformed by the ridges of skin forminag the
'fingerprint' pattern.The resulting electrical signal is then
latched into a shift register from where it may be stored or
manipulated by a microprocesor.

In the second (preferred) application the platelets deposited
upon the underside of the plaztic sheet, comprise a resin
"containing fexrous oxide (ozr thev may be made from permslloyv
or other easily magnetisable matezriall.When the thin plastic
sheet is placed on a flat surface (glass)! and subiected tc a
uniform magnetic field, generated by an electromagnet held at
a discrete distance from the surface of the platelets, whilst
a fingertip is pressed upon it.(See FIG 3) the platelets
become magnetised, only where the ridges of skin forming the
'fingerprint' pattern have made contact with the thin plsstic
sheet . This generstes a pattern of magnetic poles within the
platelets representative of the fingezrprint, in which ferm it
may be read by an electromagnetic recording head (see FIG 3)
and subsecuently manipulated by a microprocessor.
Alternatively, the magnetic 'image' may be transferred oz
induced into the upper lavers of a2 magnetic 'bubble
. memory'using an induction coil (SEE FIG 4). Bubble memcx
are well understood and have been in production for many
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pl atel ets: representative of the fingerprint, in which formit nay be read
by an el ectromagnetic recording head (see FIG 3) and’ subsequently o
nanlpulated by a microprocessor. Alternatively.. the. magnetic i mage’ may -
be tra@sferred or induced into the uppé& -l avers of a nagnetic 'bubble
menory' using an induction coil (SEE FIG 4). Bubble nenories are well
under st ood and have been in production for manv vears ~and the status of
magnetic donmains within the magnetic garnet is easy to determ ne using
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In 81l cthexr respects the sensor construction remainz.

substantially the same.
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platel et. Under the conbined action of applied pressure and distortion of
the platelet as in FIG5 above the pol y(sul phur -nitride coating may be used
as a switch or barrier.. allowing the flow of current to:be -controlled at
t he sensor contact pad.ln or der todgpt|n1se t he ‘order of signal generatgd
the 'bridge' of plastic is designed?to be at or close to its crippling 1oad
(see EULER s theory of struts) so that nechanical novenent of the 'bridge

t akes place on contact.This condition applies _to both configurations where
pi ezo-el ectrical- and Poly(silver nitride are used. Fingerprint records were
first introduced in the United Kingdomin 1901. Using ink, an inpressi-on of
‘the fingerprint ridge pattern was recorded on paper. Conparison of two
fingerprint sanples was then made visually .. In 1978 Wgstein and Rafferty
in a study. for the FBI showed that rapid matching of fingerprint
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WLQ refo Son pape parison of two
fingerprint samples was then made visually . In 1978 Wegstein
and Rafferty in a study for the FBI showed that rapid matching
of fingerprint impressions could be carried out by locating
the endinas and bifurcations of the ridges which comprise the
f1naeror=nt pattexn.The proceedure changed little until
recently when a number of sources exnressed an interest in
Automatic Fingerprint Recognition systems.Most systems rely on
optical methods., making use of an image oresented on the face
of transparent material which is subseguently scanned and then
recorded.Mcet 0f the systems reduced to practice have been
slow, cumbexrsome and expensive. Additionzlly, because of the
nature of technolocies ‘used the recorded impressions lack

" guality of éetail which comol'cate= the nrocesq of positive : 'i-)
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Three dimenzional studies of the fingerprint profile reveals
that the amplitude or distance between the tip of a ridge and
the bottom of & trouch is typically about ‘12 microns and the
pitch from ridge to ridge tyvpically 400 microns. For this
reason a sensor of the type described herein must have a cell
resolution of 100 microns or greater and be caoab’e of
switching within a distance of 6 microns.

According to the present invention a means of recexding
fingerprint data is provided with the constzruction shown in
FIG 1. 2 very thin sheet of polvethelene terphthate (FIG la}
which has been coated with metal platelets is held separated
from & rigicd substrate (FIG 1b) which supports a series of
£fine conducting electrcdes (FIG lc).When a human finger is

cressed onto the plastic sheet it deforms (see FIC 2) and the
plastic sheet Z3ithfully reczoduces the physiczl Zzzm ¢f an
imsinged fingerprirnt.! This rhenomencn only occuizs when the
thicknesz of the shest is lecss than 5 micIe 2r? the meial
coating lezs tharn 1000 Angstrom Units.)}



fingerprint data is orovided with the constructiaon shown in FIG 1. A very
thin sheet of polyethelene terphthate (FIGla) which has been coated with
netal platelets is held separated froqu rigid substrate (FIGl'b) which
suppoﬁbé a series of fine conducting electrodes (FIG Ic).Wen a human
finger is pressed onto the plastic sheet it deforns (see FiG 2) and the
pl astic sheet faithfully reproduced the physical formof an inpinged
fingerprint. This chendénmenon only occurs when the {hi ckness of the sheet
is less than_5 microns and the netal coating |ess t'han 1000 Angstrom
Units.) The distortion causes netallised platelets on the surface
sur f he disthotpbascryseiscae tid lised @ighe liekso arorrthgctsugifideecont act pads
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the matrix a highly detailed 'map' may be constructed c¢f the

fingerprint ridge'pattezn. In_particular, the main featu:res of

a fingerprint, known as 'minutiae' can be located. Thece

features comprise ridge endings (FIG 8) and ridge bifuvrcations

(Fig 9) and may be located within the matzrix by examinaticn of

the data stream obtained from the shift registers.

A diagrammatic representation of a fingerprint is shown in FIG
10 and the 'minutiae' encircled .These have been extracted and -~
produced in their relative positions in FIG 11 to form a '
template or conctellation. The fourteen unigue bits of data
may be stored orn terms of their x-y co-crdinates or in terms
of thelr dicstance from & dzium, which is the centriced or
epicentre of the conStella*zon,thus considerably recducingc the
7 ~ount of data which needs to be stored and at the same time
M\.ducing the time reguired to make comparisons of
fingerprints. Further.it also eliminates problems created by -
tzanclational and rotational movements of the finger within

- the sampling matrix during data capture.

If both a pesitive and a negative of the fingerprint axe
_D*oduced ané ovexlayed so that their contours cecincide then
the combined picture is 'blacked out'. If however one pictiure
is shifted one ridge pitch with respect to the other and then
added the combined picture reveals a missmatch where the
'minutae’ occur. The records may be shifted one ridge pitch 'in
the vertical (Y) and horizontal (X) directions and subtracted
from each other to vield a 'constella*ion’. In digitsl tezms
this process is the same as the exclusive-or process in an
exclusive-or gate where only the difference between two Cata
streams iz savad when they are added together.



the data strean1obta|ned fromthe shift registers. A di agrammati c
representation of afingerprint is shown In FIG 10 and the ! mi nutl ae’
encircled . These have been extracteq%and produced in their relative:
positions in FIG 11 to forma tenpldate or constellation. The fourteen \;
uni que bits of data may be stored on terns of their x-v co-ordinates or
terms of their distance froma datum which is the centriod or epicentre of
the constellation thus considerably reducing the ount of data which needs
to be stored and at the sane tine Jucing the time required to make
conparisons of fingerprints. Further, it also elimnates problens created
by translational and rotational nmovenents of the finger within the sanpling
matri x during data capture. |If both a positive and a negative of the
fingerprint are produced and overlayed so that their contours coincide then
THO pEHDi hredo Pi EhEr emi Autbbacked ot autbhalboveyeh 2B eRidinee is shifted
whee thelgenpiéchppathtuespeckonetirhetethas and Frleen 2added the combi ned
wipiod Utle: revephs Aramsshat thtvheseithepbliisdt ae' teecghifthe records may be
rehis$teds onkichdgéfpttchisnrete deltivsalin( ¥headd thositzentsd. (X) directions
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capable of interrogating its user on contact with the
fingertipg. -

‘The sensor is compact and inexpensive. It can be constructed

using thin f£ilm techniques on a flexible substrate and may be
built into a credit card or act as a stand-alone device where
it can be used as a means of access control.



"star' and its angul ar reIatronshrp to the eprcentre of .th
'constellation.As well as storing this information in the. WIUHIM"”"
nicrogﬂocessor the data can be translated into code and~writterf ontont
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magnedw'c strip of a credit card. The design for handlrng t he tronic
signal s generated by the sensor may be enployed in all of the dpplications
descri bed &8J¥Swhence a conpact device any be constructed capable of

i nterrogating |ts user on contact with the frnaertrp The sensor is compact

and inexpensi ve. C%_%{#%p%?ﬂgtsr#goﬁ'd?é@ﬁglh ' g&tsﬂﬂaﬂuf&umya
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A fingerprint sensor according to cI ai m 1 wherein the sensor conpri ses a
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on its lower surface to operate the switch means in response. to
applied pressure.

3. - A fingerprint sensor according to claim 1 wherein the

he
d.

sensor comprises a plurality of first conductors, a plurality of .

second conductors overlying, separated from, and crossing the
first conductors, and each sensing cell includes switch means
responsive to applied pressure and associated with a cross-over
point, the switch means being pre-stressed piezoelectric elements
each having one end connected to a respective one of the first
conductors and another end connected to a respective one of the
second conductors. '

4. : A fingerprint sensor according to claim 2 or claim 3
wherein said first conductors are parallel to each other and said
second conductors are parallel to each other. '

5. A fingerprint sensor according to claim 1, wherein the
sensor includes a resiliently deformable film above a surface and
each sensing cell comprises a discrete magnetisable sensing
element on the film’s surface, the extent of magnetisation of each
magnetisable sensing element being responsive to pressure applied
thereto, and the sensor further comprising magnetising means for
magnetising the magentisable sensing elements, detection means
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first conductors, and each sensing cell incl ugﬂ '
applied pressure and associated with a cross- mmm ""ﬂmﬂu

responsi ve to
W t ch neans

being pre-stressed piezoel ectric elenments each *ha¥i ng ohe send connected to
a respective one of the first conductors and apother end connected to &f
r especFFIROHHY o9 hbe STEARF ConMFrYASataon of each of\Bhe H99&ingensor ~
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A fingerprint sensor according to claim1l1, wherein the sensor includes a
resiliently defornmable fil mabove a surface and each sensing cell conprises
a di scfet e magretfig@ereriohspeneer GraInrddngt ke FLaimss swhdresda thiee ext ent
of magaeteSHldd medhseafbluidgdaln skt rohagmei ¢ lrrertiingi Nead esponsi ve to
pressure applied thereto, and the sensor further conprising magnetising
means for magnetising the magentisabl e sensing el ements, detection neans -
responéive to theiOGeIRriBE RRRFRY aCRATGANEf LRaEkRHR § nehea%sidy ¥geel enent s
t 0 prodeesmikirputneangnaiscldideisi NguitEynegithosebsle Mmemergondmdt @ by an
epi der gBL o &4 98 fihaget hgse-dot, so contacted. 6. A-fingerprint sensor

according to claim5 wherein the detection neans includes an

el ectromagnetic recordi ng head. 7. A fingerprint sensor according to
cl ai m&. wher ei rA thiagérpeint csenmemacconéingld® aaynmagnehe erdusding nenory
and an: ASHAC kie®d 1hNENE tdH2yCBE| serbing cell1é {4 RAELPHLALL S&NRgaccording
to any of the preceding clains wherein the array of sensing cells is on a
pl astics card. 9. A fingerprint sensor according to any of clains 1
to 8 frther cdnPAnSerprint sAenicscassPrRgimedins anyr ofr etabms g tothé out put W,
si gnal Suttthgy okbifirer it isRN SEitkgratgrydes@igyt aeags)Tdr Prddedgengephesent ative
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pattern signal-or | mage, second. processing nea r
si gnal TR GREGABLFE S ?rg

uci n
dbsgpspﬁeflngerprlnt pattern, memory means for

n inverted

storing the sensed pattern signal or image, second processing
means for producing an inverted signal or negative image of the

sensed pattern signal or image, third processing means for
shifting said inverted signal or negative image one ridge pitch

with respect to the sensed pattern signal or image, and fourth
processing means for adding the shifted inverted signal or

negative image and the sensed pattern signal or image to produce

a processed signal image indicative of the relative positions of

fingerprint pattern ridge minutiae.

10.. A method of sensing a fingerprint pattern comprising the \)
steps of; actuating an array of discrete force sensitive switches '

by the presence or absence of contact of each switch by a

fingerprint epidermal ridge to produce output signals
representative of those switches which have been actuated,
producing a sensed pattern digital sigmnal or image of the sensed

fingerprint pattern, storing said sensed patterh signal or image-

in a memory, producing an inverted signal or negative image of

said sensed pattern signal or image, shifting said inverted signal

or negative image one ridge pitch with respect to said sensed

pattern signal or image, adding sai_d shifted inverted signal or
negative image to said stored sensed pattern signal or image to
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sensed pat.'tern signal or image, third processing means form lu
inverted signal or negative inage one ridge pitch with resl ” r“"ﬂml(m"l
sensed,pattern S|gnal or image, and fourth processing neans f or éddrng t h'e

hiftéa i t |
shi gﬁﬁ%& proc }qgﬁa'ﬂ%ﬂ rm%earig,él%sti@asg@ Rak %&am&a or

i mage to 1 gnal € indicative o relative
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sensing a fingerprint pattern:conprising the steps of; actuating an array
0; di Sf]r etﬁtfor Ce SeRhbb¥Srvd ts@ﬁ%%rb¥u15£'t|§hﬁ1%§.@&cﬁtsOﬁemd'a@%cgibté@nt act
of each swi n epi der ma o produce outpu
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produci ng a sensed pattern digital signal or image of the sensed
fingerpriniz pattern métRbd E sahdlﬁgerasedngaﬁﬁﬂt pagBaln GWubstageianl P
Tenory, prosd“fé{’glé‘” de@é%'.i%&? %h&”%t en ‘(’f% 'E@Q‘Ean axdd %ﬁﬁg?ﬁ‘%ﬂ
pattern si - ting sal |nver si gnal negati v ge

one ridge HiFUHI®Si t h respect to said sensed pattern si gnal or inage, adding
said shifted inverted signal or negative inmage to said stored sensed

pattern signal or imagge to -7 produce an output signal or inage
indicative of the relative positions of ridge mnutiae of the fingerprint
pattern. 11. A fingerprint sensor substantially as herein described and
with reference to the acconpanying figures. 12. A nmet hod of sensing a

fingerprint pattern substantially as herein described and with reference to
t he acconpanyi ng figures.



