-1 FINGER VEIN AUTHENTICATION UNIT AND INFORMATION
PROCESSING UNIT Field of the Invention The present invention relates to a
finger vein authentication unit and an information processing unit using the
same, and more particularly, to a 5 technology of downsizing a finger vein
authentication unit. Description of Related Art Among various security

technologies, a fingesryei-can ealizehigh,aceyragy; putheptication. Since

10 finger vein authentication uses a finger vein pattern in a human body,
excellent authenticaticgiBesiFacyCdary Be Feslizéd and forgery in the finger
vein authentication is more difficult as compared with that in fingerprint
authentication. Thus, advanced security 15 can be realized. As a

conventional examplefthis-type of finger vein authentication, for example,
a biometric authentication apparatus disclosed in JP-A-2006-155575 is

known. The biometfie avfisestication’apparatus 205heides & lightsedarce for

emitting.l!ght to be transmitted thr(%u%h a finrge.r n imatqing] unit for imaging
. o) T h
the light transmiticd thiough he finger. & finger deteston Fesns for
detectingtthat the;finger exists iaedpregetepainedopasitior, adinger region - 2
extraction means for extracting a region occupied by

5 technology of downsizing a finger veln authentication

unit.

Description of Related Art

Among various security technologies, a finger

vein can realize high-accuracy authentication. Since
10 finger vein authentication uses a finger vein pattern

in a human body, excellent authentication accuracy can

be realized and forgery in the finger vein

authentication is more difficult as compared with that

in fingerprint authentication. Thus, advanced security
15 can be realized.

As a conventional example of this type of
finger vein authentication, for example, a biometric
authentication apparatus disclosed in JP-A-2006-155575
is known. The biometric authentication apparatus

20 includes a light source for emitting light to be
transmitted through a finger, an imaging unit for
imaging the light transmitted through the finger, a
finger detection means for detecting that the finger

exists in a predetermined position, a finger region



the finger from an image imaged by the imaging unit, and a gain changing
means for changing an amplification factor of imaging sensors in the imaging
unit on the 5 basis of a picture quality of a specific region within the extracted
region. The finger vein authentication has an advantage that the
authentication unit can be downsized astompared with other biometric

authenticatiop 10, methods. ddpweyer. recently .by. g spread. of selgcironic

commerce or an online bank using a small- sized information device such as
a mobite télépbene faofinger veiagutheateatidry uniteneedsstonlge further
downsized so as to be a%%ﬁed to the small-sized 15 information device. The

biomé&thit dutAntication apParditis” discidsea ' 3P A 20062155575 i€'6f &R
imagipgtype whichean ebtaio-eptinal quality ofthe Mein pattern withaut
being influenced by an external environment 20 variation, in the imaging of
the fikgériveinfpatterhddy The TresHiittedlight SBaCthieldowngizing 6f tHe n
authecg;igaéiggra CEﬁargturs is.not described. Summary of The Invention

Accordingly, an o jSCt ofet%%aoﬁlrésent 25 invention is to provide a finger vein

authentication unitihich g applieabledotasmall-sizeddevice such as a
mobile telephone, and an information processing - 3 - unit using the same.

Accoﬁﬁﬁﬁqa%ﬁpaﬁ&iﬁ(ﬁqu?ﬁgggﬁFication unit can be downsized

as compared with other biometric authentication

10 methods. However, recently, by the spread of
electronic commerce or an online bank using a small-
sized information device such as a mobile telephone, a
finger vein authentication unit needs to be further
downsized so as to be applied to the small-sized

15 information device.

The biometric authentication apparatus
disclosed in JP-A-2006-155575 is of an imaging type
which can obtain optimal quality of the wvein pattern
without being influenced by an external environment

20 wvariation, in the imaging of the finger vein pattern by
the transmitted light, but the downsizing of the

authentication apparatus is not described.

Summary of The Invention
Accordingly, an object of the present
25 dinvention is to provide a finger vein authentication
unit which is applicable to a small-sized device such

as a mobile telephone, and an information processing



invention, there is provided a finger vein authentication unit including a light
source which 5 irradiates light to a finger, an imaging unit which images a
vein image by the light which is diffused and transmitted through the front
side of the finger, and an image processing unit which processes the image,
wherein the light source is mounted orfthe front side 10 of the finger and

emits thedight toward the side surfaces of the finger. According to the

present invention, it is possible to provide a finger vein authentication unit
with a small size andchighiaccuracywhigheistcapabié el 5 of beirig applied to
a small-sized. information processing unit such as a mobile telephone, and an

informatieh proCessing Uit tisiRg tHe $amé. Ot Bnj86ts” features and

advantagesafithe: inventionwill- hecome appareghiromsthefollowing 20
description of the embodiments of the invention taken in conjunction with the
aCcormpandiny-Grawingst Brief DeStription ofSeveral views of Drawitg Fig. 1

IS a p%@’%ee%“"?e Yz'fsg"l‘r’?"fi%é's&@eﬂ Ve'c’]qea%":%ﬂtéc%oi”ck%”'i9"59@8 9 afirst

embodiment of 25 the present invention. Fig. 2 Is a perspective view

showing: a state: dhatca fingeh i taid ondhe finger vwein awthentication 4ndnit.

Fig. 3 is an enlarged view of a small piece of the finger vein authentication

unn(ﬁ¢qdmfge processing unit which processes the image,
wherein the light source is mounted on the front side

10 of the finger and emits the light toward the side
surfaces of the finger.

According to the present invention, it is
possible to provide a finger vein authentication unit
with a small size and high accuracy, which is capable

15 of being applied to a small-sized information
processing unit such as a mobile telephone, and an
information processing unit using the same.

Other objects, features and advantages of the
invention will become apparent from the following

20 description of the embodiments of the invention taken

in conjunction with the accompanying drawings.

Brief Description of Several Views of Drawing
Fig. 1 is a perspective view of a finger vein
authentication unit according to a first embodiment of
25 the present invention.
Fig. 2 is a perspective view showing a state

that a finger is laid on the finger vein authentication



Fig. 4 is a schematic cross-sectional view of 5 the finger vein authentication
unit. Fig. 5 is a perspective view of a mobile telephone in which the finger
vein authentication unit is fixed. Fig. 6 is a view showing an image 10
(distortion) obtained by an imaging sensor. Fig. 7 is a view showing a
correction image after correcting the distortion of the image obtained by the
imaging;sensor. Fig. 8 is a characteristic view showing a 15 relationship
between an object height and distortion (%) . Fig. 9 is a characteristic view
showing a relatioAship betweenrar objecidighttand & brightaéss priatio=of a
lens unit. 20 Fig. 10 is a hardware block diagram of an imaEg,e processing unit
of thePfindGPvai ithenIeRiGH UE Fig21 LR Ts Wiandien'dt a piobile
telephone in whichitge finges vein asthentication it isfixedn 25 Rigek1B4s
a right side view thereof, and Fig. 11C is a front view thereof. Fig. 12 is a
pérspettivé Viewshowinga stere tiat the maobile telephone in which the
finger vein -5 au §nticgtiog ugit igjl_jigegg%gsp]%%vpyo%n%hr%ggilaeccording
to the first embodimehit of the pregent fnvention.

telephone in which the finger vein authentication unit

is fixed.
Fig. 6 is a view showing an image
10 (distortion) obtained by an imaging sensor.

Fig. 7 is a view showing a correction image
after correcting the distortion of the image obtained
by the imaging sensor.

Fig. 8 is a characteristic view showing a

15 relationship between an object height and distortion

o\

(%) .

Fig. 9 is a characteristic view showing a
relationship between an object height and a brightness
ratio of a lens unit.

20 Fig. 10 is a hardware block diagram of an
image processing unit of the finger vein authentication
unit.

Fig. 11A is a plan view of a mobile telephone
in which the finger vein authentication unit is fixed,

25 Fig. 11B is a right side view thereof, and Fig. 11C is
a front view thereof.

Fig. 12 is a perspective view showing a state

that the mobile telephone in which the finger vein



Fig. 13 is a perspective view showing a state 5 that the mobile telephone in
which the finger vein authentication unit is fixed is grasped by one hand,
according to a second embodiment of the present invention. Fig. 14 is a
cross-sectional view taken along 10 line XIV-XIV of Fig. 11A. Fig. 15is a
cross-sectional view taken along line XV-XV of Fig. 11A. Figs. 16A to 16C

are vieys, shewing an,embodiment of a finger yein authepficafion.unigin 15
which a neutral density filter is mounted. Fig. 17 is a cross-sectional view of a
fingere weir duthentication unitFicledingd hghttguidetfor guidimgplight
generated by a light source (LED) to an irradiation port of a casing. 20 Fig.
18 is &' partial Gross-sectional perspective view of a finger vein authentication

unit including a lightguide fersguiding light-generated bys adight souree at e

(LED) to an irradiation port of a casing. 25 Fig. 19 is a perspective view of

the fitger Ve atthenticatiohamiPaccdraing i the Becénd Iembotliment of

the present invention, Figs, 204 and, 208 are cross.sectignal vie Sahdg,Of the

finger vein authentication unit ojstlg. 5When viewed fromrthe end Side of the

fingea &dgs 21 andl 21Barercfossisediinnakviewsche present
invention.

Fig. 14 is a cross—-sectional view taken along

10 1line XIV-XIV of Fig. 11A.

Fig. 15 is a cross-sectional view taken along
line XV-XV of Fig. 11A.

Figs. 16A to 16C are views showing an
embodiment of a finger vein authentication unit in

15 which a neutral density filter is mounted.

Fig. 17 is a cross—-sectional view of a finger
vein authentication unit including a light guide for
guiding light generated by a light source (LED) to an
irradiation port of a casing.

20 Fig. 18 is a partial cross-sectional
perspective view of a finger vein authentication unit
including a light guide for guiding light generated by
a light source (LED) to an irradiation port of a
casing.

25 Fig. 19 is a perspective view of the finger
vein authentication unit according to the second

embodiment of the present invention.

Figs. 20A and 20B are cross-—-sectional views



of a light shielding wall according to the second 5 embodiment of the present
invention. Figs. 22A and 22B are cross-sectional views of a light shielding
wall according to a third embodiment of the present invention. Figs. 23A and
23B are views showing an 10 example of a position where a light source is
mounted. Figs. 24A to 24F are a top \few of a casing, for describing the

positign wherecthe lightsoyree.is yopunted. Detailed Degcrption of The
Invention 15 Next, embodiments according to the present invention will be
describedeAl fihgen velre autbenticatiornt unitéen anngmbodiment includes an

imaging unit for irrFadiatin I{%r:t from light irradiation portst14 mounted on the
front side of a 20 fingt info the fifigér-and Tmaginy an image based bR" the

light, whigh is diffusediinithefinges and: dransmittgditbreugh the yein, and an
image processing unit for extracting a vein pattern from the image and
pérfofmitypastnad authenticztivm R5Hnverder 2@ allow the imaging unit of

the finger vein auheqticalion upiy (o, dlealy.pick yp.an Jmage,of a finger vein
pattern in the imaged portion, - 7 the following optical conditions needs to be
satisfted. aAs ione cendidion; infrared light rettected framahenskin surface of
the finger is not imaged by the imaging_ unit. If this condition is not satisfied,
thehﬁg@@@ﬁment of the present invention.
Figs. 23A and 23B are views showing an
10 example of a position where a light source is mounted.
Figs. 24A to 24F are a top view of a casing,

for describing the position where the light source is

mounted.

Detailed Description of The Invention

15 Next, embodiments according to the present
invention will be described. A finger vein
authentication unit in an embodiment includes an
imaging unit for irradiating light from light
irradiation ports 14 mounted on the front side of a

20 finger into the finger and imaging an image based on
the light, which is diffused in the finger and
transmitted through the vein, and an image processing
unit for extracting a vein pattern from the image and
performing personal authentication.

25 In order to allow the imaging unit of the
finger vein authentication unit to clearly pick up an

image of a finger vein pattern in the imaged portion,



5 the finger vein pattern includes unnecessary information of wrinkles of the
skin surface of the finger, and thus, becomes unclear. As another condition,
infrared light diffused without reaching a depth in which the finger vein exists
is not imaged by 10 the imaging unit. If this condition is not satisfied, the
infrared light which does not includethé information of the finger vein pattern

deteriorates the, conyyast ot the fingenveinpatesn. fig-1,15,2 PEISREGHVE;

view of a finger vein 15 authentication unit according to an embodiment of
the presentinventioniwhichiimChsdesia cidical casing 164 Thefingeéeis laid
on a topside of the casing 10 as . shown in Fig. 2..A groove 12 for s,erl.l)arating

the fifiger’ t5 e aGtheRtichtsd And T opticdl Systaiitis providedd iiF tha

topsidke, of the easing: in the gase whare a shost focls/wide angleilensdinitis
applied to the optical system, the depth of the groove 12 can be further
reducetPaid tHES the sizerefthefingera/eidcquthreprieaton tnit can be

downsiped i3 thigkness, 25, dyection The g of the.groove 12 i
r use eritn

narrower than that of the ?i%\rglje . r lays his ger so as to cover the

whole groeme 12185 shown iBddgn2.s- 8nAceardinglysit 4s possible to prevent
light emitted from the light irradiation ports 14 mounted on the side of the
fingeFBr exterar lightframIsking Hitectly T irratfidted o (e suriface of thet front

gde(@Q@@h in which the finger vein exists is not imaged by
10 the imaging unit. If this condition is not satisfied,
the infrared light which does not include the
information of the finger vein pattern deteriorates the
contrast of the finger vein pattern.
Fig. 1 is a perspective view of a finger vein
15 authentication unit according to an embodiment of the
present invention, which includes a cubical casing 10.
The finger is laid on a topside of the casing 10 as
shown in Fig. 2. A groove 12 for separating the finger
to be authenticated and an optical system is provided
20 in the topside of the casing. In the case where a
short focus/wide angle lens unit is applied to the
optical system, the depth of the groove 12 can be
further reduced and thus the size of the finger vein
authentication unit can be downsized in a thickness
25 direction.
The width of the groove 12 is narrower than
that of the finger. A user lays his/her finger so as

to cover the whole groove 12 as shown in Fig. 2.



5 finger on the groove 12. Since the light reflected from the surface of the
finger is reduced, it is possible to photograph a clear vein image. A
rectangular opening 20 for inputting transmitted light from the finger is
provided in a 10 bottom surface 24 of the groove 12. An infrared
transmission filter (IR filter) is mountecfinthe port. The IR filter blocks
exterpallight; sueh as;solar, light andlight of & flyarescent lamp,; « g
unnecessary for authentication and prevents dust from entering into the 15
authenticatiohaunit. freférerce atmerab 26 of Fig. hodemotes anwatishaving a
relatively small he%ght and protruding to .the fir%%er side. This wall is formed in

a strig shape 4 c?ﬁgi?d:direwﬁltﬁi?&@ft%loriL of tHe fing8r AEtHE St 26 sides of

the finger A paisofthe wallssfaceseachr ather injearallel apd has-a fdunction
for supporting the finger when the finger is laid on the topside of the casing

10 suEhhat tiefinger Brpreiented frobd being shifted vy attdrizomtal

direct%%%. Th: Wallulr cjiscrenadf_e 2 eof Pirrpaé%riall WQnguiS eoé)aqltﬁ vlvisth respect
to the in raredeligq‘ht. ccoréllng y, the wall also has a function for guiding the

light emitteidbfrom the>Hluradity phthe bghtirraciation pets 14 arranged on - 9
the outer edge of the top surface of the casing to the side surface of the
finger instead of tfe PBHOATEPHRET fitiger 1 the Hightis madethéiféent from the

side sprfaceafitba finger.a ighh,componen £eaching,a s ged in a

10 Dbottom surface 24 of the groove 12. An infrared
transmission filter (IR filter) is mounted in the port.
The IR filter blocks external light, such as solar
light and light of a fluorescent lamp, unnecessary for
authentication and prevents dust from entering into the

15 authentication unit.

A reference numeral 16 of Fig. 1 denotes a
wall having a relatively small height and protruding to
the finger side. This wall is formed in a strip shape
in a longitudinal direction of the finger at the both

20 sides of the finger. A pair of the walls faces each
other in parallel and has a function for supporting the
finger when the finger is laid on the topside of the
casing 10 such that the finger is prevented from being
shifted in a horizontal direction. The wall 16 is made

25 of a material which is opagque with respect to the
infrared light. Accordingly, the wall also has a
function for guiding the light emitted from the

plurality of the light irradiation ports 14 arranged on



5 deep portion of the finger with respect to the vein pattern to be
photographed is increased. Since such a reflected light component which
deteriorates picture quality is reduced based on this, it is possible to
photograph a clear transmitted light. 10 Small protrusions 18 protruding to the
finger side in a small rectangular shape are formed in a substantially central

portion,af the.wall 16,0 the lonaitudinal direction, Ihe small protyusions; 18
serve to indicate a first joint of the finger. The user lays 15 his/her finger on
the casifg suchtthae the firdtgoint ngktheifingeras bréugheinto contact witiha

pair of .small protrusions 18. Thus, a vein pattern located in the vicinity of the
first joint 8F the finder 8an be” ifputto ™S fhs it ARd an iMAging sénsor. The
joint 20, pextion gtthe fingerignarrgwer than sthe/pritionscand sy a
susceptible to be fitted between the small protrusions according to the
narrodesikapeThithe fiigehoeihlagthentication Sthirovdintpattern iHthe

vicinit a%fttge fir 0 finger,is Cyslegul.fo(r: r25ahsig -accuracy bi%rgﬁtrgc

t jgint of the
ident |cat|or]§.ml'r€i% ?gebg%gﬁgegf%ggﬁm in thénwci%lty of the jointis thin and

thus therueints suseeptibledados ¥iewed ithe &malt pretusionsikd may be
mounted at a position where - 10 the fingertip is laid as well as the position
of the#idtjbint I PhaFiget ds ProGghintd BoAtact witiFaPpRFARYof Points

?g:n%%t%tr?&%%{ti%n ofthe fwgﬁﬂﬁ@gzqq.gﬁgqch sensors may be

10 Small protrusions 18 protruding to the finger
side in a small rectangular shape are formed in a
substantially central portion of the wall 16 in the
longitudinal direction. The small protrusions 18 serve
to indicate a first joint of the finger. The user lays

15 his/her finger on the casing such that the first joint
of the finger is brought into contact with a pair of
small protrusions 18. Thus, a vein pattern located in
the vicinity of the first joint of the finger can be
input to a lens unit and an imaging sensor. The joint

20 portion of the finger is narrower than other portions
and is susceptible to be fitted between the small
protrusions according to the narrow shape. In the
finger vein authentication, the vein pattern in the
vicinity of the first joint of the finger is useful for

25 high-accuracy biometric identification. This is
because the skin in the vicinity of the joint is thin
and thus the vein is susceptible to be viewed. The

small protrusions 18 may be mounted at a position where



5 the small protrusions 18. Accordingly, it is possible to detect that the finger
is accurately laid on the casing 10 and photograph the finger. Thus, the
indicating position of the finger can be stabilized and the finger can be
prevented from being photographed in 10 a state of being separated from the
unit. The opening 20 for inputting trarshitted light has, for example, a

rectapgulag f’rh?@?tq%vmig anarea,which can inpytthe, image in the viginity of
the first joint of the finger. For example, the rectangular opening 20 for
inputting 45 toadsmittedTlightthangeg aillongside (20 imiy) andhaashort side 10

mm) is_provided. The vein in the vicinity of a second joint of the finger is
susceptibig 16 b iewsd Acorag to e a%%%egggégrfboera rdadoh
Thereforg;dheismall 20iprotrusions 18 snay besdiverted jinta-the-pesitigning of
the second joint for serving for the authentication. If the second joint is
pésitivhedste finger sigifieantly protrddes fid tHey authentiRaliop Uit ®
the side of the fingerti d thus a wider opened space 25 is hecessary at the
Side ST e, BT S et P
compagiynyse the adthenticaionounit Hbe fiseyet-the finst jgint ris preferable. -
11 Fig. 20A is a cross-sectional view showing a position where a light

source"8iS Afoutftedién the Lasing 1670, 238 vigwed From the Side' of
the ﬁﬂggr%.&'r{%@f.nféadlf?qolég@Mﬁ%e"ﬁisﬁmeggggginphotographed in

10 a state of being separated from the unit. The opening
20 for inputting transmitted light has, for example, a
rectangular shape having an area which can input the
image in the vicinity of the first joint of the finger.
For example, the rectangular opening 20 for inputting

15 transmitted light having a long side (20 mm) and a
short side (10 mm) is provided.

The vein in the vicinity of a second joint of
the finger is susceptible to be viewed according to the
above—-described reason. Therefore, the small

20 protrusions 18 may be diverted into the positioning of
the second joint for serving for the authentication.

If the second joint is positioned, the finger
significantly protrudes from the authentication unit to
the side of the fingertip and thus a wider opened space

25 1s necessary at the side of the fingertip if the
authentication unit is mounted. In order to compactly
use the authentication unit, the use of the first joint

is preferable.



5 the light irradiation port 14. For example, a light emitting diode (LED) can
be used as the light source 3. A mold type LED shown in Fig. 20A may be
used or an LED of which an upper surface has a flat surface shape may be
used. The light source 3 may be completely embedded 10 such that the
upper surface of the light source 3 is Idcated at a position lower than that of

the casing 10, or the,uppgh sydace of fhae light-sourceisjocated.at, &5 4

position slightly higher than that of the casing. In the case where the light
sourgecisidompletélyrembeddet £ 15 ivispossible togeatizel avftetn the
authentication unit having small irregularities. In the case where the upper

surfa&8 ot e fight Sotircd 3 fs Ariountsd €6 44 18" SiightlS i5tottHe Hdm the

casing; aglistance betweenr the finger gnd thedight source isirrduced and
thus the 20 vein can be photographed although the amount of light output
from tHeelightdduree 3 islarnafinAeesidingly, iFisrpessiblelte,suppreésspower

consum Eign of t(?e Hnit. Hers inafter, the maynt go%iktlionlo.f tﬂ% Iight 25 5
sourc%m‘i»P will be els(,)crlebe& ?ne;theC aarﬁtf?eentlllcsaetlonaunit aeccolramg too%]écgresént
inventionethe lightsawmteshdsmauntedeat thedfrant,side afdbe fingesnlnithe
conventional finger vein authentication unit, since the - 12 light source is

mourftéd 4t thé upber SRe of tHe JaferaPside dr'the fitifer?aTasing for 2y
suppgitingthe light source at the, yppersside pribe datgralside pf.the fiager

was required. Accordingly, the unit

10 such that the upper surface of the light source 3 is
located at a position lower than that of the casing 10,
or the upper surface of the light source is located at
a position slightly higher than that of the casing. 1In
the case where the light source is completely embedded,

15 it is possible to realize a flat authentication unit
having small irregularities. In the case where the
upper surface of the light source 3 is mounted so as to
slightly protrude from the casing, a distance between
the finger and the light source is reduced and thus the

20 vein can be photographed although the amount of light
output from the light source 3 is small. Accordingly,
it is possible to suppress power consumption of the
unit.

Hereinafter, the mount position of the light

25 source 3 will be described. In the authentication unit
according to the present invention, the light source 3
is mounted at the front side of the finger. 1In the

conventional finger vein authentication unit, since the



5 thickened. If the light source is mounted at the front side of the finger, the
casing is not required at the upper side or the lateral side of the finger, and
thus the unit can thin. In the present invention, as described below, the light
source 3 is mounted at the 10 lateral side of the finger in order to reduce the
influence of the wrinkles of the surfacé of the finger. A plurality of wrinkles of

joints a1 fingeryints existip.the syriaceofthe fingers i, order {g increase the

authentication accuracy, the 15 influence of the wrinkles should be
suppressedaand odly dife Vein shoglethe elearh/iphotographedonténder toe
suppress the influence of the wrinkles, the light source is mounted in

consideratior’ SHHE ditGctidiTs BFHhE WirkieS “FbF examplé,in the case™

where the 20-directions oftheiwdnklesmareperpendiculanto the: fongitudinal
direction of the finger, the light source is mounted at the lateral side of the
fiRgelt s - pathfoftthe ightlitradiited from the ligheSoaice: mdithent

directions of rinkles become parallel. 25. Accordingly, since the light
et e inaiing SEer Wit Sallig it e el (. menks, it
is possitie ta phetegraphean émage in shieh dhe tnftueniceyof the mainkles is
suppressed. - 13 As described above, in the present invention, the vicinity of
the fi?’s‘f‘foiHPthfFeaﬁnﬁgﬂi%' ph%fbg}r%%h@ﬂeasr?dlfhelaﬁﬁf&ﬁf&%tioﬁsis

perfogped, THeqWEInKIES in the vieiity ofdhe dirskjoint a8 mOsty at the

10 1lateral side of the finger in order to reduce the

influence of the wrinkles of the surface of the finger.
A plurality of wrinkles of joints or

fingerprints exist in the surface of the finger. 1In
order to increase the authentication accuracy, the

15 influence of the wrinkles should be suppressed and only
the vein should be clearly photographed. 1In order to
suppress the influence of the wrinkles, the light
source 1s mounted in consideration of the directions of
the wrinkles. For example, in the case where the

20 directions of the wrinkles are perpendicular to the
longitudinal direction of the finger, the light source
is mounted at the lateral side of the finger. Thus,
the path of the light irradiated from the light source
and the directions of the wrinkles become parallel.

25 Accordingly, since the light reaches the imaging sensor
without colliding with the wall of the wrinkles, it is
possible to photograph an image in which the influence

of the wrinkles is suppressed.



5 perpendicular to the longitudinal direction of the finger. Accordingly, in the
present invention, the mount position of the light source is the lateral side of
the finger. In the image processing of the finger vein 10 authentication, the
brightness value of each of the pixels in the image is examined and the pixel
having brightness lower than those of-the peripheral pixels is extracted as

the vein. Accordingly, i order,o; perform high-ageuracy authentication, its

important 15 to irradiate a uniform amount of light to the whole finger such
that arhienage having lov blightnesst unevenness is:phétographéd. If only a
partial region is darkly 1};Jhotogra hed due to deflection when the light is
irradiRtee; 1HE 78Gion i3 r%is?gfer%)ﬁte}i%ré%fecﬁgéoanﬁ)Solgc?& VRE8&Awhen'tRe

image precassing is peEformedh ikigso 24A19 24k shovcan exampleoft 1
mounting the light source 3 and the light irradiation port 14 which are used
for phstegraphing the imagehivaving hé UdinbrigRthessturevennesse Figs.
24A tp 2f.gre views 23 showing the.casing 10.when vigwed fiom fhe upper
surface thereof. ﬁhoug the Yight source 3 may be mounted at ‘the left and
right sidestone by onenif tite tight canbe sbbrtadiatedHe thednger withie
sufficient brightness, it is preferable that a plurality of light sources are
mourftéd i the iiitudinal direction of the finger as shown in Fig. 24A or
Fig. 24B, in order tg further

image processing of the finger vein
10 authentication, the brightness value of each of the
pixels in the image is examined and the pixel having
brightness lower than those of the peripheral pixels is
extracted as the vein. Accordingly, in order to
perform high-accuracy authentication, it is important
15 to irradiate a uniform amount of light to the whole
finger such that an image having low brightness
unevenness is photographed. If only a partial region
is darkly photographed due to deflection when the light
is irradiated, the region is mistakenly extracted as a
20 Dblood vessel when the image processing is performed.
Figs. 24A to 24F show an example of mounting
the light source 3 and the light irradiation port 14
which are used for photographing the image having the
low brightness unevenness. Figs. 24A to 24F are views
25 showing the casing 10 when viewed from the upper
surface thereof.
Although the light source 3 may be mounted at

the left and right sides one by one if the light can be



5 improve picture quality. In this case, the light sources are uniformly
mounted at the left and right sides at an interval. Accordingly, the light can
be irradiated from the side of the fingertip to the base side of the finger with
uniform brightness. As 10 described below, it is efficient that the amounts of
light of the left, right, front and backligtt sources are independently

controlied, Since the sufficient light doesinat reach 1he side of ihe fingertip.
and the base side of the finger only by the light sources on 15 the lateral side
of thelfingers fhe dight sobroes23 e rprovided at thieysidesofuthedfingertip and
the base side_ of the finger such that the Iig1ht is irradiated  subsidiarily, as

showRIHFi§I24E. i the kB8 Witerdthe pitifsiity B light 25°sGres’s are

mounted;.as shownyin Biga 24F, alldhe2light squrees3rmay ke mounted such
that the interval in the vicinity of the central portion is than larger than that of
the inteRaP et sidersf thesfiigertip and thé basesside Bfthe finlger, instead

of the 25 completely same int?rval. In 1;Chisdau£heC tica{iolg unit 58S deg ribed
abovg,ot%recﬁot%a?aﬁﬁllﬁgoorﬁner%tigﬁlfg Serfoarme in aestgteaﬁw which the first

joint isiaigls oatthercentral pertion ofdhe graave 2. Sirca the + 15a skineof the
first joint is thin, the vein can be photographed using a smaller amount of

light cdrhpareéd SHit bter-prtivhss ActoFdiRgly: B% hiddhtpoiticn® 5tthe
“ght %qtggeéf?’ @E‘?eth@l%@id%%ﬁ‘%ﬁ%@% brightness. As

10 described below, it is efficient that the amounts of
light of the left, right, front and back light sources
are independently controlled. Since the sufficient
light does not reach the side of the fingertip and the
base side of the finger only by the light sources on

15 the lateral side of the finger, the light sources 3 are
provided at the side of the fingertip and the base side
of the finger such that the light is irradiated
subsidiarily, as shown in Fig. 24C.

In the case where the plurality of light

20 sources 3 are mounted, as shown in Fig. 24F, all the
light sources 3 may be mounted such that the interval
in the vicinity of the central portion is than larger
than that of the interval in the side of the fingertip
and the base side of the finger, instead of the

25 completely same interval. In this authentication unit,
as described above, the photographing operation is
performed in a state in which the first joint is laid

on the central portion of the groove 12. Since the



5 of the first joint as shown in Fig. 24F. Accordingly, strong light is irradiated
to the portions other than the first joint and slightly weak light is irradiated to
the first joint. Thus, the amount of light of the whole image becomes uniform.
10 The optimal arrangement of the light sources varies according to the
characteristics of an optical part used.for photographing. As described

belowy,in ordertg downsize 1he casing of the finger vein ayihgntication unit,
a short focus lens unit is 15 preferably used. However, the short focus lens
has aplpropernty thatithesinghtaessads sasceptibiettoodeteriprate-towerdethie
edge of the image. If the ghotograghin ogeration is performed bg usin

S

such %' éhs the brightiésd 8t a regioh Which 15 séparatsd 20 o the Eehter

ion wh

of thesimage, thagis; astegien docatede-at the sidesafdbedingertip o dhe hase
side of the finger, deteriorates. Accordingly, as shown in Fig. 24D or 24E,
the light $oircés Barelafrahged ctbserto ithefliphersifde amthrerdves side.

When the finger. is 25 laid .on the. arrangement, stronger light is.irradiated to
the Iateral S8 Ol Sie ot (e T A 6 Tardl Jdé o the b

side afitheffingar. Accardingly sthegnbole bidghtnessiaf the photagraphed -
16 - image becomes uniform. As shown in Figs. 24D and 24E, in the case
wheré thé ight $otices dretarranged at the side b the” Finbedtiy antl thease

side Q;htg?eflqgr%ggq%gg}atrnes uniform.

10 The optimal arrangement of the light sources
varies according to the characteristics of an optical
part used for photographing. As described below, in
order to downsize the casing of the finger vein
authentication unit, a short focus lens unit is

15 preferably used. However, the short focus lens has a
property that the brightness is susceptible to
deteriorate toward the edge of the image. If the
photographing operation is performed by using such a
lens, the brightness of a region which is separated

20 from the center of the image, that is, a region located
at the side of the fingertip or the base side of the
finger, deteriorates. Accordingly, as shown in Fig.
24D or 24E, the light sources 3 are arranged close to
the upper side and the lower side. When the finger is

25 laid on the arrangement, stronger light is irradiated
to the lateral side of the side of the fingertip and
the lateral side of the base side of the finger.

Accordingly, the whole brightness of the photographed



5 emitted from the light source may be guided to the front side of the side of
the fingertip and the base side of the finger. As described above, in order to
make the wrinkles in the vicinity of the first joint not to be conspicuous, the
irradiation from the lateral 10 surface of the finger is efficient and the light
should be prevented from being guidéd to the front side of the side of the

fingeqmag%d the base side of the finger. Accordingly, as shown in Fig. 24D, a
U-shaped wall 16 is mounted. Alternatively, as shown in Fig. 24E, the 15

wall 16 extends infthedongitudinal diyecticriof el figer. Accordinghysé is
possible to irradiate the light to only the lateral surfaces of the side of the
fingeMip°and the base'tid& B 1€ finger 20 ASSHown in Fiy. 20A thafight®
sourcesn3;are imornted atthe left and Light sides efithe-fingeria a idjrgction
substantially perpendicular to a finger rest. Since the finger has a round
shapemwitiere dielvednfrohe tHe: Bide b tire fingertilahevighedobifceds are

mounted 25 at.the lateral side, of the finger and the light can be, irradiated to
the Mo et o Bheet Mo e o o it Chee
Accogdiagly, the sentrast;of the veiniykvage s increased. Alihoughk the dight -
17 sources 3 are mounted at the outside of the finger in Fig. 20A, the light
sourced s ntdF b8 mMabnEd at'the nside ot the finget tat thersitle 19988 to the

groove, 12) ;Ageordingdly; itis possible 19 dpwnsize (e plly the 1ateral

10 surface of the finger is efficient and the light should
be prevented from being guided to the front side of the
side of the fingertip and the base side of the finger.
Accordingly, as shown in Fig. 24D, a U-shaped wall 16
is mounted. Alternatively, as shown in Fig. 24E, the

15 wall 16 extends in the longitudinal direction of the
finger.

Accordingly, it is possible to irradiate the
light to only the lateral surfaces of the side of the
fingertip and the base side of the finger.

20 As shown in Fig. 20A, the light sources 3 are
mounted at the left and right sides of the finger in a
direction substantially perpendicular to a finger rest.
Since the finger has a round shape when viewed from the
side of the fingertip, the light sources 3 are mounted

25 at the lateral side of the finger and the light can be
irradiated to the high position in the finger when the
light is irradiated upward. Accordingly, the contrast

of the vein image is increased. Although the light



5 Even in the case where the light sources are mounted at the inside of the
finger, it is possible to obtain the same effect as the lateral side irradiation
and photograph a clear vein image. The light sources 3 are mounted at
positions 10 separated from the groove 12. Accordingly, itis possible to
suppress the light input from the bottohi surface of the finger. The present

inventors, confirmed, that the lightjnpyt fropy,the; battam swrfacs of the sfinger
is reduced and a clear vein image can be 15 photographed if the distance
(C1 of Hg. 20A) between dhe endiofthe groove b2 andutheslighttsduree 3 is

equal to or %reater than_2 mm, as the result of examination which is

perfor@dBy Varicisly chafiging the mMoufit PositioRs of the Tight L6GFES 3.

20 Thelight sourees 381y, be mauntedslightly towvardiiheiipside,ef thei « .
casing as shown in Fig. 20B. Accordingly, even when a thin finger is laid on
the dasity 10, Alsufficient ahfoimt oidight ein eeitratiatedi® thelfidget. at

Alternatively, & pirally. 25 oflight sourges baying diferent mount aqoles,

the 1 h P S‘ﬁ
may be mounted and t urces 3 which are turned on may

changechaceording tadingess ta berauthentieateck sAceardinglynt is possible
to cope with fingers having - 18 various thicknesses. It may be possible to
adjust t° by Eortroliing i molint anglés of the light sources according to the

laid fingers. A refef%'écqwﬁ%er%ggégﬁg- :.I@Ircgr}t%%%@ed at positions

10 separated from the groove 12. Accordingly, it is
possible to suppress the light input from the bottom
surface of the finger. The present inventors confirmed
that the light input from the bottom surface of the
finger is reduced and a clear vein image can be

15 photographed if the distance (C; of Fig. 20A) between
the end of the groove 12 and the light source 3 is
equal to or greater than 2 mm, as the result of
examination which is performed by variously changing
the mount positions of the light sources 3.

20 The light sources 3 may be mounted slightly
toward the inside of the casing as shown in Fig. 20B.
Accordingly, even when a thin finger is laid on the
casing 10, a sufficient amount of light can be
irradiated to the finger. Alternatively, a plurality

25 of light sources having different mount angles may be
mounted and the light sources 3 which are turned on may
be changed according to fingers to be authenticated.

Accordingly, it is possible to cope with fingers having



5 pair of small pieces protruding from the pair of walls 16 toward the center
of the casing 10 in the substantial end of the side of the fingertip and the
substantial end of the arm side of the finger of the casing 10. As can be seen
from Fig. 3 showing the 10 front view of the small piece when viewed in a
direction denoted by an arrow of Fig. 18each of the small pieces 22 has a

tapergurface.22a ol which the height is decreased toward the genter side of
the casing 10. 15 When the finger is laid on the topside of the casing 10, the
fingepis guided@long she taperosurface 224 i the diredtion of tlee bottom
surface of the casing and is closelg/ attached to the casing. Accordingly, itis

possiBie o Brétient th& Sxtermat 20 iiHt fom being made incident from the

gap between the fingerandthe casirg 19 toihe asing of the authentication
unit. Fig. 4 is a cross-sectional view showing the configuration of the imaging

uRit. PRé imagirfgant PS5 sPowPiEigl dlingludezta tdss devieed3 dadldh

imagi ensor 3Q..The lens device 33 and the imaging sensor 30 are
BT ARG e BT Mook 4T oM e, TEveuas IEht e toward the
openingo2@ for- 29 puting traasmitied dight atter theykghtiisraghatedh érom
the light source 14 of Fig. 1 is diffused in the finger and is spread in the
whol& AR§ERATHE ferfs \ﬂéetﬁnﬁdﬂéssth@@trélrérﬁﬁfédflnger of the

casing 10. As can be seen from Fig. 3 showing the

10 front view of the small piece when viewed in a
direction denoted by an arrow of Fig. 1, each of the
small pieces 22 has a taper surface 22a of which the
height is decreased toward the center side of the
casing 10.

15 When the finger is laid on the topside of the
casing 10, the finger is guided along the taper surface
22A in the direction of the bottom surface of the
casing and is closely attached to the casing.
Accordingly, it is possible to prevent the external

20 light from being made incident from the gap between the
finger and the casing 10 to the casing of the
authentication unit.

Fig. 4 is a cross-sectional view showing the
configuration of the imaging unit. The imaging unit

25 shown in Fig. 4 includes a lens device 33 and an
imaging sensor 30. The lens device 33 and the imaging
sensor 30 are arranged along an optical axis 41 of the

transmitted light emitted toward the opening 20 for



5 light focus into an image on the imaging sensor 30 and the lens unit 38
including a first lens 34 at the finger side and a second lens 36 at the image
sensor side is supported and fixed by a lens casing 42. The first lens 34 and
the second lens 36 are received in 10 the lens casing 42 so as to face each
other along the optical axis. The first fehs34 and the second lens 36 have a

diameter of aboyt L, mmig 1.5 mm; ﬁ'é?ﬂ%’is§ﬂei5ﬁgk@£‘c§¥§i%ﬂ%b§&ing

a concave portion at the side 15 of the imaging sensor 30 and the second
lens is=orconvexlens having acconvexpadttion dt the fihgefsidel As the
described above, a reference numeral 24 denotes a regrion in which the

bottofn SfAcE df tHe §robva L2 Bf tHE c4SiRGLT oF e authentication unit
20 is configured amng dhe Opening 20408 inputtiag transmitteddightaf ghe
casing is closed by the IR filter 40. A reference numeral 26 corresponds to
the bt stirfaee ofthe casinga9e AcreféRehcenagimerals 25528 deRoterd
circuit poard fixed to the casing 28 and the imaging sensor 30, composed of a
charg%%o&ﬁl%% aré\l/itcep3 Céqué?%lggml%lefrlﬁérsl%argerﬁgta%x? eQChg
semiganductos (GMQIYissfixettondhe eircudoard: Ae 20aperipherad eircuit
of the imaging sensor 30 is provided on the circuit board 28. The lens casing
42 is fotfied i SHBIOW YIiRTRcAl£FapE Bodas i receive e fens urditss.

first lens 34 and the second lens 36 are received in
10 the lens casing 42 so as to face each other along the
optical axis.
The first lens 34 and the second lens 36 have
a diameter of about 1 mm to 1.5 mm, the first lens 34
is a concave lens having a concave portion at the side
15 of the imaging sensor 30 and the second lens is a
convex lens having a convex portion at the finger side.
As described above, a reference numeral 24
denotes a region in which the bottom surface of the
groove 12 of the casing 10 of the authentication unit
20 1is configured and the opening 20 for inputting
transmitted light of the casing is closed by the IR
filter 40.
A reference numeral 26 corresponds to the
bottom surface of the casing 10. A reference numeral
25 28 denote a circuit board fixed to the casing 28 and
the imaging sensor 30 composed of a charge coupled
device (CCD) or a complementary metal oxide

semiconductor (CMOS) is fixed on the circuit board. A



5 The end of the finger side of the casing 42 having the hollow cylindrical
shape is fixed to the lower surface of the bottom surface 24 of the casing 10.
The lens unit 38 has the short focus/wide angle lens characteristics by
combining concave-convex 10 lenses. Accordingly, the lens unit can reach
the finger which is a subject and anint&dge in a wide range can be input to

the imaging,sensor afthough e leps upit approaches thesinger. As,3 18sult,

a distance (conjugate distance) 15 LI between a finger bottom 46 and the
imaging serrsor 30 wan bezedueéd and the conjugate distance can be
included in a range of 5 mm to 12 mm by the examination of the ;l)resent

inventors. Accordingfy, e thicRR&8S ofthécasing'10 cah Be'teduddd. For

example,ieven 20 when the fipgekvew authentication unit-R0 isymounged in a
casing 52 of a folder type mobile telephone shown in Fig. 5, it is possible to
stppress theckrilargernent fthe mobile telephofé SEiRY 5'%3hd\ws by &he

example .and the finger. vein authentication unit 50 be 25 mounted in
o R e o o Ty e S TIHINSR
referenfce- numesak 48 denotesa jstdacusposiionand a.reference numeral

L2 denotes - 21 a just focus length between the just focus position in the

finger and the imabilfy $EAS0M30.5TRE 18RS dBRReS B3 AdVAITEEY i Fetreats

with respect ta.the imaging. senser 3Q sychbakthe st focus, pasition A8is

10 1lenses. Accordingly, the lens unit can reach the
finger which is a subject and an image in a wide range
can be input to the imaging sensor although the lens
unit approaches the finger.

As a result, a distance (conjugate distance)

15 L1 between a finger bottom 46 and the imaging sensor 30
can be reduced and the conjugate distance can be
included in a range of 5 mm to 12 mm by the examination
of the present inventors. Accordingly, the thickness
of the casing 10 can be reduced. For example, even

20 when the finger vein authentication unit 50 is mounted
in a casing 52 of a folder type mobile telephone shown
in Fig. 5, it is possible to suppress the enlargement
of the mobile telephone. Fig. 5 shows only an example
and the finger vein authentication unit 50 may be

25 mounted in another casing in which a key manipulation
unit 53 is mounted.

In Fig. 4, a reference numeral 48 denotes a

just focus position and a reference numeral L2 denotes



5 included in the finger, thereby adjusting the interval between the lens unit
38 and the imaging sensor 30. Since the just focus position can be set in the
finger although the distance (conjugate distance) LI between the finger
bottom 46 and the imaging sensor 30 is 10 reduced, the imaging sensor 30
shown in Fig. 4 can form an image cartesponding to the vein pattern in the

finger, %Q%S‘%r&‘%%_aﬁ’gxgtﬁ”%%%%&? shortfocus -and the wide angle are
described as the optical 15 characteristics of the lens unit, a focal length is in
a rangedromr@2 memtd 0=mimandrthesangleofibe objeet i200drmore. If

the foc$l Ienvgth is less than 0.2 mm, it is difficult to manufacture the lens unit

and, if th& FSEAI T8RS graat&than' BimAt B tite Gidtadce LIGPERY 4

cannetbe set to assufficiently small yalue.df the maxdmun angle ofthe
object is 100 or more, it is possible to acquire the vein pattern in a range of

16 maninliededcinity tdfehé it Joint BEtRCingen YA forder ta i proverthel25

vein auihentication aggiracy, (s preferghle thal g yein palern ighis
range Is acquired. It is prefera]bﬁe that the lens unit has parama? magnification
equaktbnefegtaater;than @04us22o0and eguat e opdesssthain0.dndf thenger

paraxial magnification is less than 0.04, resolution deteriorates and, if the
paraxialmagrificationds sgraxter t=i0 A9 & photodraphing arediecessary

for the finger bottom 46 and the imaging sensor 30 is

10 reduced, the imaging sensor 30 shown in Fig. 4 can form
an image corresponding to the vein pattern in the
finger.

As described above, although the short focus
and the wide angle are described as the optical

15 characteristics of the lens unit, a focal length is in
a range from 0.2 mm to 0.5 mm and the angle of the
object is 100° or more. If the focal length is less
than 0.2 mm, it is difficult to manufacture the lens
unit and, if the focal length is greater than 0.5 mm,

20 the distance L1 of Fig. 4 cannot be set to a
sufficiently small value. If the maximum angle of the
object is 100° or more, it is possible to acgquire the
vein pattern in a range of 10 mm in the vicinity of the
first joint of the finger. 1In order to improve the

25 wvein authentication accuracy, it is preferable that the
vein pattern in this range is acquired.

It is preferable that the lens unit has

paraxial magnification equal to or greater than 0.04



5 the vein pattern authentication may not be ensured. If the short focus lens
unit is used, as described above, the authentication unit can be downsized
in a height direction thereof, but the image obtained by the imaging sensor

30 is distorted and thus 10 the vein pattern may not be accurately extracted
from the image. The vein authenticatiof Unit has an image processing unit

for cogﬁ%pt' tg)f dj§_tqﬂiog @géhghiﬁa@q.ﬂhe present ingggg{appnfirmed that
the optical 15 distortion of the image can be corrected by the after-

mentichediimage processing sinittih arahg&lof 609% tot+40% by changing
the characteristics of the lens unit variously, Although the lens unit 39
InOUAES 616 TESes® 20T the exaRplE-Sr R, TS pledding@ntan is not
limited thereto andtheylens unipmaswinelide apedens orthree or mees-
lenses if the required lens characteristics are obtained. Fig. 6 shows the
iMmagé bbtained MAtHe2B imaghtg 5eAs6r 30 bedare ebrreeticn andFg. 7
shows an example of the image after the distortion.is corrected. The image
of Fig. 6 is obtaine§ b)t/q%'ﬁe gr}ﬁ%efngéggﬁgog %%Swﬁgﬁ%a 5ﬁn'ﬁesde%httaesr on
whichiagrid-shaped édnageth3 shaviagaicintenal ohidmanis printed is
mounted on the topside of the casing 10 of Fig. 1. If the distortion is
correfdd THé fhage Whithligtistortedtowtd ther perfiph8RFas Showrritcrig.

6isCQH@Q%%%H)H¥EHHgg§maging sensor 30 is distorted and thus

10 the vein pattern may not be accurately extracted from
the image.

The vein authentication unit has an image
processing unit for correcting the distortion of the
image. The present inventor confirmed that the optical

15 distortion of the image can be corrected by the after-
mentioned image processing unit in a range of -60% to
+40% by changing the characteristics of the lens unit
variously.

Although the lens unit 39 includes two lenses

20 in the example of Fig. 4, the present invention is not
limited thereto and the lens unit may include one lens
or three or more lenses if the required lens
characteristics are obtained.

Fig. 6 shows the image obtained by the

25 dimaging sensor 30 before correction and Fig. 7 shows an
example of the image after the distortion is corrected.
The image of Fig. 6 is obtained by the imaging sensor

30 when a printed matter on which a grid-shaped image



5 having the substantially uniform grid shape as shown in Fig. 7. A method
of controlling the correction will be described later. Fig. 8 is a graph showing
the distortion characteristics. The object height of Fig. 8 indicates 10 a
relative position from the central point (optical axis: 41 of Fig. 4) of the image
to the end of the image. For exampleZthe object height 1.0" indicates the

positign.offhe end gt the,image a{l%%%'@l’g%Ih@é%’nti%ﬁfﬁm#e@tfsoﬁbethe
position of 60% from the 15 central point (40% from the end). In Fig. 8,
referengesndmerdl 806 denoteg thd characteristics of thé fiestdens anitiand

802 denotes the characteristics of the second lens unit. The minus_ distortion

charactelftdsTinaicate that tHEFikel 520 distofted t8'the Centrat sitle ofthe
image andtheRlus sdistertionicharagteristics indicate-that the pixel isSmage
distorted in a direction separated from the center of the image. The distortion
(%) iSaviaige Ebfrespbatiiy: ZELtoy TISI Wik Tespéct tohthecoriginahpasition
the distance T" from the center) of the pixel and the positign. of the. pixe
(he Ginobs o Lettor el Lo T s e %)
confirmeed thate if theteptical distortion is less than -60%, the resolution of the

peripheral portion suddenly deteriorates and cannot be completely restored
although the corréction 6f the indgédistBRIIN RIpérGrmggtortion

characteristics. The object height of Fig. 8 indicates
10 a relative position from the central point (optical
axis: 41 of Fig. 4) of the image to the end of the
image. For example, the object height “ 1.0” indicates
the position of the end of the image and the object
height “ 0.6 indicates the position of 60% from the
15 central point (40% from the end).

In Fig. 8, reference numeral 800 denotes the
characteristics of the first lens unit and 802 denotes
the characteristics of the second lens unit. The minus
distortion characteristics indicate that the pixel is

20 distorted to the central side of the image and the plus
distortion characteristics indicate that the pixel is
distorted in a direction separated from the center of
the image.

The distortion (%) is a value corresponding

25 to “ T/S” with respect to the original position (the
distance “ T° from the center) of the pixel and the
position of the pixel (the distance “ 8 from the

center) after distortion. The present inventors



5 If the optical distortion is equal to or greater than +40%, the image in a
wide range needs to be processed and there is a problem in a processing
time. Accordingly, if the distortion between the first characteristics (800) and
the second characteristics 10 (802) is restricted, that is, if the optical
distortion is included in the range of -66% to +40%, the distortion can be

correctedeby fhey image proeessing Upit-As the charagteristics of the lens,
unit, it 15 is preferable that the brightness ratio of the maximum angle of the
object i a rarge ©f 1096 104094. Im¢heshoptfocas/widetangle denisiemity

as shown in Fig. 9, the brightness deteriorates toward the periphery of the

imagé.“26 1 #ig. 6 TrefdidnceMitheral U HERbESthe® Brightiess fatis" e
characteristics-efdhedirst lensunit rangd 992 denates the sepsitivily-fatio
characteristics of the second lens unit. For example, the sensitivity ratio 0.4"
indicates that the BrighthRsaris 4034 if25 tee blightridsscalithe center of the
image js 1,0',. The deterinration n the sensitivity of the short, focusfwide
angle’lens unit can be combensated“fact)?eby arranging the light emission side
in thecpetipherad s25 segionreitbeicasing 10Anchirtadiatipg dhe dighhfrom
the side surface of the finger as shown in Fig. 1. The present inventors
confirméd that'thie® Betétiorationin the sehsitivity 'h BE corperndisted fort

characteristics (800) and the second characteristics

10 (802) is restricted, that is, if the optical distortion
is included in the range of -60% to +40%, the
distortion can be corrected by the image processing
unit.

As the characteristics of the lens unit, it

15 1is preferable that the brightness ratio of the maximum
angle of the object is in a range of 10% to 40%. 1In
the short focus/wide angle lens unit, as shown in Fig.
9, the brightness deteriorates toward the periphery of
the image.

20 In Fig. 9, reference numeral 900 denotes the
brightness ratio characteristics of the first lens unit
and 902 denotes the sensitivity ratio characteristics
of the second lens unit. For example, the sensitivity
ratio “ 0.4 1indicates that the brightness is 40% if

25 the brightness of the center of the image is “ 1.0"

The deterioration in the sensitivity of the short

focus/wide angle lens unit can be compensated for by

arranging the light emission side in the peripheral



5 if the brightness ratio of the maximum angle of the object (the object height
is 1.0") is between the characteristics (900) of the first lens unit and the
characteristics (902) of the second lens unit, that is, if the sensitivity ratio is
in a range of 10% to 40%. 10 Accordingly, the imaging sensor 30 can receive
the vein pattern in the finger from theZegion of the maximum angle of the

object of the, lens it withuhigh agcuracy; Next, the;image prqgessing pnit of
the finger 15 vein authentication unit and the authentication function will be

descrithed.sRige 16us Saldlock diadgrant 1slyewingsthehcomfiguration example of

the image processing function of the finger vein authentication unijt. 20 A

central processing Uit (CPTYB0 STAFE ER itnage brolEssing progrim

recordeddn aomemaery 64, ande instructs adigifaksignsLprsasset {PSP) G4 to
receive the image from the imaging sensor 30, on the basis of the operation
oPthelfiséh THer CPILF BOT5 redeives thé bightiess datarsiieach piXet in the

imaging_sensor,30 from.the DSP. 62 and determines whether the finger is
i O a3 0 PTG 15 ot Tad o e caing 10738 g
externaklighireaches the imagingsenser 30 and the brighinessaf thespixel

is increased over a predetermined value. Thus, the CPU 60 determines that
the fifgerR TGt 1akt of the tagingforhe second lens unit, that is,

if the sensitivity ratio is in a range of 10% to 40%.

10 Accordingly, the imaging sensor 30 can receive the vein
pattern in the finger from the region of the maximum
angle of the object of the lens unit with high
accuracy.

Next, the image processing unit of the finger

15 wvein authentication unit and the authentication
function will be described. Fig. 10 is a block diagram
showing the configuration example of the image
processing function of the finger vein authentication
unit.

20 A central processing unit (CPU) 60 starts an
image processing program recorded in a memory 64 and
instructs a digital signal processor (DSP) 62 to
receive the image from the imaging sensor 30, on the
basis of the operation of the user. The CPU 60

25 receives the brightness data of each pixel in the
imaging sensor 30 from the DSP 62 and determines
whether the finger is laid on the casing 10.

If the finger is not laid on the casing 10,



5 Alternatively, as described above, the touch sensors may be mounted on
the small protrusions 18 and it is determined whether or not the finger is laid.
If the CPU 60 determines that the finger is laid on the casing 10, the
brightness of each pixel in 10 the image obtained by the imaging sensor 30
is checked and the amounts of light emftted from the plurality of light

irradiatign ports, 14 are separately.centrelied stich;that the brightness, 4

becomes uniform in the pixels. In more detail, the driving signals supplied to
the 15respedctive: hightssourcesavhichare iarramgec: is correspongdence with
the respective Iir$ht irradiation ports 14 are controlle% to correct the amounts

of light" RTtEa T th&Tight sources such that the AmoGhts 8 Tight eftfitted
from the.irkadigtion porisci4 are 20sontrlleds Heyginafter, light control will be
described in detail. Since the adequate amount of light varies according to
the widthsortheithickness ofdhé cindiesteddiniger, thecarounit of fightreeds to
be 25 con r%IIed for e%f;hogng%r in ordﬂ tophé)}o%ra h al_%legrrlgeilrkirqage.

u ns

For e%%p e, if the ﬁ%ckness of thsem%mge? is sma Il the brightness tends to be
highetecemparned wittea thick dingesanchthusithesamosnt ef 27 light is
decreased. Since in a narrow finger, a distance from the light irradiation

e
ports to the finger 5§ IaRercompdretPiviththatmn &mger Withfald/ge idth,
niSdygggtgytbﬁékgg§9£sa§%; the brightness of each pixel in

10 the image obtained by the imaging sensor 30 is checked
and the amounts of light emitted from the plurality of
light irradiation ports 14 are separately controlled
such that the brightness becomes uniform in the pixels.
In more detail, the driving signals supplied to the

15 respective light sources which are arranged in
correspondence with the respective light irradiation
ports 14 are controlled to correct the amounts of light
emitted from the light sources such that the amounts of
light emitted from the irradiation ports 14 are

20 controlled.

Hereinafter, light control will be described
in detail. Since the adequate amount of light wvaries
according to the width or the thickness of the
indicated finger, the amount of light needs to be

25 controlled for each finger in order to photograph a
clear vein image. For example, if the thickness of the
finger is small, the brightness tends to be higher

compared with a thick finger and thus the amount of



5 Accordingly, in order to irradiate a sufficient amount of light to the finger, it
IS necessary to strengthen the amount of light emitted from the light
irradiation ports 14. Even in the same finger, since the width of the side of
the fingertip and the width of the base 10 side of the finger are different from
each other, adequate light amountvaiues thereof are difficult from each

other; Aggerdingly. the lightyamount valug,of the, side, o the fingedip and the

light amount value of the base side are independently controlled.
Alternsittety, kS Gsimg thieecharalcteristicsdhat thenwidthtof the sitdle of itheer
fingert|$ is small and the width of the base side of the finger is Iarge the

amouirits of ight afe EHolled in advice Suéh thatdhié ambinfof Tgitof

the sideafitheifingestip is increased and-the amgunt 29 ofdheright of the side
of the fingertip, and then the base side of the finger may be simultaneously

contrélee. ert@thveM ifthéssarhe amsantseé lighteaniotiselp Baiagnt
irradia I|g t sources. for the flngertlp may be arran ed close the
side ofEe% ngertlngangtﬁgT‘ght sources f%rxthe %a%e S|de ofetrl}% cf%‘nger
may lﬁaearmmgﬂetfadsﬁwa)gffomam&base fside afttbefinger. Additonadlyoin
consideration of the positional deviation in left and right directions - 28 when
the fiRGETS 14t and YRE hbrizbhtal TRt Esyimisty orthessHdpe 8f-tHefirder,

itis preferablgthatths, dight ﬁ%%rltpVaAHés in left,apd,fight directigns are

independently controlled. On the basis of the

10 side of the finger are different from each other,
adequate light amount values thereof are difficult from
each other. Accordingly, the light amount wvalue of the
side of the fingertip and the light amount value of the
base side are independently controlled. Alternatively,

15 wusing the characteristics that the width of the side of
the fingertip is small and the width of the base side
of the finger is large, the amounts of light are
controlled in advance such that the amount of light of
the side of the fingertip is increased and the amount

20 of the light of the side of the fingertip, and then the
base side of the finger may be simultaneously
controlled. Alternatively, i1f the same amounts of
light cannot help being irradiated, the light sources
for the fingertip may be arranged close to the side of

25 the fingertip and the light sources for the base side
of the finger may be arranged far away from the base
side of the finger. Additionally, in consideration of

the positional deviation in left and right directions



5 unbalance of the brightness between the plurality of pixels, CPU 60
determines the non-symmetry of the shape of the finger, the positional
deviation in the left and right direction of the finger and the thickness of the
finger, and independently controls the light sources at 10 the left and right
sides of the finger, the side of the fingéttip and the base side of the finger. If

itis determingd that,the cqrrestign; of, the light amaqunt.is completed,, GGRU, 60
instructs DSP 62 to correct the distortion with respect to the image 15
photographed Hyathe infading sensoe 80. Theldistortiorredrrectioris the
performed by a calculation based on the above-described distortion
charactéfisticd " ALEordingdly Sthe distortioR tharadibristics of the Téns Uit are
previguslyabtainedihefore the shipmenbaf the-2@ finger vein authentication
unit, and the distortion characteristics are stored in the memory 64. DSP 62

crreefthedistortién diedehionthessirelrsithen irmageobtambthy tHe

imaging_sensor 30 by praperly referring to the distortion characteristics. 25 If
the B a s X5, Eero R aive TTO0N i lesid (e ahsel 1ba
corrected-akthei image such thad the pixel position toothel iMage ceat@r and

(optical axis) is corrected on the basis of the - 29 calculated result. If the
distortibAis pld€ Rkl piket positortistiirecte thithe dptical asis SdetAAd, if

the disfortion is minus, the, pixel posifion,is. carrectadina directign separgted

from the optical

10 the left and right sides of the finger, the side of the
fingertip and the base side of the finger.

If it is determined that the correction of

the light amount is completed, CPU 60 instructs DSP 62
to correct the distortion with respect to the image

15 photographed by the imaging sensor 30. The distortion
correction is performed by a calculation based on the
above—-described distortion characteristics.
Accordingly, the distortion characteristics of the lens
unit are previously obtained before the shipment of the

20 finger vein authentication unit, and the distortion
characteristics are stored in the memory 64. DSP 62
corrects the distortion of each of the pixels of the
image obtained by the imaging sensor 30 by properly
referring to the distortion characteristics.

25 If the distortion is X%, a correction value
(100/X) is multiplied to a pixel to be corrected of the
image such that the pixel position to the image center

(optical axis) is corrected on the basis of the



5 axis. As a result, for example, as shown in Figs. 6 and 7, the distorted
image can be corrected. CPU 60 stores the image after distortion correction
in the memory 64, and CPU 60 determines the tint of each of the pixels in
the monochrome image 10 after correction and extracts the vein pattern from
the corrected image (feature extraction). Since the infrared light irradiated

from the lightsaucedo e finger isabserbed tp emoglabin, in the,vein in a

process of being transmitted through the finger, while 15 the infrared light is
diffused®yl otheritissuesiso asrtoele spread irhvanous directisns, thede
transmitted ,Ipht corre,sgondin to the vein pattern reaches the imaging,
sensér30 via the fens dhit §§.l%nnthlesp&%?ur%gi&ﬁlgoﬁééﬁéngﬁ%lt%lt & Véin
patteen, siace the 20 transmitted:lightiueakens by ahserptien,.dpeical
monochrome image in which a region corresponding to the vein pattern
darkenisiis obtaet! by #ved imaditiy s&rstT30. GPUSE0detédtsthesveir
pattegnngom thc%emgncs)%%rrotrre]% irﬂg eearg:da pe fgrmg brigrér]ceetgc authentication
25 using thé detected vein pattern. A more etaif the vein pattern extracted
by the finger vein abthesticationdaitisaegisioredif-the memornyc64and the
personal authentication is determined by - 30 determining whether or not the
registe?éd efrt pattérn 8 makhetMothe Wy Sxratted Vet paftern. ththe

case where Jhe finger yein guthantication unitis mounted jnthe information

processing unit such as a

10 after correction and extracts the vein pattern from the
corrected image (feature extraction). Since the
infrared light irradiated from the light source to the
finger is absorbed to hemoglobin in the vein in a
process of being transmitted through the finger, while

15 the infrared light is diffused by other tissues so as
to be spread in various directions, the transmitted
light corresponding to the vein pattern reaches the
imaging sensor 30 via the lens unit 38. 1In the pixel
region corresponding to the vein pattern, since the

20 transmitted light weakens by absorption, the monochrome
image in which a region corresponding to the vein
pattern darkens is obtained by the imaging sensor 30.

CPU 60 detects the vein pattern from the

monochrome image and performs biometric authentication

25 using the detected vein pattern. In more detail, the
vein pattern extracted by the finger wvein
authentication unit is registered in the memory 64 and

the personal authentication is determined by



5 mobile telephone or is wired/wireless-connected to an external unit, CPU
60 notifies the information processing unit or the external unit of the personal
authentication result, and the information processing unit supplies a variety
of services such as e-commerce 10 or Internet banking to the user via the
notification. Although CPU performs & feature point extracting process after

distortiop.Gorreation in.the, apoye description, the distodipon carrection may
be performed after the vein pattern is extracted from the 15 image by the
features point @xtractingtprecess.lin this- cases sinceithecaurnben of pixelshe

which will be subjected to the distortion correction can be restricted to the
nUMBE Ot PIXEIE Corrsspondiitg to THe vail pattern: itis Possivie tbFeduce
the precessing ;20 time negessaty fohthe-distartiopcarraction.ehDSE 62.

Compared with the case where the distortion correction is performed with
respett’id bl the lsixelsntheonuiber L6 pikeis Aeeessary TOE e Eofrection

can be reduced to apou performing the distortion correction 25 after
exraginG HisTealis bort. ARBCLSh CRC 0. BSb €5 SR thg memory 64
are separatedy configuredhin thecexarmpleef Figh 0, dhie tpresest ueertion is
not limited thereto and a portion - 31 or all of them may be configured as one
ProcesSinyg Unit 4 the cas8Where?the figer ViR r Aathemticatish device is

'“OWHEQQ“é@%ﬂﬁ?@QaQOOariety of services such as e-commerce

10 or Internet banking to the user via the notification.
Although CPU performs a feature point
extracting process after distortion correction in the
above description, the distortion correction may be
performed after the vein pattern is extracted from the
15 1image by the feature point extracting process. In this
case, since the number of pixels which will be
subjected to the distortion correction can be
restricted to the number of pixels corresponding to the
vein pattern, it is possible to reduce the processing
20 time necessary for the distortion correction of DSP 62.
Compared with the case where the distortion correction
is performed with respect to all the pixels, the number
of pixels necessary for the correction can be reduced
to about 1/8 by performing the distortion correction
25 after extracting the feature point.
Although CPU 60, DSP 62 and the memory 64 are
separately configured in the example of Fig. 10, the

present invention is not limited thereto and a portion



5 processing unit such as the mobile telephone, the image processing and
the authentication may be performed using CPU of the information
processing unit, instead of providing CPU 60 in the authentication unit. A
portion or all of the image processing and the 10 authentication function may
be moved from the information processing unit to the server. The vein

patteg.data may he registereddn dhe sepvet instead, of Staring e yein

pattern data in the finger vein authentication unit or the information
processirig unit. 15 In the case where the vein pattern is registered in the
finger vein authentication unit or the information, ]Processing unit, the vein
pattern is encrypted'ahdtheR Sfedisietéd 'sb°as ABPT bEFAd by other

persons: Nexti anenbodigantdn whighthe vein 20adithentication Upit
according to the present invention is applied to a mobile telephone will be
déscrityed i dietdil UAS desefibed alidve, Tiee Ve aatienticationtbaitinage
according to the €?reasneopt irﬁ\éentlilocr%lggg shorten a dist%nece beyver%ne the

bottom of the finger and 1f“he 25 |mag|ng];L %%%%8? andthus can be received in

the mobilegtelephomet kig. 1dfvisma plam vievs o asnabile telephonet wawhich
the vein authentication unit 50 is received - 32 near a hinge of the mobile

telepRdn& 52V Eig 1858 a® RghP sidecvieWrthierédreand ®ig “TLE is afront
view thereof, In,ordersto easily allgy the ysgr.to knqy the  existence of the

vein authentication unit, the casing
10 authentication function may be moved from the
information processing unit to the server. The vein
pattern data may be registered in the server, instead
of storing the vein pattern data in the finger vein
authentication unit or the information processing unit.
15 1In the case where the vein pattern is registered in the
finger vein authentication unit or the information
processing unit, the vein pattern is encrypted and then
registered so as not to be read by other persons.
Next, an embodiment in which the wvein
20 authentication unit according to the present invention
is applied to a mobile telephone will be described in
detail. As described above, the vein authentication
unit according to the present invention can shorten a
distance between the bottom of the finger and the
25 imaging sensor and thus can be received in the mobile
telephone.
Fig. 11A is a plan view of a mobile telephone

in which the vein authentication unit 50 is received



5 10 of the vein authentication unit slightly protrudes from the flat surface of
the cover of the mobile telephone. As shown in Fig. 12, the user can lay the
vicinity of the first joint of his/her index finger on 10 the vein authentication
unit 50 while grasping the mobile telephone 52 by his/her right hand. It is
preferable that the front end of the Veif? authentication unit is provided at a

positign of abqut,, 3em sepacatedfram the,froniend of the mopile s ;5 4

telephone such that the vicinity of the first joint of the flnger to be
authenticated isifitted intotthenaid  authentigatidn Unitswhilg graspingdhe
mobile teleghone As shown | in Fig 13 the veln authentlcatlon 20 unit 50

may b8 prévidled ndarthe openoeqe 8R4 of tRé b bileSelEpHone 52 "Elen

this cagesitds qurefarable that the frantand etthe weinn authentication;unjt is
provided at a position of about 3 cm from the opened end of the mobile

telepRéne 25thbstantialfy ebrespondingtoia distanée friohy tive ofirgetep to
the flrtsté)om égf th flnger Sl%ﬁh that thﬁﬁflrstéomt of Ehedflnger to, lie

authenticate tted into the vein authentication unit while grasping - 33
the mobiledetephone by his/her one hand. Fig. 14 is a cross-sectional view
taken along line XIV-XIV of Fig. 11A and Flg 15 is a cross- sectional view
taken along line X¥EXS thEPedf? Thed - the user can lay the

vicinity of the first joint of his/her index finger on

10 the vein authentication unit 50 while grasping the
mobile telephone 52 by his/her right hand. It is
preferable that the front end of the vein
authentication unit is provided at a position of about
3 cm separated from the front end of the mobile

15 telephone such that the vicinity of the first joint of
the finger to be authenticated is fitted into the vein
authentication unit while grasping the mobile
telephone.

As shown in Fig. 13, the vein authentication

20 unit 50 may be provided near the opened end of the
mobile telephone 52. Even in this case, it is
preferable that the front end of the vein
authentication unit is provided at a position of about
3 cm from the opened end of the mobile telephone

25 substantially corresponding to a distance from the
fingertip to the first joint of the finger such that
the first joint of the finger to be authenticated is

fitted into the vein authentication unit while grasping



5 state in which the finger vein authentication unit is integrally received in the
mobile telephone 52 is shown in Figs. 14 and 15. The same reference
numerals as the above-described drawings represent the same members
and thus the description thereof will be omitted. 10 LEDs 72 are embedded
in the casing of the mobile telephone 52, through-holes 74 are formed in the

casing 10 ina directionperpendicular; o the width direction of the LEDs from
the tops of the LEDs 72, and the through-holes 74 are connected to the
irradiation 15 port§ 14. Nearisfrared:light-emittecbfromn theekEDskpassésng

throur%kl1 the th(]o_LrJ}%l\}ho[fes 74 and advancer,from the irradiation orts 14
toward the finger: Sinée the Ialt 16 18 provitidd in thé Vidinity of the bottom of

the fingeralongithe:lengitudinal diregtion of the20:finger. the kght itradiated
from the LEDs is introduced from the side surface of the finger into the
fiRgesovérctherwdll 16} THeelightiagsdueed from the side siiface of tthies

finger, {5 diffusd n the finger,ang 3 partion 25 hereaf ransinits tigughihg
vein so as 10 reath the imaging sensor 30, and the ehs unit 3§ forms an
image ncarresponding:ia the bload yessekpatierikortheutransmitted light

on the imaging sensor 30. - 34 In Figs. 14 and 15, a reference numeral 70
denofs d SUPPB MEBRTbErTBr ity thePleRs Cising 225 i thé'eiretit board

28 and 3 refarenge numeral 76 ip, Eig. 15 denetes.a mempey for supporting

the circuit

10 LEDs 72 are embedded in the casing of the
mobile telephone 52, through-holes 74 are formed in the
casing 10 in a direction perpendicular to the width
direction of the LEDs from the tops of the LEDs 72, and
the through-holes 74 are connected to the irradiation

15 ports 14. Near infrared light emitted from the LEDs
passes through the through-holes 74 and advances from
the irradiation ports 14 toward the finger. Since the
wall 16 is provided in the vicinity of the bottom of
the finger along the longitudinal direction of the

20 finger, the light irradiated from the LEDs is
introduced from the side surface of the finger into the
finger over the wall 16.

The light introduced from the side surface of

the finger is diffused in the finger and a portion

25 thereof transmits through the vein so as to reach the
imaging sensor 30, and the lens unit 38 forms an image
corresponding to the blood vessel pattern from the

transmitted light on the imaging sensor 30.



5 board 28 to the casing of the mobile telephone 52. In Fig. 14, since the
LEDs are positioned on the side surfaces of the finger, the width of the
finger vein authentication unit is increased by the existence of the LED on
the both sides of the finger. 10 In contrast, in Figs. 17 and 18, the LEDs
which is positioned on the side surfacé&s of the finger is moved to the central

side of the finger angd the,bottem gide of the, finger such thaf the,width of the

finger vein authentication unit is reduced. 15 While, in the finger vein
authetticatien unitshiowrtimeigse t4fand 15xtheglightgérerated byrthes 2
LEDs is guided to the irradiation ports 14 via the through-holes 74 formed in

the caSing! Buf tHeiigft GeREFated By the LED 1" Guided t'thé trradiatibh

ports20;hy adight.guide 99 indhsdinges veinguthenticatione upit:shown in
Figs. 17 and 18. The light guide is provided in the wall 16 formed on the flat
strfabeof the § EDs ahd Hasiga fightskieriihg fanétidieahditasa tapered

surface 92 25 in w. icr}the sipg surface inckhe gﬁgneter directiog of thcgz vein
. . .1 1g. s/, S1NCe S .are Os1 one n
authentication unit is sloged as becoming close To the sufface of the mobile

telephore towardsther atder cifcumierencgsside aidhe mabile telepbone, as -
35 shown in Fig. 17. The radiated light introduced from the LED into the
bottof8Giface of thé HGREGhite 90 98 diiidéd afong tHe taisstetisurtiate 92

and ig gnutied -frogythe, end;surface. 94 of the, light,guideformeddn ae

10 In contrast, in Figs. 17 and 18, the LEDs which is
positioned on the side surfaces of the finger is moved
to the central side of the finger and the bottom side
of the finger such that the width of the finger vein
authentication unit is reduced.

15 While, in the finger vein authentication unit
shown in Figs. 14 and 15, the light generated by the
LEDs is guided to the irradiation ports 14 via the
through-holes 74 formed in the casing, but the light
generated by the LED is guided to the irradiation ports

20 by a light guide 90 in the finger vein authentication
unit shown in Figs. 17 and 18.

The light guide is provided in the wall 16
formed on the flat surface of the LEDs and having a
light shielding function and has a tapered surface 92

25 1in which the side surface in the diameter direction of
the vein authentication unit is sloped as becoming
close to the surface of the mobile telephone toward the

outer circumference side of the mobile telephone, as



5 rectangular shape to the side surfaces of the finger in the surface of the
casing 52 of the mobile telephone. If the light guides 90 are used in such a
way, the light can be guided toward the light irradiation ports at the side
surfaces of the finger 10 along the light guides although the LED light source
is provided on the side of the bottom 3arface of the finger. In addition, since

the shapg, of the #ight iFadiatipnpqris, of thelight.guidesmay have & om

rectangular shape instead of an annular shape shown in 15 Figs. 14 and 15,
the lightecarbe unifornily irradiated to1theside Surfaces oflthe dinges. Pig. 19
shows another embodiment of the finger vein authe%[ication, unit. While the

protrsiofs T T8A iRdicdafing the fr&oMt of thé Hnger profitide 20°BWardthe

fingerrsige inthe ambadimentshown in Fig- 1; the pretiusions I8Asprotrude
toward the inside of the width direction of the casing 10 in this embodiment.
Whiler et smail isieces 2RA for gulidingitie fingértswardthehgrobiedside is

form dhwith tth 25 taper Q surfaces as hO\%ln ig Fig. g.irﬂ th% ove-
descerzlgbeed %Irlnrbgcﬁrenent, ieeta%aesrég %ur%c%s a%reeforr%efﬂ in a‘curved %ﬁépe
according to the ounterwircumigtenee iskape of the-fingerinithis embadiment.
- 36 Next, the shape of the wall 16 for photographing the clear vein image

will b8 Hescribedlih Jaetafie Eid 20A S aYidR B iHe HifthéAfiEation unit of the
enﬂxgﬂqgﬁq§99ggl@J@gSZg@h@ggkgqggfgﬂgfg%es of the finger

10 along the light guides although the LED light source is
provided on the side of the bottom surface of the
finger. 1In addition, since the shape of the light
irradiation ports of the light guides may have a
rectangular shape instead of an annular shape shown in

15 Figs. 14 and 15, the light can be uniformly irradiated
to the side surfaces of the finger.

Fig. 19 shows another embodiment of the
finger vein authentication unit. While the protrusions
18A indicating the first joint of the finger protrude

20 toward the finger side in the embodiment shown in Fig.
1, the protrusions 18A protrude toward the inside of
the width direction of the casing 10 in this
embodiment. While the small pieces 22A for guiding the
finger toward the groove side is formed with the

25 tapered surfaces as shown in Fig. 3 in the above-
described embodiment, the tapered surfaces are formed
in a curved shape according to the outer circumference

shape of the finger in this embodiment.



5 side of the fingertip. Figs. 21A, 21B, 22A and 22B show other
embodiments of the walls 16. As shown in Fig. 20A, in the authentication unit
of Fig. 2, the width of the wall 16 is substantially equal to the distance
between the light 10 irradiation port and the groove 12. The wall 16 may be
provided close to the light irradiation pott with a small width as shown in

Figs. 21A and 21B; Accordingly;a poins for supparting thefinger is moved
outward. Since the finger has a round shape, the 15 finger can be laid at a

lowerpesitiom dfcthen guppertingepoint ¢ movetbeutward. Pecdedinglhf sihcen
the height of the wall is increased relative to the finger, the,licght can be |
irradiated’to only’the high’ position 1 the Fihger “ACESTARGIY 7t s BBsSible to
20 acglirend clearein dmagen Asrshowm in; Figs..224A and228, thecsidewall
may be formed in a curved shape according to the outer circumference
shapé oithe finger. Acécoidifigly,-sinBé Jthe édntact aFea bétween thefinger
and ing wall 15,25 ingieased e effectoflagking the light o the bottom
surface of the inger Is increased, The position where the finger is laid
becomes stable. The kight.soureer3i is.mpounied at arheight inend7 cwhichnthe
position of the upper surface of the light source 3 is equal to or less than that

of the*tipper Surfate 6fthehasing 1o. Atcbrd@ingh: thé Cirreularities of the
aU”“%E@@HQHé%HE§§3@&U@Pdto the distance between the light

10 dirradiation port and the groove 12. The wall 16 may be
provided close to the light irradiation port with a
small width as shown in Figs. 21A and 21B.

Accordingly, a point for supporting the finger is moved
outward. Since the finger has a round shape, the

15 finger can be laid at a lower position if the
supporting point is moved outward. Accordingly, since
the height of the wall is increased relative to the
finger, the light can be irradiated to only the high
position in the finger. Accordingly, it is possible to

20 acquire a clear vein image.

As shown in Figs. 22A and 22B, the sidewall
may be formed in a curved shape according to the outer
circumference shape of the finger. Accordingly, since
the contact area between the finger and the wall is

25 increased, the effect of blocking the light to the
bottom surface of the finger is increased. The
position where the finger is laid becomes stable.

The light source 3 is mounted at a height in



5 If a sufficient amount of light can be irradiated to the finger, a portion of the
upper surface of the light source 3 may be covered by the wall 16 or the
casing 10. For example, as shown in Figs. 23A and 23B, if a portion of the
light source 3 is hidden under the wall 10 16, the light source 3 may be
mounted close to the inside (the side bf the groove 12) of the authentication

unit. Accondingly, it is possible o .Jownsize the autheaticgtion, unif.; Figs. 16A
to 16C are views showing an 15 embodiment of a finger vein authentication
unit isowhich & filter 2800f vivicha fagisg ratio of the light Masiesracoording

to the rergion is mounted. Flsg 16'61 E]s a cross-%e,ctiO{lal view of the unit, Fig.
16B i€ H oAt vidw therest-aRd Fig. 16ESHowWS e fiter 230. The 20 fading

ratio ef-the lightds high ina deep salorLegionand s low in alightcalateq.

region. If the vein is photographed by the authentication unit in which the
light ddureess fnbtinted orrtherside Sutfagetofthe firfyerasshewadn S Fig.
16B, the brightness value of the photographed image s increased in-a
region Hose (T et SEkih e HociAb o Do ey o dr
image.cAecerdingly;as shewreinebigo 1 64, dhe dilter 1 880 230rHs magntes

between the finger and the imaging sensor 30. Accordingly, the amount of
light reachif th& a1y sBRs6F 38 beconed Binifért iftHe 46ff andf right

regiop of the finger and the 6ante@l (egiokand 1; ggen under the wall

10 16, the light source 3 may be mounted close to the
inside (the side of the groove 12) of the
authentication unit. Accordingly, it is possible to
downsize the authentication unit.

Figs. 16A to 16C are views showing an

15 embodiment of a finger vein authentication unit in
which a filter 230 of which a fading ratio of the light
varies according to the region is mounted. Fig. 16A is
a cross—-sectional view of the unit, Fig. 16B is a front
view thereof, and Fig. 16C shows the filter 230. The

20 fading ratio of the light is high in a deep color
region and is low in a light color region.

If the vein is photographed by the
authentication unit in which the light source is
mounted on the side surface of the finger as shown in

25 Fig. 16B, the brightness value of the photographed
image is increased in a region close to the light
source and is decreased in a central region of the

image. Accordingly, as shown in Fig. 16A, the filter



5 thus the vein image having the uniform brightness on the whole image can
be photographed. Sensitivity control such as a gain or a shutter speed of
each image may be performed by the imaging sensor 30, instead of
mounting the filter 230. By decreasing the sensitivity 10 of the pixel located at
the light source side and increasing tRé sensitivity of the pixel of the central

region sthe; same effect asthe-case oE mayniing the; filter 230.can,ge

obtained. Although the lens unit includes two groups of 15 two lenses in the
above@escribed .embodiment; $hg lensarntmaytincludeione lersiohthree or
more lenses if the required Iegs characteristics can be obtained. An otr)g'gct to

which fife vBR“AUReRti&fion “iniP 36881 ding 16 H1& Prédent nverition 7
applied i, 20-aat inited tera=mohilgdtelephone,and snay be appliecha yvatety
of information processing units such as a personal digital assistant (PDA), a
nételdtkstypee persehdltarip ey {PC) L The Yinge? Veir abtidrtivation unit
of the present jnvention is not limited to the 25 information processing unit
and o S ohrial 25 SomBOE Oy S AU codaar st ibugh the
protrusian is previdad ds the «easing assthenndicatingdaeans foe mdicatingythe
- 39 position where the first joint of the finger is laid, the present invention is
not liMfted'tReRstd EHA'aSigH 5Fa markdhdtatingsthe ﬁé)sitidﬁ? Wifete tAé first

joint Héﬁﬁ%ﬁHQeEﬁéagiﬂFgéb§§§?d-By decreasing the sensitivity
10 of the pixel located at the light source side and
increasing the sensitivity of the pixel of the central
region, the same effect as the case of mounting the
filter 230 can be obtained.
Although the lens unit includes two groups of
15 two lenses in the above-described embodiment, the lens
unit may include one lens or three or more lenses if
the required lens characteristics can be obtained.
An object to which the vein authentication
unit according to the present invention is applied is
20 not limited to a mobile telephone and may be applied a
variety of information processing units such as a
personal digital assistant (PDA), a notebook type
personal computer (PC). The finger vein authentication
unit of the present invention is not limited to the
25 dinformation processing unit and may be mounted an
automobile or an access control unit.
Although the protrusion is provided in the

casing as the indicating means for indicating the



5 Although the finger vein authentication unit in the above mentioned
embodiments is provided on the topside of the mobile telephone, the finger
vein authentication unit may be mounted on the bottom surface of the mobile
telephone or the side surface or 10 the front surface of the mobile telephone.
Although the front side of the fingerisiaid~ on the casing 10 and the vein on

the froptsideof the. fingenis photographed in the aboyesdescriped, ;5 g,

embodiments, the side surface or the back side of the 15 finger may be laid
on thélwasing $6rsuchrthat therauthenticatiomis- performed using the: veirvof
the side surface or on the back side of the fjngher. In particular, in the case

wheré thé bBek'sidé Of tie filtyeris photographed TE veitT can b clédr) 20

photagraphed whep the photographing.is peyfermed in a state of bending the
finger. Although the vicinity of the first joint of the finger is photographed in
the above-describedteaisBuliments, ithesviciviity of ahé keebhdgbirtof the 25

finger. ar a.part other than the joint m e used for authentication. T
e B B ot it to
the aboye-tesctbednradhormbodiaients.clt shouldkbe furber uaderstood by

those skilled in the art that although the foregoing description has been
mad@&ﬁ@ﬁﬁé&ifﬁéﬁig dfrfﬁé may be mounted on the bottom

surface of the mobile telephone or the side surface or
10 the front surface of the mobile telephone.

Although the front side of the finger is laid
on the casing 10 and the vein on the front side of the
finger is photographed in the above-described
embodiments, the side surface or the back side of the

15 finger may be laid on the casing 10 such that the
authentication is performed using the vein of the side
surface or on the back side of the finger. 1In
particular, in the case where the back side of the
finger is photographed, the vein can be clearly

20 photographed when the photographing is performed in a
state of bending the finger.

Although the vicinity of the first joint of
the finger is photographed in the above-described
embodiments, the vicinity of the second joint of the

25 finger or a part other than the joint may be used for
authentication.

The embodiments are only exemplary and the

present invention is not limited to the above-described



5 invention, the invention is not limited thereto and various changes and
modifications may be made without departing from the spirit of the invention
and the scope of the appended claims. - 41 - CLAIMS: 1. A finger vein
authentication unit comprising: a casing on which a finger is laid; a light
source which irradiates infrared light td’said finger; an imaging unit which
imagesavgindmage of a biometric body on an imaging side by the light from
said light source; a groove opened in an imaging direction of said imaging
unit; and an imag€ cakelufatioh brit fvhich processesstheodeiryimage émaged
by said i |ma%|ng unit, wherein sald light source is mounted on a front side of

the fifigérand ehiitd the gt toWrdthe " Sidd sUrfsces 6F e fidger. 2. The
fingerveinawhenticatioan yoitaceondingn te glaiey khowherein a light shielding
wall is interposed between said light source and said finger. 3. The finger
veéin duthenfication Uit dceording o ERaifr?, whetdinddidsight shiztding wall
is prowded on a,p osition of e fr n%and the back in e lon tudln

direction of the fa 3?|%ger and/or the smiae surtace tﬁ’ereof j%hejﬁnger vein
authemticationrunittaceoreiRg spirit of the invention and the

scope of the appended claims.



to claim 2, wherein a wall in which the position of the outside of the laid
finger is higher than that of the inside of the finger is formed by said light
shielding wall. - 42 5. The finger vein authentication unit according to claim
4, wherein said light shielding wall has a curved shape. 6. The finger vein
authentication unit according to claim®t, wherein a wall is formed on said
casing; hetyveen the laid finger and said light source, along a longitudinal
direction of the finger, and a protrusion is formed on a portion of said wall. 7.
The finger vein authenticationvanit agooiding itoaglamn 6;wiHereimsaids ing:
protrusion is a guide for guiding the finger to a specific posijtion or a touch
sensor. 8. The fingervisin sUth8nii€atich tinit H¢6Fding {6'¢faim 1, wherein

said groove has asize which preventsthenlightfrembeing dirradiated from
said light source to the groove by said laid finger. 9. The finger vein

authehtigatioh uritaccdraig 1o claim 1, wherein a plurality of light sources
are provided in thae vi(l:irgg%of sa&q1 ggoo%e.cjho.i}l'n%e ggggr y,%iln alitIQaen(teicgi;ﬁion
unit according to claim 1, wherein the ﬁgﬁt source is mounted on & side of a

fingedip-archathase sisieyolthesfingetaand ghehnthisides of theygroquesrd 1.
The finger vein authentication unit according

said light source;

a groove opened in an imaging direction of
said imaging unit; and

an image calculation unit which processes the
vein image imaged by said imaging unit,

wherein said light source is mounted on a
front side of the finger and emits the light toward the
side surfaces of the finger.
2. The finger vein authentication unit according
to claim 1, wherein a light shielding wall is
interposed between said light source and said finger.
3. The finger vein authentication unit according
to claim 2, wherein said light shielding wall is
provided on a position of the front and the back in the
longitudinal direction of the laid finger and/or the
side surface thereof.
4., The finger vein authentication unit according
to claim 2, wherein a wall in which the position of the
outside of the laid finger is higher than that of the
inside of the finger is formed by said light shielding

wall.



to claim 10, wherein a light shielding wall is interposed between said light
source and the laid finger. 12. The finger vein authentication unit according -
43 to claim 11, wherein said light shielding wall is provided such that the
light source located at the side of the fingertip is prevented from emitting the
light in the direction of the fingertipofthelight source and the light source

located at the baseside of the. fingey is prevented-rom-emjfting the light ip,

the base side direction of the light source. 13. The finger vein authentication
unit accordingmtol claimel, anherein @ plugdlity of saidilight seurtesaare:
included, the plurality of the light sources are provided on the left and right
sides0FtheTaid  #iger, and the plurality of the light sources are arranged at

the same interval in.therrespestive sides,: 4nThefinger viein authentication
unit according to claim 1, wherein a plurality of said light sources are
included, the idturality’ be tive light sGdrkesaréoafrafged @ahe I16f antbright

sides of the finger, and . the_interval between the light sources in the central
ortAL O (e ok hg 1 IS et ot et S of N FGGS ahd the
base side;ot thei fiager in ¢he respeativensidesndbrThedingeryeit rusion
authentication unit according to claim 1, wherein a plurality of said light
sources AréTicludad andtthelplirality of the %ght sources are

7. The finger vein authentication unit according
to claim 6, wherein said protrusion is a guide for
guiding the finger to a specific position or a touch
sensor.

8. The finger vein authentication unit according
to claim 1, wherein said groove has a size which
prevents the light from being irradiated from said
light source to the groove by said laid finger.

9. The finger vein authentication unit according
to claim 1, wherein a plurality of light sources are
provided in the vicinity of said groove.

10. The finger vein authentication unit according
to claim 1, wherein the light source is mounted on a
side of a fingertip and a base side of the finger and
the both sides of the groove.

11. The finger vein authentication unit according
to claim 10, wherein a light shielding wall is
interposed between said light source and the laid
finger.

12. The finger vein authentication unit according



independently controlled. 16. The finger vein authentication unit according to
claim 1, wherein a neutral density filter of which an attenuation factor of the
light varies according to - 44 a region is interposed between the laid finger
and the imaging unit. 17. The finger vein authentication unit according to
claim 1, wherein a plurality of light soutées having different irradiation

directions. arg provided,and.a light spuregyhich is twngd on is changed
among the light sources according to the laid finger. 18. The finger vein
authenticationdunitatcardaty toecldiny it whereiresdiddmaging uinithincledes
an imaging sensor and, performs sensitivity control of each pixel in said
imagitl Salisor E8Tha inger VT BUHTEhticatBn-UHiE RoBSIciRG tbrSidim 16,
wherein said sensitivity songrol ds, perferpaed by gainadiustment apd/era
shutter speed. 20. An information processing unit having a finger vein
autheriti¢afibh flAeticn hetaforhratitt protessingafitcsmprising: Efinger

guide.on which a finger iz laig; %Qﬁh&%‘i‘é’&eﬁ"’hﬁ%‘e‘”f‘f'é%tesi“ ntincluding
mfrareérh%%t; an n%aglng unit which images 'a vein image of a |ometr|cabody
on arsiagingrside yrthedighidramgsaiddight seurce; and an image
calculation unit which processes the
13. The finger vein authentication unit according
to claim 1, wherein a plurality of said light sources
are included, the plurality of the light sources are
provided on the left and right sides of the laid
finger, and the plurality of the light sources are
arranged at the same interval in the respective sides.
14. The finger vein authentication unit according
to claim 1, wherein a plurality of said light sources
are included, the plurality of the light sources are
arranged at the left and right sides of the finger, and
the interval between the light sources in the central
portion of the laid finger is larger than that on the
side of the fingertip and the base side of the finger
in the respective sides.
15. The finger vein authentication unit according
to claim 1, wherein a plurality of said light sources
are included and the plurality of the light sources are
independently controlled.
16. The finger vein authentication unit according

to claim 1, wherein a neutral density filter of which

an attenuation factor of the light wvaries according to



vein image imaged by said imaging unit, wherein said light source is mounted
on a front side of the finger and emits the light toward side surfaces of the
finger.

- 44 -
a region is interposed between the laid finger and the
imaging unit.
17. The finger vein authentication unit according
to claim 1, wherein a plurality of light sources having
different irradiation directions are provided and a
light source which is turned on is changed among the
light sources according to the laid finger.
18. The finger vein authentication unit according
to claim 1, wherein said imaging unit includes an
imaging sensor and performs sensitivity control of each
pixel in said imaging sensor.
19. The finger vein authentication unit according
to claim 18, wherein said sensitivity control is
performed by gain adjustment and/or a shutter speed.
20. An information processing unit having a
finger vein authentication function, the information
processing unit comprising:

a finger guide on which a finger is laid;

a light source which irradiates light
including infrared light;

an imaging unit which images a vein image of
a biometric body on an imaging side by the light from
said light source; and

an image calculation unit which processes the
vein image imaged by said imaging unit,
wherein said light source is mounted on a front side of
the finger and emits the light toward side surfaces of

the finger.



