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extrene case this can nean that the identified partial inmage uantlt)é
However, an increasing number of non~police uses require not—e rolled Tinger-

prints. Thus, in most cases it is not possible or desirable to prescribe the
enrolling of the fingerprint. 1In fact in many cases it is legally forbidden.
In the case of not-enrolled fingerprints, which are required for normal appli-
cations, a very serious problem arises. Thus, if the orientation of the finger
with respect to its longitudinal axis, i.e. a twisting or turning of the
finger relative to the image recording surface occurs, .then completely diff-
erent partial image quantities of a complete enrolled fingerprint are iden-~
tified, as a function of the twisting or rotation angle of the finger applied.
In an extreme case this can mean that the identified partial image quantity of
the surface of the finger on rotating the finger about its axis by e.g. +20°
and -20° leads to a common_image section quantity of these positions, which
makes it impossible in practice to identify with the mathematical method used
as a basis the person in question with an adequate accuracy using the diff-
erently applied finger. Thus, the infprmation still contained in the common
image section quantity can be too small to allow a reliable identification.

The problem of the invention is to give a method and an apparatus enabling
this serious difficulty to be overcome and which allow a considerably
increased identification reliability and accuracy and this is to be perform-

able with a relatively small storage requirement for a significant pattern.

According to the invention this problem is solved by a method according to
claim 1 and by an apparatus according to claim 9. Images of skin lines of

two juxtaposed fingers of a hand are recorded, the orientations of the



the surfacé of- the finger on rotating t'he finger about its axis by e.g.
+20[err] and -20 leads to a common inage section quantity of these
positions, which makes it inmpossible in practice to identify with the

mat hemati cal nethod used as a basis the person in question with an adequate
accuracy using the diff- erently applied-fZmger. Thus, the information
still contained in the common i nage section quantity can be too small to
allow a reliable identification. The problemof the invention is to give
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in which of the unrotated position and the determination of the finger longitudinal
axes, the evaluation algorithms become simpler, because generally more compli-
cated algorithms are required in the case of an undefined finger longitudinal
axis and which are rotation-independent, i.e. of the Lorenz type. The method
according to the invention on the one hand gives simpler algorithms and on the
other makes it possible for the same memory size to determine more significant
patterns. Simultaneously through the detection of the image informations of
two fingers the false acceptance rate FAR and false reject rate FRR are sig-
nificantly improved. 1If e.g. the FAR in a method is 1:1000 per finger, the
reliability of identification through the use of two fingers is 1:1 million.
Or, conversely, it is possible to obtain the same identification reliability

with simpler features of both fingers.

The dependent claims relate to advantageous further developments of the
invention with further improvements concerning system expenditure, storage
requirements, identification reliability and also with regards to the making

and evaluation of picture records.

The invention is described in greater detail hereinafter relative to embodi-

ments and the attached drawings, wherein show:

Figs. la to ¢ The partial image quantities of not-enrolled fingerprints
as a function of the rotation about the finger longitudinal
axis.

Fig. 2 A determination of the finger-longitudinal axes.

Fig. 3 - An apparatus according to the invention.

Fig. 4 Support surfaces as guidance means for the rotation-free



the rotati-on of the finger about ifs longitudinal axis is largely avoi ded
by a gui dance neans, so that the fingers are held virtually in the nornal
posi - tion and consequently clearly defined, -al nost identical partial inmge
guan- tities of the entire enrolled fingerprint inmages are detected and
transferred by suitable evaluation algortthns into a reduced data quantity.
As a result of the unrotated position and the determ nation of the finger
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Fig. 1 illustrates partial image quantities of not-enrolled fingerprints as a
function of the rotation W1l around the fingefhlongitudinal axis Ll. Fig. la
diagrammatically shows on a finger 1 in cross—sectidh, which partial image
quantities BO to B2 are recorded and evaluated as a function of the rotation
W1l about its longitudinal axis Ll. The. complete enrolled fingerprint image
hereﬁy extends over the area A. In the case of simple, not-enrolled support
of the finger on an image recording plate 12, in accordance with the rotation
angle Wl, different partial image.quantities BO to B4 are obtained, as shown
in figs. lb and lc. In the case of an unrotated finger with Wl.1 = 0, the
partial image area BO is recorded.

The rotation guidance means 13 illustrated in exemplified manner in figs. 4
and 5 are used for bringing the recording fingers 1, 2 as close as possible to
said position BO. However, if only a single finger and in ielatively random
manner is placed on an image recording plate, then in arbitrary form more

or less large rotation angles Wl occur.

In the case of a gréatly turned or twisted finger, e.g. by Wl.l = +20° and
W1.2 = -20°, correspondingly wideiy differing partial image quantities Bl and
B2 are recorded, so that the common image area, i.e. the section quantity

S1 of Bl and B2 is very small. Thus, in said section quantity Sl there are
very few features which can be identified and a reliable identification of the

fingerprint is not possible. Thus, e.g. it would not even be possible to



as a. function of the rotation about’ the finger |ongitudinal

~axis. "~ Fig. 2 A determ nation of the finger |ongitudinal axes.
. Fig. 3 An apparatus according to the invention. Fig. 4
© Support surfaces as gui dance neans for the rotation-free
- 3- supporting of the®ftngers. Fig. 5 A
further exanple of a guidance neans. Fig. 6 A support plate

with lateral stop face for parallel
identify the core position C in the example of Bl (fig. 1b). In the case of

the orientation of the two recording fingers in accordance with the invention,
said rotation is significantly reduced to e.g. +3° to -3°, sqlthat according
to the example of fig. lc substantially identical partial image quantities B3,
B4 with correspondiﬁgly large section quantities S3 of B3 and B4 are iden-
tified, which reliably always contain the core position C and which con-
sequently allow a much simpler and more reliable evaluation and identification

of the fingerprints.

During evaluation this can e.g. be taken into account in that with the algo-
rithms only a partial image quantity corresponding to a section quantity, e.g.
$3 with W1 = +3° and -3° or a section quantity ‘85 with Wl = +5° and -5° is
used for simplified evaluation. This selection could also be inputted as para-

meters.

Fig. 2 illustrates the determination of the finger ibngitudinal axes L1, L2,
if the two recording fingers 1, 2 are not defined and parallel and are instead
placed relatively freely and with an aperture angle ® on the support surface
12. For this purpose a centroid line L1 and L2 is determined for each finger
and from the same it is possible to approximately determine their orientation
oll, X2 relative to the normal direction N and aperture angleES =1 -2,

In this way the fingerprint images can more simply be calculated back to Ehe

normal position.

According to the invention identification is particularly simple and reliable
if the recording fingers 1, 2 are aligned in the normal direction N (i.e. with
1 =2 =0), as will be explained hereinafter.

As stated, the principle of the invention is that the two recording fingers
are also twice guided or positioned:

- firstly with the guidance means 13 in such a way that there should be no
rotétion about Wl and

- secondly in that the finger longitudinal axes L1, L2 are detected and used

for simpler evaluation.

This rotation-free guidance 13 is illustrated in figs. 4 and 5 and the para-



gui dance* purposes. * Fig. 7 ' A support plate with register rail.
Fig. 8 - A front stop with sensor. Fig. 9 The
“determ nation of the core positions. Fig. 1-illustrates partial inage
gquantities of not-enrolled fingerprints as a function of the rotation W
around the finger longitudinal axis L1. Fi§.-la diagrammtically shows on a
finger 1 in cross-section, which partial imge quantities BO to B2 are
recorded and evaluated as a function of the rotation WL about its
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of the finger lines e.g. takes place by means of total reflection on a prism,
which serves as an image recording plate 12. A digital grey value image is
recorded in an image processing module and from it is derived a binary image
with reduced storage volume and from same using suitable algorithms a bio-
metric pattern with relatively small capacity requirement is determined. The
apparatus has guidance means 13, through which the recording fingers 1 and 2
are aligned with respect to their longitudinal axes L1, L2 in unturned or
untwisred manner (with W1 2z 0). Thus, the recording fingers are positioned
parallel to the hand plane. The unrotated alignment of the recording fingers
is brought about in that two juxtaposed fingers are used for image detection

purposes on the support plate 12,

Further examples of rotation guidance means 13 are explained relative to

figs. 4 and 5. According to fig. 4 the guidance means 13 can be e.g. con-
stituted by a planar support surface 31 for at least four fingers 1 to 4 of

a hand, i.e. from the index to the small finger, so that all four fingers rest
flat and unturned on the support surface and in which only one partial surface
area 12 of the support surface is constructed as an image recording plate for
the two recording fingers 1 and 2 (e.g. index finger and middle finger).
Alternatively a support surface 32 can be provided for the whole hand, so that
the whole hand is supported flat and all the fingers 1 to 4 are untwisted, as

is shown as an alternative.

In fig. 5 the support can also be constructed in such a way that only the two
recording fingers rest on the recording plate 12 (here e.g. the middle finger
2 and ring finger 3) and the remaining fingers 1, 4 of the hand are bent by
suitable shaping 13 and aligned in parallel below the support plate.



In the case of -a greatly turned or ‘twisted finger, e.g. by W..1 = +20[err]
and WL..-2 = -20[err], correspondingly widely differing partial inmage
guantities Bl and B2 are recorded, so that the conmon inmage area, i.e. the
section quantity S1 of Bl and B2 is very small. Thus, in said section
quantity Sl there are very few features whi®h can be identified and a
reliable identification of the fingerprint is not possible. Thus, e.g. it
woul d not even be possible to
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alignment.

In a further variant according to fig. 7 a thin register rail 25 1is provided
in the normal direction N and to it the inside of both recording fingers 1, 2
can be appliéd to bo;h sides. Thus, the thin rail 25 is squeezed by both
fingers. To ensure that the fingers are on both sides positioned on the
register rail, on both sides sensors 26 can qonitor and ensure the contact
with both fingers. The use of such a parallei guidance means 22, 25 is part-
1culaf1y advantageous, because it fixes the orientaéion of the fingers with
respect to the detecting optical unit and consequently the evaluating algo-

rithms are made correspondingly simpler.

The juxtaposed recording fingers can naturally also be the middle and ring
fingers (2, 3) or ring and small fingers (3, 4). It would even be conceivable
to use fingers 1 and 3 or 2 and 4, but in practice would be more complicated

and less accurate.

As additional positioning means figs. 7 and 8 show from the side a front
register rail 28 with a pressure sensor 29, with which it is possible to
detect and control a predeterminable contact pressure réhge or force range of
e.g. 1 to 3N and with which the fingers must be applied for image recordiﬁg
purposes. Advantageously the front stop only acts on the finger pad 7, so
that the finger 1 does not engaged with the fingernail and consequently the
finger position is not dependent on the different fingernail length.

In general, further sensors could be used in combination with the guidance
means for optimizing and controlling the positioning of the recording fingers

according to the invention.



rithnms ohly a partial image quantity corresponding to a section quantity,
e.g. S3'with WL = +3[err] and -3[err] or a section quantity S5 with W =
+5[err] and -5[err] is used for sinplified evaluation. This selection could
.al so'be inputted as para- neters. Fig. 2 illustrates the determ nation of
‘the finger longitudinal axes L1, L2, if the/ two recording fingers 1, 2 are
-not defined and parallel and are |nstead pl aced relatively freely and wth
‘an aperture angle [err] on the support surface 12. For this purpose a
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is illustrated in
positions it s also possible to determine the spacing vector, i.e. the spac-—

ing R and its direction b as measurement parameters. In addition, e.g. also
the spacings D1, D2 of the core positions relative to the joint folds Fl, F2,
here the top joints, can be determined and used.

Such .invariable informations concerning a per;on can be used during a search
in a fingerprint data bank for simplifying the seekihg of the relevant infor-
mation and this can be considerably accelerated in that the data bank is so
indexed that spacing and angular informations or primary biometry data are
used prior to the complete fingerprint information for diluting the data in
question. Instead of only using the core position of two fingers, naturally
three or four fingers could be used for identification purposes, as indicated
at C3 in fig. 9. '



N
T

-5- Ilel guidance in figs. 6 and 7. Fig. 3 diagrammtically shows an
apparatus according to the invention for perform ng themethod—wth—=a

i mage recording device 10, an evaluating elec--tronics 1 ' '
al gorithns 15 and an associ ated data bank 19 with stored,l B ,”"l
fingerprint patterns. The apparatus al so cofitai ns an I npu L i

device 16 (e.g. for inputting paraneters, for operator guidance and result
di splay), as well as a connection to a ma Ol system 20. The recordi ng of

the finger lines e.g. takes place by nean BES 0t al reflection on a prism
whi ch serves as an imge recording plate 12. A digital grey value inmage is
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means (13), so that during each identification process clearly defined,

almost 1deﬁt1ca1 partial image quantities (B3, B4) of whole, enrolled finger-
prints are detected and transferred by evaluation algorithms into a reduced

data quantity.

‘2. Method according to claim 1, characterized in that the finger longitudinal
axes (L1, L2) are determined.by establishing centroid lines of each finger-
print image and from same are determined their orientation angles { (1, {2)

-

and their aperture angles &= O - X2.

3. Method according to claim 1, characterized in that the finger longitudinal
axes (L1, L2) are kept parallel and in the normal direction N by a parallel
guidance means (X1 =02 = 0).

4, Method according to claim 1, characterized in that the core positions
(Cl, C2) of the two recording fingers (1, 2) are determined and from same the
spacing (R) and direction ( B) are established.

5. Method according to claim 1, characterized in that further biometric
parameters, e.g. ‘centres of gravity of fingerprints, spacings (D1, D2) and the

relative position of the skin folds of the top joints, etc. are determined.

6. Method according to claim 1, characterized in that an associated data
bank with comparison patterns (19) is index according to primary biometric
data.

7. Method according to claim 6, characterized im that core positiomns (C),

locations, angles and spacing details (D) are used as primary data.



i s brought - about in that two juxtaposed fingers are used for inmage
det ecti on. pur poses on the support plate 12. Furt her -exanptes—oef—+etation

gui dance neans 13 are explained relative to figs. 4 an ' t
fig. 4 the guidance neans 13 can be e.g. con- stituted L"nm mﬂ tumgrt
surface 31 for at least four fingers 1 to~4%90f a hand, ix€. [

to the small finger, so that all four fingers rest flat and unturned on the

support surface and in which only one partial surface area 12 of the
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recordi ng Lko@RhSquiandehied (8, $3)i MElCuséd Tger evildatiindOh R 1l VRation algorithms
Al ternatl\\l/\;zlb%ea support surface 32 can be provided for the whole hand, so

t hat the hand is supported flat and all the fingers 1 to 4 are
untwi sted, as is shown as an alternative. In fig. 5 the support can al so

be construgte n-such_a way,that y the two r n nger t_.on
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relative to their longitudinal axis (L1, LZ) by guidance means (13) and that
an evaluating electronics with evaluation algorithms and an associated data

bank (19) with comparison patterns are provided.

10. Apparatus according to claim 9, characterized in that the guidance means
(13) are constituted by a planar support surface for at least four fingers of
a hand (31) or for the whole hand (32), whereof a surface part area is con-
structed as an image recording plate (12) for the two recording fingers

(1, 2).

11, Apparatus according to claim 9, characterized in that a lateral stop face
{22) defining the normal direction (N) is placed on the support plate and
to which can be applied, parallel to the normal directionoan outside of a

recording finger.

12. Apparatus according to claim 9, characterized in that the parallel
guidance means is constituted by a register rail (25) in the normal direction
{N) and to which on either side can be applied the inside of both recording
fingers (1, 2).

13. Apparatus according to claim'ii characterized in that sensors (26) on the
register rail (25) on both sides monitor the contact with the inside of both
fingers (1, 2).

14. Apparatus according to claim 9, characterized in that a front stop (28)
for the longer recording finger is provided.

15, Apparatus according to claim 14, characterized in that the front stop (28)
is in contact with the finger pad (7) of the longer recording finger below



As shown-in'figs. 6 and 7, additionally al so the flngeL_nggglgg%ﬂiLeiégs
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‘to fig. 6 this is a lateral stop face 22 defPnfng the nofmak

([err]= 0), to which the outside of a recording finger 1° can-be—appLLed
parallel to.sa f nor dlrectlon When the fingers are closed al so finger
2 has a paﬁ?llt In a further variant according to fig. 7 a

thin register rail 25 i's provided in the normal direction Nand to it the

i nsi de of t h er e a Led, to Qoth s

the thin rtl% ?gp %g{ﬂgg l%g%gzlledég toboﬁlﬁ\‘ ?ﬁge?'éra%féﬁ%%ﬁa Tk o ﬁgeffrﬁggrsstop
are on bot {28) deslpe’em deﬂ@@dcm’etsaere e'gn&t dor rebiel comrachodiiths titke SisgursSof %.26
can nonitor aPheRsHR EQl?b‘}Oﬂéa%%toW er&trh {% yrgers. The use of such a
paral | el gui dance neans 22, I's part- Icularl’y advantageous, because it
fixes the orientation of the flngers with respect to the detecting optical
unit and consequently the evaluating algo- rithns are made correspondi.ngly
simpl er. The juxtaposed recording fingers can naturally al so be the

m ddle and ring fingers (2, 3) or ring and small fingers (3, 4). It would
even be conceivable to use fingers 1 and 3 or 2 and 4, but in practice
woul d be nore conplicated and | ess accurate. As additional positioning
means figs. 7 and 8 show fromthe side a front



register rail 28 with.a pressure sensor 29, with which it is possible to
detect .and control a predeterm nabl e contact prgssure range or force range
of e.g. 1 to 3N and with which the fingers nust be applied for inage
recordi ng purposes. Advantageously the front stop only acts on the finger
pad 7, so that the finger 1 does not engaddd~with the fingernail and
consequently the finger position is not dependent on the different
fingernail |ength. I n general, further nsors could be used in

conmbi nation with the guidance neans forﬂgggﬁé zing and controlling the
positioning of the recording fingers according to the invention.

-7- Accgor di to the jnvention, further tgical paraneters, can be
Used for TR BEdTSTGeT HEeRERkhRIPR, PE | ROERPPOLASY | RECTPr i dRp g HisEes oF
her ei naf t skin Thaiss of ntwedglittaposed dingsarsh(heR3 ook askambar&aegoxtzdof Thepi cal
geonetrical, finger _con-.tours i i fr i.ndj vi.dual
fingerpri ﬁfiﬁnﬁ%g'gonfh%Pégéeﬂﬁgg% &%ﬁﬂt}‘rﬁg eafg%]e I'é\’/aﬁit’51 H; errgn egtpg?nﬁhse,
e.g. the semaledigfecgicaw (V) anecdeksruinrdiend dydneansaetd evidance meanhelll) a

rotation or twisting (Wl) of the fingers about their longitudinal axis is

largely avoided, so that virtually coinciding, defined partial image quant-
ities (B3, B4) of the complete enrolled fingerprint (A) are detected and
transferred by evaluation algorithms into a reduced data quantity. This
allows a much greater identification reliability with a smaller storage

requirement and simpler evaluation algorithns.

(Fig. 3)



Fig. 9 itlustrates' as .an advant ageous enbodlnent the use of the core
p03|t|ons Cl, C2 of both fingers as inportant: primary bionetry data and
fromthe core positions it is also possible to deternine the spacing
‘vector, i.e. the spac- ing Rand its direction b as neasurenent paraneters.
In addition, e.g. also the spacings D1,4 of the core positions relative
to the joint folds F1, F2, here the top joints, can be determ ned and used.
Such invariabl e infornations concerning a person can be used during a
search in a fingerprint data bank for ing the seeking of the

rel evant infor- mation and this cap
data bank is so indexed that spa I Mormations or primry
biometry data are used prior tg"the conplete fingerpNnt_fjnformation for

two fingers, naturally threefor four fingers could be uged for
I dentification purposes, as ' [ '
CLAI V5

/ \—W1.2=-20°
g
Wil=+20" Lwig0 - J2

FIG.1a

+20° A 20°
FIG.1b



1. Method for the-identification of not-enrolled fingerprint inmages,
charac-. terized in that inages are recorded of skin lines of at |east two

j uxt aposed fingers (1, 2) of a hand, the orientations of the finger
~longitudinal axes (L1, L2) are determined or will be determ ned and the
rotation (W) of the fingers about theigydongitudinal axis is largely
prevented by a gui danc& neans (13), so that during each identification
process clearly defined, alnost identical partial inage quantities (B3, B4)
of whole, enrolled finger- printsare dete¢ted and transferred by eval uation

algorithnms into a reduced date—guantity. 2. Methouv~eegQrding to claim1,
characterized in that E finger |ooefPaleTonmss gs (L1, L a e detern ned
by establishing ceptToid Iine§,4' eA4ch i’9i>' BIRY i mge and om SFNE
are determ ned eir orientapigpangl e SRK2) and t hei INaperture
angles [err] [err]l - [2VIAZ. . MeA e or_| to claim1,

~characterizeg in that the pi/pge ongitudf pad™ axes N\, 2) are kept

~parallel angd in the nornak d,’ec Fon N byla parall e }‘ nce neans ([e&r]

1 =Jerr] Z=0). 4. Me ? accoreing té claip%aaterizedintht
the core p¢sitions (CL, d2! ¢f e two-fefad g £rNge , 2) are

~deternined{and from sane ltjkFSpacing (B . %‘ r]) are
~established. 5. Methodldcpsding +0 cl g 1, rli%d in that
I

I

|
-

l

|

further bi¢metric -

I
l
|
I
|
e

_:fx_____.__
\

L&
w._ o
Q
7
wn
01<
\.
|
«

S3=B3nB& FIG. 1c

745=cc1-cc2' | FIG. 2



paranmetefs, ‘e.g: centres of gravity of fingerprints, spacings (D, D2)- and
the relative position of the skin folds of the top joints, etc. are

det er m ned. 6. Method according to claim1, characterized in that an
associ ated data bank with conparison pajterns (19) is index according to
primary bionmetric data. 7. Method according to claim6, characterized in
that core positions (C), locations, angles and spacing details (D) are used
as primry data. - 9- 8. _
Met hod accor diNjg-&p Wim acterized jn that restricted i mage section

rgli th eval uati on al gorithns (15).
according to claiml, characterized
i tdma support plate (12) is

(1, 2) are positioned in

quantities (S, S3) ¢
9. Apparatus fo e
in that an i mag?iew
provi ded on which t
unt urned manner
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relative to'their :longitudinal axis (L1, L2) by guidance neans (13) and
that ‘an evaluating el ectronics with evaluation algorithnms and an associ at ed
data bank (19) with conparison patterns are provided. 10. Appar at us
according to claim9, characterized in that the guidance neans (13) are
constituted by a planar support surfacd.f%r at |east four fingers of a hand
(31) or for the whole hand (32), whereof a surface part area is con-
structed as an inmage recording plate (12) for the two recording fingers (1,
2). 11. Apparatus according to claim9, characterized in 4hat a | ateral
stop face (22) defining the nornal dlrectlon (hD is placed,on the support

pl ate and to which can_he-apekied —Daralis Be—eerapll directign, on an
outside of a regording finger. A o
characterized iph that the paralle
register rail (R5) in the nognal

di ng nger\y ) . fppar at us

can be applied f'

according to clfaim 12, 2 X ensof ( : egi ster
rail (25) on bpth S|des i g i i nsi dg”of both fingers
(1, 2). 14. ; j i ilzed in that a front

stop (28)
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for the~onger recording finger is provided. 15. Apparatus according to
claim 14, characterized in that the front stop (28) is in contact wth the
finger pad (7) of the longer recording finger bel ow

- 10 - the fingernail. 16. Apparatus qg@prding to claim 14, characterized
in that on the front stop (28) a clearly defined pressure range for the
contact with the finger of e.g. 1 to 2N can be set by neans of a sensor
(29). :
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