- 1 - FINGER VEI N AUTHENTI CATI ON UNI T AND | NFORVATI ON PROCESSI NG UNI T
Field of the Invention The present invention relates to a
finger vein authentication unit and an infornmation processing unit
usi ng the sanme, and nore particularly, to a 5 technol ogy of

downsi zing a finger vein authentication unit. Description of Related
Art Anong various security technol ogies, a finger vein
can realize high-accuracy authentication. Since 10 finger vein

aut henti cati on uses a finger vein pattérn in a human body, excellent

aut henti cati on accuracyFﬁﬁﬁmbg?#gahEﬁggtﬁﬂglnggﬁgﬁﬁ%ﬁ the finger

vein authentication is nore difficult as conpar that in
fingerprint authentication.infbusariadvansegdssecunitlty 15 can be
realized. As a conventional exanple of this type of
finger vein authentication, for exanple, a bionetric authentication

appar atus discl gsed, i P- A- 2006- 155575 i s known. The bionetric
agghentication gﬁ%ﬁ%ﬁ uéh "VReT Uides a | i ght source for emtting
light to be transmtted iy eugherd fihg&IionaRe1dWmGI RY ANt gEpr i magi ng
the light transmtted through the finger, a finger detection neans
for detecting t¥eir eheh¢itigetiexiwts amd @anpiefetratbmad ogessiion, a

fi nger region unit using the same, and more particularly, to a

5 technology of downsizing a finger wvein authentication

unit.

Descripticn of Related Art

Among various security technoleogies, a finger

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

in a human bedy, 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



extraction neans for extracting a region occupied by the finger from
an image i maged by the imaging unit, and a gain changi ng neans for
changing an anplification factor of imaging sensors in the imging
unit on the 5 basis of a picture quality of a specific region within
t he extracted region. The finger vein authentication has
an advantage that the authentication unit can be downsized as
conpared with other bionetric authentication 10 net hods. However,
recently, by the spread of el ectronic €omrerce or an online bank
using a small-sized informtion device such as a nobile tel ephone, a
finger veln aut Rer1GALT ORI Eoneeds=Fo 5> L ITer SUOURST 280 S0 as
to be applied tond hengsBltresi g80inklel DEQfSMbL Othd@MbgEng The bi onetric
aut henti cati on apparatus disclosed in JP-A-2006-155575 is of an

i magi ng type whieh caaiobigiraioptiamak frmlcheyaiofy sheandiidipatt@r n

wi t hout bei ng igf&%png§dh£yign g;%%ggai %yiggnn%nt 20 varjation, in
the i maging of the Tinger Vein patrern by The"1HadsHitt &8 Fight, but
the downsi zi By wisitsherauthienticsati-0nt ARPALALYSC S cNoLgdesatibed.
Summary of The Invention Accordingly, an object of the present 25
invention is totlpr G¥itdected rageen-vei n aut hentication unit which is

applicable to a snalI-S|ﬁgpfgg%hp%E§Hcgﬂﬁgn€igggbkehi§g%phone, and an

i nformati on processing 1

advantage that the authentication 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 cobtain optimal quality of the vein pattern
without being influenced by an external environment

20 wvariation, in the imaging ¢f 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 invention 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



unit using the sane. According to an aspect of the
present invention, there is provided a finger vein authentication
unit including a light source which 5 irradiates light to a finger,
an imagi ng unit which inages a vein image by the light which is

di ffused and transmtted through the front side of the finger, and an
i mage processing unit which processes the imge, wherein the |ight
source is nounted on the front side 10 of the finger and emts the
light toward the side surfaces of the 3¥inger. According to
the present invention, it .is_possible to provide a finger vein
authgntication ﬁ%ﬁiqﬁ??ﬂ'%méﬁaT?'size and hi gh accuracy, which is
capabl e 15 of being applie@d-bonq t9ahl agiezedof NfRr pBEiHN processi ng
unit such as a nobile tel ephone, and an information processing unit
usi ng the same. invention, thegphby RyByEded 2 férganw ¢siand advant ages of

t he invention mé&hmggggﬁgd%pgg{egkc romthe.f H]%g%g %giggscrlptlon

of the enbodi nents © I'nvention ?aﬂghaiﬁl%onjunc lon"wWth the
acconpanyi ng sdr amdigste8riight Desar icphédn ah Semgngl uMiewsigf Drawi ng
Fig. 1 is a perspective view of a finger vein authentication unit
according to a ¥1a9$t entroidi Aeage & PBe tHignpresient 1f midfrsen and

transmitted through the front side of the finger, and

an image processing ;nit which processes the image,

wherein the light source is mounted on the front side

10 cf 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 wvein
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. 2 is a perspective view showing a state that a finger is laid on
the finger vein authentication wunit. Fig. 3 is an enlarged view of a
smal | piece of the finger vein authentication unit of Fig. 1. Fig. 4
is a schematic cross-sectional view of 5 the finger vein

aut hentication unit. Fig. 5is a perspective view of a
nmobi | e tel ephone in which the finger vein authentication unit is
fixed. Fig. 6 is a view showing an imge 10 (distortion) obtained by

an i magi ng sensor. Fig. 7 1s a view showing a correction
image after corpecting the distortion of the inage obtained by the
i magi ng sensor. Fig. 8 is a characteristic view show ng

a 15 rel ationshi p bet weemi¢g@an3ob;j ect eheighia andy disstogddianp{ e
Fig. 9 is a characteristic view showing a relationship between an
obj ect hei ght affl BebfiHFRMESSET ratpgrbicat ibengnifnief . F1g. 1.

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. & 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 cbject 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 cf 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 authenticetion 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 telepheone in which the finger wvein



20Fig. 10 is a hardware bl ock diagram of an imge processing unit of
the finger vein authentication unit. Fig. 11Ais a plan
view of a nobile tel ephone in which the finger vein authentication
unit is fixed, 25 Fig. 113 is a right side view thereof, and Fig. 11C
is a front view thereof. Fig. 12 is a perspective view
showi ng a state that the nobile tel ephone in which the finger vein
authentication unit is fixed is grasped by one hand, according to the
first embodi ment of the present inventfon. Fig. 13 is a perspective
vi ew showi ng a t he nDblle eIe hone whi ch ge finger
vein authentlcat|%%§ﬁgf%p?¥l Pxed ras e rﬁﬁponeyh%ﬁﬁhaﬁ tordi ng

to a second enbedidmnhqgofo tre p{ﬁﬁﬁeahbédBM%ﬂtléihthe present Fig.
14 is a cross-sectional view taken along 10 line XIV-XIV of Fig. 11A
Fig. 15 is a cré’¥&ndééesional view taken al ong Iine XV-XV of Fig. 11A

Figs. 16A to 16C are vi W nhg an_enbodi ment a finger_ vein
authentication unit in 1 %M1?chls guf?%ﬁé% Ehsi Y FF?Yl“g gss?ﬁnfnted

Fig. 17 is ascross: sacthanak viewneheaif ivnger el mlagame@ahcatl on
unit including a |light guide for guiding light generated by a |ight
source (LED) to2#ienEdaeliinn onitpdrt fofedh igagiarnped 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. 15 is a cross—-sectiocnal 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
velin authenticaticon 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



20Fig. 18 is a partial cross-sectional perspective view of a finger
vein authentication unit including a |light guide for guiding |ight
generated by a light source (LED) to an irradiation port of a casing.
25Fig. 19 is a perspective view of the finger vein authentication
unit according to the second enbodi nent of the present invention.
Figs. 20A and 20B are cross-sectional views of the finger vein
authentication unit of Fig. 2 when viewed fromthe end side of the

finger. Figs. 21A and 213 are cross-seg¢tional views of a light
shiel ding wall gecording to the s ) enbod ment r esent
| nventi on. SECRLTE s VeiﬁAauanﬁnng %P8 0 tséﬁsg]c‘i‘lg *Vi ews of

a light shieldi gews lFrascoidibng diGleaot hirded rephodi ment of the present
invention. Figs. 23A and 233 are views showing an 10 exanple of a
position where a li ght sowsce2is amuAtBdire cross-sectiorfFlggie@dA to

24F are a top view qf..2. casing; g ok, feSel i NG JNg,RosILign where the
| i ght source is noun

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 inve;tion.

Figs. 23A and 23B are views showing an

10 example cf a position where a light scurce 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,



Det ai | ed Description of The Invention 15Next, enbodi ments according
to the present invention will be described. A finger vein
authentication unit in an enbodi nent includes an inmaging unit for
irradiating light fromlight irradiation ports 14 nounted on the
front side of a 20 finger into the finger and i magi ng an i mage based
on the light, which is diffused in the finger and transmtted through
the vein, and an imge processing unit for extracting a vein pattern
fromthe inage and perform ng personal 7aut hentication. 25In order to
al l ow t he inagiggeqﬂhhogf #he finger vein auth&&}%ga&ion uni.t to

clearly pick up an iage of A finger Verh Paltern ©n°t he i ey

portion, the faklow rgnepticeal icondieli ongenesdsdrasbersatisfi ed. As
one condition, infrared light reflected fromthe skin surface of the
finger is not iRagedByehet kagiHgoaniis nok {mdasdcbnditts dmaginaot
satisfied, the | e af the finger vein pattern includes
unnecessary in?%?%ht?gné%ssﬁfF% es 6?Iyﬁesgﬁ}%ﬂfﬁrf%%%lgfg?ﬁg

finger, and tshushe h@G@EES/diRCheATarnASnanchenncnrdistipn, infrared
l'ight diffused without reaching a depth in which the finger vein
exists is not ihdigedabyon P Heliiwgi A§ Whei ki fsuripse cgndhei on is not
satisfied, the %{glg%rednéié%h% vggég%edqg§ not i cludeughe i nformation
of the finger veirm pattern deteriorates the contrdsT-0f" the finger
vein pattern. 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 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 prowvided
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 grcove 12 is narrower than
that of the finger. A user lays his/her finger so as

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



Fig. 1 is a perspective view of a finger vein 15 authentication unit
according to an enbodi nent of the present invention, which includes a
cubi cal 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

aut henticated and an optical systemis provided 20 in the topside of
the casing. In the case where a short focus/w de 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 do i L, a .t hi i iQn., . . The
wi dth of the grggﬁéggﬂb?%'ﬁ%r?gagg%?ﬁggt%hg?gilgi ég?%ﬁﬁ%FFa% user
| ays his/her finger che BisgHtoieomBrattibe mhekel grmeavieed 2msnhshowe in
Fig. 2. Accordingly, it is possible to prevent light emtted from
the |ight irrad?%?ﬁb&nfb%ﬁrs°£4e>h%f&ﬁﬁédlmtt Recrsicgéngfdimisetiy nger or

external [|ight -hej difrec Lrradiated t he surface of the
front side of t%%gghgﬁﬁgg¥)%%gt%%%SFéﬁggt?%.%grﬁc%lgﬁé%{Fgﬁt

refl ected from theesunh ate gtodhe 1N Ng@mcestiedugad, rdfzck:5e0ossi bl e
to photograph a_clear vein i mage. A rectangular opening 20 for

i nputting transhitt &8¢ FgHeceromttRef $19vgetsi sedredi dédiFn a 10

bottom surface 24 9f,,Lhe, g)gjﬁgg&a%%. a%eeia]%f (/(fg}r ed transm ssion filter

(IRfilter) is nmounted In't port. R ITtl(ran‘rag%locks ext er nal
light, such as solar |ightreatshdulght o@fhiagf dacreseenittiagp,
unnecessary for authentication and Erevents dust fromentering into
t he transmitted light from the finger is provided in a
10 bottom surface 24 of the groove 12. An infrared
transmission filter (IR filter) is mcunted 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 intoc 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 directien 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 opaque 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



15 aut hentication unit. A reference nuneral 16 of Fig. 1
denotes a wall having a relatively small height and protruding to the
finger side. This wall is forned in a strip shape in a |ongitudinal
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 [aid on the topside of the
casing 10 such that the finger is prevented frombeing shifted in a
hori zontal direction. The wal | 16 is-rr%ld'e 25 of a materialh vvhllclh ils
opaque with res t | nkrare Acc in te al so
hgsqa function P% d]btl(% etﬁg %1 dwp Jﬁacﬁ ?ro%t y of
the |ight irradsadd (Emlrlﬁé)cEé s.afléharﬂla]@gedlm%ahﬁf Qﬁ%eﬁot&@&eoﬁftﬁehe top
surface of the casing to the side surface of the finger instead of
the bottom of tBEEF9™geff tbe LhehY |lgh¥la<-‘ias lﬁﬁé@eqtnélréferﬁhef soHe t he si dfe
surface of the g Qnpgne r eachi n ortion o
the finger vmth%%%%ectogtto tEHn ei'n pa hécr noto be p 0 Cglgr phed is

i ncreased. Sisnceeguebraideilreciedihhghtvicampasant whichk deteriorates
picture quality is reduced based on this, it is possible to

phot ogr aph a cl et Frahsmis Pé@ltqqrg‘ﬁb@d 13055#3131-‘96}39@61“@@@5511‘81 a

protruding to the.fil r |nas ect.an ular shaeareforrred
in a substantia fcggﬁtlrl por tion  of I}lﬁ% Gt quéalns lpﬁg

| ongi t udi nal di&eqatiicenis H&auswlﬂasaaaﬁrt &&hensltlassl%é/selbh@ ifndicate a
first joint of the finger. The user |ays
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 of the wall 16 in the
longitudinal direction. The small protrusions 18 serve
to indicate a first Jjoint 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 protrusicns 18. Thus,. a vein pattern located in
the vicinity of the first Jjoint 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 authenticaticn, 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



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 inmagi ng 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
inthe vicinity of the first joint of 1bhe finger is useful for 25

hi gh-accuracy bjo |dent| |c tion. Th| s 1S because the skin in
the vicinity of Jc]f‘ahe i nC?and "THud St \P(‘éﬁsﬁi'iil 19 QdseRptible to
be viewed. The smadd Jaﬂﬁ)ttrusmnsmlg%rnﬁé’ I:Q%uﬁ‘ﬁwhtr%@ 8bnthcROosidd @n
where - 10 - the fingertip is laid as well as the position of the

first joint. Thelyisgsy ¢% perioughuchntistcbheartsiwibh <f pharal ity of

poi nts such thahthe 05|t o? of th? Lf;c':hn ger IS stabj Ilzed Touch
sensors nay be nD he*Smal PU Pt SEFERTDASY 185 "REEEFUi Mgl y, it

i s possible o ﬂeet%ﬁtan f',l_ﬁﬁot&‘h@lcfdsng@r icacauiatel ve & doon:i e
casing 10 and photograph the finger. Thus, the indicating position of

the finger can %@3d§ttaétIﬁ@édthfnoflmlqerf4mgeFU€mlbelpICE\¢entleej from

bei ng phot ogr aphed i nl&o ) s}ja,;te of ehen EFE)lar ated fromthe unit.

The openi ng 20 For "nputting ¢ FaRent t t T ha8%f g exanpl e, a

rect angul ar shapeiikavimng p%@laicﬁﬁ o\ﬁhtlﬁi@ ﬁaeef Ut b he: dyTege.d ninhe
vicinity of the first joint of the finger. For exanple, the

rectangul ar opefiingi2eef @ani hputrevagt<b frpansyingt potdoghphdraviong a

| ong side d hort si de 1 ovi de
Thegvei n i g%?he Vsltglgnl 3 % @85%&6 ofrpﬁqh %}fe Fl)”Hétfl ﬁfg‘@r opgning

susceptible to zb;ef\zsteﬂﬁﬂm@@ﬁ@rtdiaagmiﬁetdh@l@b@\h%sde% icRed,T£agon.
Therefore, the small 20 protrusions 18 may be diverted into the
posi ti oni ng of i9f&asg¢aid SP@Pwhaf'engs@rwrﬁg #¥hgrcht fen dwphenthecat i on.

It the second Jf%a%% iS JﬁDSLEé{¥1 Ety%ef ngt 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 wvicinity 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 1is necessary at the side of the fingertip if the

authentication unit is mounted. In crder to compactly
use the authentication unit, the use of the first joint

is preferable.



significantly protrudes fromthe authentication unit to the side of
the fingertip and thus a wi der opened space 25 is necessary at the
side of the fingertip if the authentication unit is nmounted. |n order
to conpactly use the authentication unit, the use of the first joint
is preferable. - 11 - Fig. 20Ais a cross-sectional view show ng a
position where a light source 3 is nounted when the casing 10 of Fig.
2 is viewed fromthe side of the fingertip. An infrared |ight source
3 is enbedded in 5 the light irradiatildn-port 14. For exanple, a
light emtting diode (L o be used as the light .source 3. A nold
type LED shown in Fig. Eg%?'rrggp‘bles Gs&8°07 23R LES of 10hi ¥WVART dbper
surface has a fladitswhf agershapesimyohecdiseds JhgtkhoiMersoyLce 3 my
be conpl etely enbedded 10 such that the upper surface of the |ight
source 3 is |ocartirdatPachddioti dnid gheved Hanmt Hat sofle tdfe tbasi ng 10,

or the upper surface of the lLight source is |located at a pqsjition
slightly hi gher%ﬂ?aeﬁttlﬁat 5t 1phernsd Eh@‘.‘: FRUEFD a8 MR E L He i ght

e casl

source is conpl ehely gapbaddedat I bhri S1POSLPI L tP1£ 0l HZgn@ T at
authentication unit having small irregularities. In the case where
t he upper surf ageltgfinghdéiddegHiEBogroeb8 Ussdnpurithedl sohtasotocs|3i.ght | y

protrude fromthe siLh di st ance bet n the finger and the |ight
source is reduc%dnog%dw U Phe" o8 V8 lgc\gﬁgﬁemaﬁ'h&eo@g%?pﬁéda%llﬁﬁough

t he anount of _ |d.>agmhi@h|te_l}utupf3é\9rﬂtir}i§céi%t aSOHICQu3rk & %lﬂgiaé ‘may
Accordingly, it is possible to suppress power consunption of the
uni t. Hereinaf tleg useHe rdentipysistizore 6f nehebd iqghpletely embedded

10 such that the upper surface of the light scurce 3 is
located at a position lower than that of the casing 10,
cr 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. 1In 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
cutput 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 socurce 3
is mountied at the front side of the finger. 1In the

conventional finger vein authentication unit, since the



25 source 3 will be described. In the authentication unit according
to the present invention, the light source 3 is nounted at the front
side of the finger. In the conventional finger vein authentication
unit, since the - 12 - light source is nounted at the upper side or
the lateral side of the finger, a casing for supporting the Iight
source at the upper side or the lateral side of the finger was
required. Accordingly, the unit 5 thickened. If the light source is
nounted at the front side of the fingéR2 -the casing is not required
at the upper side qr the lateral side of the finger, and thus the
unit can thin. ?hgq E°PF E3 et P AVEHL Fbn-PadPBEs Yioed Bdiow, t he
light source 3 istdmunted: atr the AiQgkal ef alsshdeef sthie Adingemnd n
order to reduce the influence of the winkles of the surface of the
finger. lightAsphugalatt yhefupmer nkddes cof theilat sralr sfidaget prints
exi st in the sugﬁgqgnof the finger. In order to increase the

aut henti cati on accurady” 1Re I8 1550 uehc@ 8" ¥he WPFnkliEs shoul d be

suppressed and omldkehbe. veimntshoul s beogleat L ynphet 9arapRedeJp or der
to suppress the influence of the winkles, the Iight source is

mount ed i n consf{dEr afi e dinphe dibeectsiowgs iefndtheeuninskd es. tieor

exanple, in the case where e 20 directjons of the winkles are
perpendi cul ar t &FHetThgit Eg? nﬁﬁteéﬁ[e%]tc{eoﬁf of"% HE"FTTg8PY HHE 1 ght

source is nounted ahit hed aheral 151 dee QfrebBs: fiiRg8E i onThUs, the path
of the light irradiated fromthe |ight source and the directions of

t he wri nkl es be@gﬁggibggéﬂqlew, 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 surface of the finger.
A plurality of wrinkles of joints or

fingerprints exist in the surface of the finger. In
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 is mounted in consideration of the directions of
the wrinkles. For exampile, 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 scurce
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 photeograph an image in which the influence

of the wrinkles is suppressed.



25 Accordingly, since the light reaches the inmagi ng sensor w thout
colliding with the wall of the winkles, it is possible to photograph
an image in which the influence of the winkles is suppressed. - 13
- As descri bed above, in the present invention, the
vicinity of the first joint of the finger is photographed and the

aut hentication is perfornmed. The winkles in the vicinity of the
first joint are nostly 5 perpendicular to the |ongitudinal direction
of the finger. Accordingly, in the pridésent invention, the nount
position of the light soyrce_is..th ateral side of the finger. In
the i mage processing of gflsnéi%fsf:ﬁbtéerde\‘?lé?‘ﬁe'1dna§}t‘%§ﬁtef38%’iilgﬁfnghoé”

bri ght ness val uen®fvieash: olort bge pivtet sidimtt be dHmGends: gxanm ned and

t he pi xel having brightness | ower than those of the peripheral pixels
is extracted asPiteveprrc Agdoblel mykeniiraoiderist pepbyfredm The

hi gh-accuracy authentication, it.i.S i rtapt 15.to irradiate a
uni f or m anount %lflnl(?{l%ﬁt“f g%thlc 1ol & %Ql)gcélgr Jr:Jlsrusc IPRAE 45 i“%@éf havi ng

| ow bri ght ness péannessad $ophwd aghgphednal faanrky:é, par thal region
i's darkly photographed due to deflection when the light is
i rradi at ed, thef¥@§ron dscopisrakeniy ext pacted dsvani2@nhl e vessel

when the i mge praocessi IS r.f or med. . i gs. . 24A to 24F
show an exanpl erp%lfn %%?E?Lr?n ?ﬁgtqei %E?ndtsosﬁ%%e Saﬁaetllr%é:%lrﬁbh?l ©

irradiation pords Hdewhierare used for photographing the i nage having
t he | ow brightness unevenness. Figs. 24A to 24F are views 25 show ng

the casing 10 when vi ewdd fhemmdse ppprssssug fefcéhe heimaet. vein
B eouan ! hoo,  AheRPHLAS 7 BN D APUILST. 2 BE LA g, LT on
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 regiocn
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. Z4A 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



- 14 - irradiated to the finger with sufficient brightness, it is
preferable that a plurality of Iight sources are nounted in the

| ongi tudinal direction of the finger as shown in Fig. 24A or Fig.

243, in order to further 5 inprove picture quality. In this case, the
| ight sources are uniformly nmounted at the left and right sides at an
interval. Accordingly, the light can be irradiated fromthe side of
the fingertip to the base side of the finger with uniform brightness.
As 10 descri bed be|OMl it is efficientt4that the amounts of |ight of

the left, rlght d ck I| urc are i endentl
control l ed. Sint&d (ﬁggsgpt|0|en ghtrﬁbeg?gﬁff?Eagﬁ“$ﬁ86§?ﬂe‘of t he
fingertip and the haserghde gkt tettelttag&ry QRl ¥i ¥ E£B&-delsghte sources
on 15 the lateral side of the finger, the Iight sources 3 are
provided at thetsirdedotn tihe fempidndipahrrdrehelidrasé shadddéiofet ve finger
such that the light is ira ted subs |atil as_shown in Fig. 24C
In the case mher%athe pi ‘tF ? yTof Pld%&gzbnsjﬁ?fego FUF8hount ed, as

shown in Figs 24froakl pidierki gl isour ces :3; eyadhe muntgd: such that
the interval in the vicinity of the central portion is than | ar ger

t han that of th%Pqnﬁﬁer@@ﬂ uppfeE ysingentefd ehetifs Agér tamel anghit he base
side of the fin er, stead of the 5 (of0) tely s interval. In
thi s authenticati on unllllggerescrl éﬁgggy Fﬁ@ Eﬂ%Fo@?%dﬁtng

operation is peff:auiBeed FranStiat @ika cvmltoata tNgehtisted ehbtnds laid

| 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 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
providaed 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. 1In 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



on the central portion of the groove 12. Since the - 15 - skin of
the first joint is thin, the vein can be photographed using a snaller
anount of |ight conpared with other portions. Accordingly, the nount
positions of the |light sources 3 are the outside of the position 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 anount of

| i ght of the whole i nage becones unifdém 10The optimal arrangenent
of the light sources _ varies according tqQ the characteristics of an
optical part us&df&f gﬁ%f%ﬁfgpﬁ?ﬂﬁ.9%§SH€SCF?%éﬁlBéFHWPein order to
downsi ze the caghdi@g@bphdie vki RGeS s¥eh NealUtBent iFatl O Wikbarsy Short
focus lens unit is 15 preferably used. However, the short focus |ens
has a property vHat other marghemess Arsosiisgépt i thleembortdebet  ormat e

toward the edge of .the,i e. |If the photographi ng_operation is
perforned by us?%&hfughgha@%gﬁgfei eaﬁ(%)itg'ﬁt %%E%d& gg heegP8_ﬁlWﬁ”ch i's
separated 20sfrombBercent gbiff dshenbide, ridato ks, A doegi o ocat ed
at the side of the fingertip or the base side of the finger;
deteriorates. Ateord hgdht, iasistsoated th ghe 2Dtopn24Ehet highdn ght
sources 3 are arranged clase to the upper sjide and the | oqwer side.
When t he finge?UF%Qggs?érﬂngan%glé?? ggﬁﬁﬁffggfrﬁﬁdéFaﬁf@ﬁ¥iis
irradiated to thethateral shoe of thhe shdeamdudhesfingertinand the
| ateral side of the base side of the finger. Accordingly, the whole
bri ght ness of tHwlphoroty &phetks uniborm.i mage becones uni form

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. 1If the
photographing operation is performed by using such a
lens, the brightness of a region which is separated

20 from the centexr 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 1laid 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



As shown in Figs. 24D and 24E, in the case where the |ight sources
are arranged at the side of the fingertip and the base side of the
finger, the light 5 emtted fromthe Iight source nay 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 winkles in the
vicinity of the first joint not to be conspicuous, the irradiation
fromthe lateral 10 surface of the finger is efficient and the |ight
shoul d be prevented from bei ng gui ded 1to-the front side of the side
of the fingertip and the base, side of the finger. Accordingly, as
shown in Fig. Zg‘ffgeabﬁ-cgrﬁ%ﬁpéﬂl&%lf’?' 16 is nounted. Alternatively, as
shown in Fig. 24E the 15 w@bln1f exhendss Dnbhhes, 0ngitidi-nal
direction of the finger. Accordingly, it is possible to
irradi ate the |vigite toeohightt heutatserad asuphaeestofht heidei de tofe t he
fingertip and the base side of the finger. 20As shown in Fig. 20A,
the |ight source8'B 4B HUAPEPEE FhYF 196 £RanT Norghtt s déghof t he
finger in a dirggid@n sphstanti y endj,c - fipger rest.
Since the finger has a round shgégg \?\h&glﬁ?%v?lg\%\e%g %E%?ng% %eo IstP%e of the
fingertip, the frgitt ssdrircdesh8 wirde nmouwteedi@dematipt hed |takebade Si de of
the finger and the light can be irradiated to the high position in
the finger when®14fe®fi gt S89%7 r adPalBiF dpRArEPVAe cH FFAGF yE© t he
contrast of theyyugl @hé%%kh@s'iqprtﬁésﬁqzinﬁ“c;rpwgﬁet_@lerét! 9btye - 17 -

sources 3 are nmounted at the outside of the finger in Fig. 20A, the
| i ght sources 3namyoblee npuistéchats,t tiee iinghdeatofont heord ithgelafeaat1t he

si de cl ose t% t he fgr oove 12). . Accor,dLegtgfI,y,. it is Eossi.bl e to downsi ze
the unit. 5'BvetP5HACER Cae™ Wfsrelt I IFGRIE S00r Eoy 1drBE nthtivted at

the inside Of_ t}mae_pfr-la{?&?d’ed_ if}orh Sl S(%LQJd%dt Oo Otl?ltea!fgoﬁéq%légn& %ELeCt as
the lateral side irradiation and photograph a clear vein inage.
side of the fingertip and the base side of the finger.

Accordingly, as shown in Fig. 24D, & 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. 204, 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 scurces 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



The light sources 3 are nounted at positions 10 separated fromthe
groove 12. Accordingly, it is possible to suppress the |Iight input
fromthe bottom surface of the finger. The present inventors
confirmed that the light input fromthe bottom surface of the finger
is reduced and a clear vein image can be 15 photographed if the

di stance (Cl of Fig. 20A) between the end of the groove 12 and the

| ight source 3 is equal to or greater than 2 nm as the result of
exam nation which is perfornmed by vafﬂdusly changi ng t he nount

positions of the |ight_sources 3. The ht SO nmay be
mount ed slightly tégbra e "PRATHR % s D?% g %rgg :%%ﬁ ¥n“F|g.

20B. Accordingl Ylg.e\Qﬁﬁ,V\ﬂ@lagB{"ébuferQg ma$ t@ln@ugee&m@ easing 10, a
sufficient anount of |light can be irradiated to the finger.

Al ternatively, émpilct@r afithe an@ﬁr I(iaghthes@uldeesldtsavi:ngttcﬁ fotepent nount

angl es may be nte and th ht sourc ch are turned on may
be changed accor in Q (hmaeyé lﬁep%ﬁ?%Zﬁtt 8851%% g?d?%ﬂty it

i's possible tso cape :LW' tﬂﬂe fdaBgefise RAYhOD i ght 18ourceMatiows bbb ekhesses.
It may be possible to adjust it by controlling the nount angl es of
the |ight source deedieliafgthe fiwerai it flisngessiblA refadrencehruner al
22 of Fig. 1 denote

ef?éct 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, 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 scurce 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 scurces 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 fromthe 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 armside of the finger of
the casing 10. As can be seen fromFig. 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.
15When the finger is laid on the topsilde-of the casing 10, the finger

i s guided al ong_the taper..surface 22A in.the direction of the bottom
surface of the g%@%ﬁﬁ gﬁﬂﬂ§§53 %Eeﬁ% %f%é?hgﬁsJgﬁfhéoéggfﬁ%.lt
Accordingly, itbiscqpassibim the pivienindiRe ext@fenak g0 Joughts from
bei ng made incident fromthe gap between the finger and the casing 10
to the casing ofciHéeiaat et echiicbAinnsts. Fig. 4is a

cross-sectional view show ng the configuratio f the,i ing unit.
The inaging unit 25 shoaﬁhfgeﬁfﬁ#eﬂuwﬁc u gsogfﬁghsPd§$¥235 and an
i magi ng sensar Bfir bheshans plevd £ @rddrandqt heord FRgi P Sersp£1130 are
arranged al ong an optical axis 41 of the transmitted light emtted
toward the openthge?erddrhe cenrpr ofj pputcrsAgy thCaasniha ed |ight after

FCHE e SR E ek e
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. 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 aleng the taper surface
22ZA in the direction of the bottom surface of the
casing and is closely attached toc 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



The | ens device 33 nakes the transmtted 5 |ight focus into an inmage
on the imging sensor 30 and the lens unit 38 including a first |ens
34 at the finger side and a second |lens 36 at the inmage 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 lens 34 and
the second | ens 36 have a dianmeter of about 1 mmto 1.5 mm the first
|l ens 34 is a concave | ens having a coneave portion at the side 15 of
the i magi ng sensor 30 and the second |lens is a convex |ens having a

convex portion SPYHE"T i HGerTstiRe Lioht after theadighlsdrrpatptfisove, a

reference numer alo24ndenQfesssuf&Ih@N.¢ iyhi £h t he-hatlom surface of
the groove 12 of the casing 10 of the authentication unit 20 Is

configured and fheegpemnd ng 20rdagr innphd twhngetfiagsaitted [ i ght of the
casing is closed by the IR filter 40. A reference nunera
26 corresponds to the bdtfonfSureyies of’ MRseTddenhraFMiAL#Rf er ence

numeral 25 28 denplesged rig%tamﬁwefarX%qetﬂnatglaﬁg_Céeﬂs?g §§3 And the
i mgi ng sensor 30 conposed of a charge coupl ed device (CCD) or a
conpl enment ary ngtealleoxiwe cs@dn icenddctora ECMIS)Lens 4 xedtba t he
circuit board. A - 20 - peripheral circuit of the inmaging sensor 30
i s provided on YHESEi 7 £ Boarigcopd 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 aleng 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 porticn 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 is configured and the opening 20 for inputting
transmitted light of the casing is c¢losed 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



The lens casing 42 is formed in a hollow cylindrical shape so as to
receive the lens unit 38. 5 The end of the finger side of the casing
42 having the hollow cylindrical shape is fixed to the | ower surface
of the bottom surface 24 of the casing 10. The |l ens unit
38 has the short focus/w de angle | ens characteristics by conbining
concave-convex 10 | enses. Accordingly, the lens unit can reach the
finger which is a subject and an inmage in a w de range can be i nput
to the inmaging sensor although the |-eR$ unit approaches the finger.
As a result, a distan (con ate |stanqe% 15 Li between a finger
bot t om 46 and tﬂ%rlp%ﬁﬁa]ngﬂsréﬁé PRGN af" e F e3TC8E dAhd % HEO%Jcﬂﬁdugate
di stance can begh ngleuded-jiR 805ang@ of 5 mMmto 12 mm by the

exam nation of the present inventors. Accordingly, the thickness of
the casing 10 can be redicedenforséerami 5 émedeGJnvmemltLhe finger
vei n aut henticati.on unit \%,% IS mounted in casi n?%SZ of a_folder

type nobile tel%‘b]ﬁé]ﬁél%% “Ph 5§ G5 B° ﬁetcer“ée poSst Bl PdCsthpress t he

enl argenment @f +he Aabst & nbekeReng: afid B ShQWs 50N %230,6%a1p! e and
the finger vein authentication unit 50 may be 25 nounted in another

casi ng i n whi chhad leeycyamdputat isbaprenig f58edstcmnhatledver surface In
Fig. 4, a refere uneral 48 den j ust focus position and a
ref erence numarafln E‘?n%%tﬁ@f“e§urfacfl% %fjtagtc?%é‘ﬁs Yength between the

just focus position in the fingeniantk the ix@ahRY: SENSQy,AL The lens
devi ce 33 advances and retreats with respect to the imagi ng sensor 30

such that the jarstlef bens cposidtieagns?iBeg $y combining concave-convex

10 lenses. 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 telephons 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 urit 5C may be

25 mounted in another casing in which a key manipulation
unit 33 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
|l ens 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 imagi ng sensor 30 is 10
reduced, the imging sensor 30 shown in Fig. 4 can forman i nmge
corresponding to the vein pattern in the finger. As
descri bed above, although the short focus and the wi de angle are
described as the optical 15 characterizstics of the lens unit, a focal
length is in arange fromQ0.2 nmto 0.5 nmand the angle of the

obj ect is 1000 Br? 5°°T?lfﬁgt?6ﬁﬁﬁe?%ﬁﬁFh3F§tI%%%Stm%ﬁieo? ¥ it

is difficult to.panyf, hgEL Uik the inea%ﬁngetnsggdao'fTthlén%CELvi&ngth s
greater than 0.5 mm 20 the distance Fig. 4 cannot be set to a

sufficiently snabladrahues adnfl téiereagxi wlm argbectofeot hiee dbkectigi s 1000

or nore, it is ?055|ble to acquire the vein pattern in a range of 10
mmin the vici nPT3F%6f 2P % FEEC jOrniuet TORE® fRFgELON 197 dFder to

improve the 25 yeimqadt henticatiQy, accura Vad &stllﬁgp{rfef 8h %l\ﬁa it hat
the vein pattern in this range i's acquire I's preferable that the

| ens unit has poagtascieal timadrnti catt 6A mquahetnm@ﬁngrﬁauam gthan 0.04 -
22 - Since the just focus position can be set in the finger
although the distance {(conjugate distance) L1l between
the finger bottom 46 and the imaging sensor 30 is
1C reduced, the imaging sensor 30 shown in Fig. 4 can form
an image corresponding to the vein pattern in the
finger.
As described abeove, 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 acquire the
vein pattern in a range of 10 mm in the vicinity of the
first jeint of the finger. 1In order to improve the
25 wveiln 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



and equal to or less than 0.1. If the paraxial magnification is |ess
than 0.04, resolution deteriorates and, if the paraxial nmagnification
is greater than 0.1, a photographing area necessary for 5 the vein
pattern authentication my not be ensured. I f the short
focus lens unit is used, as described above, the authentication unit
can be downsi zed in a height direction thereof, but the inmage
obt ai ned by the inmaging sensor 30 is distorted and thus 10 the vein
pattern may not be accurately extracted fromthe image.

The vein authentication unit has an i e processing unit for
correcting the a?if%wﬁﬁdﬁ’gr ﬁ%sFﬁﬁﬁg?%TheIBr%?%ﬁﬁg?ﬁVﬂﬂtor

confirmed that thgigptheadn 12 dis! entyon gaf theimege can be
corrected by the after-nentioned i nage processing unit in a range of

-60%to +40% bydetrangirated Redehal adeeristied wfgriifiécieing uni t
variously. Al though thg Iegs unit 39 inc%udes two |l enses 20 in the
exanpl e of Fig. 7% Fhe Hibdent T RAEhOFEIPIEEY Nt PREIEF¥hEFRt 0 and

the lens units maye hachuda QRE LaNSnRlcdNLEER Y HIRN B | ENRSES i T the
required | ens characteristics are obtained. Fig. 6 shows the inage

obt ai ned by the 25 i nmagilifgtsensorrt30obhef dees coriteds iwredands Fig. 7

shows an exanple of .the inage after the distortion is corrected. The
i mge of Fig. 6%53“6 ?Cgﬁ?@a bygl%éuFW&ilﬁatéﬁh?&ﬁts‘E?Wén a printed

matter on whi chadn@k k&a ShaReled JRIQ: rectd3n - 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 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-
menticned image processing unit in a range of -60% to
+40% by changing the characteristics of the lens unit
variously.

Although the lens unit 3% includes two lenses

20 1in 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. & shows the image obtained by the

25 1imaging 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



having an interval of 1 nmis printed is nmounted on the topside of
the casing 10 of Fig. 1. If the distortion is corrected, the inmge
which is distorted toward the peri phery as shown in Fig. 6 is
corrected to the image 5 having the substantially uniformgrid shape
as shown in Fig. 7. A nethod of controlling the correction wll be
described | ater. Fig. 8 is a graph showing the distortion
characteristics. The object height of Fig. 8 indicates 10 a relative
position fromthe central point (optieal-axis: 41 of Fig. 4) of the
image to the end of the jmage.. For exanple, the object hei " 1.0"

i ndi cates the p %Vﬁngoﬁ“o*n3%2§é%rﬁf Of P HE PAY e?aﬁd PRE S g%ttq?elght

" 0.6" indicat egogmepeﬁlﬁﬂeoeagingm% beamgt he 15ccepnt rcﬁlstB%ﬂ;n (40%
fromthe end). In Fig. 8, reference nuneral 800 denotes

t he characteri st$ cragkctdb fthesimdgenshiur tisamikt8@2edenotzed tihe
characteristics of&%he second lens _unit. The mnus distortion

char act eri sti csPTI&IERY T REP"E HE pidel® i'§ SPFRCEEOr t ¢ Lol TIE

central sidesofndNGo MRYS BRLatd 1], UsniHosh0s i 00 eharACLEEHSLiiHCS
indicate that the pixel is distorted in a direction separated f'rom

the center of the. faged method of contrellifhetldi sboréc¢orn(Hgll dea

val ue correspondin 5to" T/Swith respect to the original position
(the a dlstance'Sj c%?%ﬁ?ﬂﬁéeéenter) of the pixel and the position of

t he p' xel (t he di stance F&fgr.oén féq% graph showing the distortion

characteristics. The objeét 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 objsct
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 secend 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/5" 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



center) after distortion. The present inventors - 24 - confirmed
that, if the optical distortionis less than -60% the resolution of
the peripheral portion suddenly deteriorates and cannot be conpletely
restored although the correction of the imge distortion is
performed. 5If the optical distortion is equal to or greater than
+40% the inmage in a w de range needs to be processed and there is a
problemin a processing tinme. Accordingly, if the distortion between
the first characteristics (800) and t 2@ second characteristics 10
(802) is restrlct t hat e optical distortion is included

th
in the range of© mFS'QEﬁ@blfﬁﬁmﬂPBF 114 GRSt BB torir&et B by t he
i mage processi ngscuam Ehe%éoﬁﬁtfmro%cgﬁé'p%tr' §§epafl wﬁtio%néua@é&ry e 15

is preferable that the brightness ratio of the maxi num angle of the
object is in a d%ﬂqyaouétéﬁjwmﬂocdﬂﬁﬁt ba ddrelstelt réstusiovedenang e

| ens unit, as shomn in Fi t he brightness deteriorates toward the
periphery of the'S r8ges°© I“noﬁ e dregefBrERtE Fundrir o660 Yenot es
t he 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 distorticn 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 ~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 deteriocrates toward the periphery of
the image.

20 In Fig. 9, reference numeral 800 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" indicates 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



brightness ratio characteristics of the first lens unit and 902
denotes the sensitivity ratio characteristics of the second | ens
unit. For exanple, the sensitivity ratio " 0.4" indicates that the
brightness is 40%if 25 the brightness of the center of the inmage is
" 1.0" . The deterioration in the sensitivity of the short focus/w de
angle lens unit can be conpensated for by arranging the |ight

em ssion side in the peripheral - 25 - region of the casing 10 and
irradiating the light fromthe side sébface of the finger as shown in
Fig. 1. . Th resent_inventors confirmed that th
deterioration i n"THe ggn@}et vrty? g\aéna%e SR HSA e b ro}rlggti ?rcimhe

bri ghtness ratiendfsitibeswmsicauss angl eiofo.t Be sihiheet Hitjhe,obj ect
height is " 1.0" ) is between the characteristics (900) of the first
| ens unit and the characiter Psesos (902)tagk tdefigeednthdtehse unit, that

Is, if the Sens&&kﬁh%¥a£&£ﬂ?niaain a féﬂggé?%%} %%E%gé%%%a%$épﬁ in

Accordingly, the imagrng Sensor 30°¢an e :
the finger fromiheer 8gignneksthe 1o MW angRnokndhe sebigct of the

lens unit with high accuracy. Next, the image processing unit of the
finger object (the object height is =~ 1.0 ) is between the
characteristics (900) of the first lens unit and the
characteristics (92C02) 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 the region c¢f 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 digitel signal processor (DSP) 62 to
receive the image from the imaging sensor 30, on the
basis of the operation of the user. The CPU &0

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,



15 vein authentication unit and the authentication function wll be
described. Fig. 10 is a block diagram showi ng the configuration
exanpl e of the image processing function of the finger vein

aut hentication unit. 20A central processing unit (CPU) 60 starts an

i mage processing programrecorded in a nenory 64 and instructs a
digital signal processor (DSP) 62 to receive the imge fromthe

i magi ng sensor 30, on the basis of the operation of the user. The CPU
60 25 receives the brightness data of 26aeh pixel in the inmaging
sensor 30 fron1the DSP 62 and determ nes whether the finger is laid

on the casing 107 I1F*CRB* T iAgBY 158°ABE 1% dmnithecRei iy 3¢ - 26 -

the external |ight yearhes<t Be iMmging sl%négsrége@ngvééﬁ% bri ght ness
of the pixel is increased over a predeterm ned value. Thus, the CPU

60 determ nes thetdettkenfraigernlis. nOGhus aitthe0NPY ® casengnd. timt
Alternatively, as described above, the touch sensors may be nounted
on the small prbts d<Pfen% Fenghdtald PR ikt GRRiHed Owhet her or not the

finger is [|aisd. Alternatively, LE dhe GRLy @%oqgt etrﬂé' @§1§cﬂ: Q@Bs&.@e fl nger
is laid on the casing 10, the brightness of each pixel in 10 t

i mge obtalnedImwfbhemmn&@dngnSEHSGmaBDrustCManedlandmﬁhe ﬁmDunts of
light emtted fromthe %Iurallt of i irradiation ports 14 are
separately contPHTBI"SUHe At The°hr| hfﬁ%ﬁﬁf BEcbies uniformin the

pixels. In nore detail, fhendripd Re slQnal sesuppkiead to,Lhe ;o

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 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 irradiaticon
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 adeguate amount of light varies
according to the width or the thickness of the
indicated finger, the amount of light needs to be

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

compared with a thick finger and thus the amount of



15 respective light sources which are arranged in correspondence with
the respective light irradiation ports 14 are controlled to correct
the anobunts of light emtted fromthe |ight sources such that the
anounts of light emtted fromthe irradiation ports 14 are 20
controll ed. Hereinafter, light control will be described
in detail. Since the adequate anmount of |ight varies according to the
width or the thickness of the indicated finger, the anmount of I|ight
needs to be 25 controlled for each fimrger in order to photograph a
clear vein inagﬁ, For, exanpl e, if the thickness of the finger is

smal |, the brightfgsd®t 8HtEC8%be Higher™ CoRPErdd WY a2t hi ck finger
and thus the anpuwM.@t rromZne 1Ot il deeisased.sSlNGaLl By A arrow
finger, a distance fromthe light irradiation ports to the finger is
| ar ger conpar edisiltaygehatonparad fuingethat tih a fiaroge wiwdt b, latgd s
difficult for the light to reach. 5 Accordingly, in order to
irradiate a sufft€ifent® a%&ﬁ??b‘fuhti ght 4§ gﬁ%%/itﬁgé‘??cq't i s necessary
to strengthen theAmuERty Ofinl b, eplftedibrom theslight Legadiation
ports 14. Even in the same finger, since the width of the side of the
fingertip and téle hMgdt htofthehéinygse 10 isi decefsarhetd ingengans
different fromeach other, adequate |ight anpunt val ues thereof are
difficult from¥4cA™8Fhert Aﬂ:‘%}gtr (Tf"ﬁb‘f%/‘? FRE FhigHtTRnodiediatie® of the

side of the fingerti psangythe;l ight sampuntqval ue,of the base 5 de are
i ndependently controlled. Alternatively, 1% using the characteristics

that the w dt h ©fe shde stidéhef finpertimgert e ivedshadf thrdbide w dt h of
t he base Si?ﬁ of, the_finger is large, the ampunts of |ight are

control | ed athEneE Wtich i tHat CReIHTSIATT of M GRE" G Ehe si de of

the fingertip isidqgngfeasiedtatbdniev /Nt 20 8 Jtbeyldghty ofs the side
of the fingertip, and then the base side of the finger nay be

si mul t aneous!| y ot potdmd. AAtdmtingly velhg, lidht heosany 2aneunt shef

| i ght cannot hel,|c():1 bejjén irfr, adi ated, the |ight sources for the
fingertip may BeC°&rPangéd ePEEE Po the si eI B 238 T hefPudgdr B and
the |ight sourggsef9fad Reebase ehdent1y 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, if 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 positicnal deviation in left and right directions



of the finger may be arranged far away fromthe base side of the
finger. Additionally, in consideration of the positional deviation in
|l eft and right directions - 28 - when the finger is laid and the
hori zontal non-symetry of the shape of the finger, it is preferable
that the light amount values in left and right directions are

i ndependently controlled. On the basis of the 5 unbal ance of the

bri ghtness between the plurality of pixels, CPU 60 determ nes the
non- symet ry of the shape of the fingee,-the positional deviation in

the left and rig % ire L%%Q‘of #h% fh?%%? nd, thg ihlchness of the
finger, and |ndepen ent ont ¥ ol “EHNERS W EETTHE Y ef t

and right si desoﬂfthtehghifbe‘_n%r thd hﬁn@bge 1Qf 15 h@récf'e@gﬁfé ipadnghd he base
side of the finger. it is determned that the

correction of th&gHt ghevamyahtes slncéﬁfﬂ etnddri@RUJIEOe¢Tissugts DSP 62

to correct the di tortio mnth r ct to ge_1 photographed
by the inaging sé§§br yTﬁ qﬁggtléhlég?qﬁﬁ?1oﬁf “performed by a

cal cul ation basl@rcbaqan&@ea@I@agebﬂ%%@ﬁwse%eewérortthleogsu@ﬁqu@gt@f istics.
Accordingly, the distortion characteristics of the lens unit are

previ ously obt ap¥ed shett 60t Het simiipaeritheofiop hrym@@t £¥ mgethy estrape
aut henti cati on %@ﬁ%§ gulerhe dlstortlon characteristics are stored in
2

the nenory 64. Fect®® (198 bt Etodr ?dﬁ“ﬁf“eﬁ&ﬁqﬁflfﬂéaﬁﬁxels
of the image Obﬁﬁjhﬁedlbé/t:ttlbﬁ bMBGNG: SRS Ohd 3hDYnPEGREL! ¥r gkerring

to the distortion characteristics. 25If the distortionis X% a
correction val uglnger, and independently controls the light sources at
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. DSE 62
corrects the distorticn of each of the pixels of the
image cbtained by the imaging sensor 30 by properly
referring to the distortion characteristics.
25 If the distortion is X%, a correcticn 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



(100/X) is multiplied to a pixel to be corrected of the image such
that the pixel position to the inmage center (optical axis) is
corrected on the basis of the - 29 - calculated result. If the
distortion is plus, the pixel position is corrected to the opti cal
axis side and, if the distortion is mnus, the pixel position is
corrected in a direction separated fromthe optical 5 axis. As a
result, for exanple, as shown in Figs. 6 and 7, the distorted inage
can be corrected. CPU 60 epbores the imge after
distortion correction in the menory 64, and CPU 60 deterni nes the

tint of each of C?%Féllﬁﬁ‘élrs%i“ﬁt_thé%ﬁh%%ﬁéq%g}é BY%f fap
correction and ?ﬁéla%é,iﬂii%% Yol dhRatl el 3:0{ ?gﬁ‘téﬂ%‘icgﬂa(ﬁ%t ggdé mage

(feature extraction). Since the infrare Irradiated fromthe

| i ght source toatdie iffi nigerdissoatisar beduimshetogl-akeh dgasithenvigin in a
process of being transmitted through the finger, while 15 the
infrared |ight F&ECFFEsE 2bfictHer t FRsTaseS 788 e @tdpread in
various diregligns, the 42030 { bed Liahh.cors 63Randing. Lo, the vein
pattern reaches the imaging sensor 30 via the I'ens unit . In the

pi xel region cosndeIponick rY st ortdie iviegd pat berdprrecnee. t he 20
transmtted |ight weakens by absorption, the nonochrome inage in

whi ch a region correspoﬁ@ﬁnéotﬁx¥ﬁé Ve Ampat AR dRFKEREL1PS obt ai ned

by t he I ' magi ng éﬁy}%gEiéglin the memery 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 light socurce 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. In 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 wvein
pattern darkens is obtained by the imaging sensor 30.

CPU 60 detects the wvein 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 vein
authentication unit is registered in the memory 64 and

the personal authentication is determined by



CPU 60 detects the vein pattern fromthe nonochrone i mage and
perforns bionetric authentication 25 using the detected vein pattern.

In nore detail, the vein pattern extracted by the finger vein
authentication unit is registered in the nenory 64 and the personal
aut hentication is determned by - 30 - determ ni ng whether or not

the registered vein pattern is matched to the newy extracted vein
pattern. In the case where the finger vein authentication unit is
nmounted in the information processing3anit such as a 5 nobile

tel ephone or is wired/wireless-connected to an external unit, CPU 60
notifies the i nfoOrFEtrONY pP6cBsEIHg “ani t orePhdretle¥sidl PahFE:Tof t he

personal aut henii a8 r&syht, % Lherdntar ymti ooy IQCessi ng,uni t
supplies a variety of services such as e-conmerce 10 or |nternet
banki ng to the user wakge tthe Abtgdd galh uthentication uniAl though CPU

perforns a feature point extracting.grocess after distortion
correction in tTFEEGEVE" ddSctPHTEHICF HRFGREE TR PBR: coiPedtidn may be

perfornmed af terndihgqevel Pahtesh sisS.extdactetdS opridie L5:.4 npge by
the feature point extracting process. In this case, since the nunber

of pixel s whi chemierhabeursith] eet e tot 1t hiesdis¢ arifbemacianr ect i on can be
restricted to the nunber of pixels corresponding to the vein pattern,

it is possible REFEINRT THE Pr SCEsETTF 20 thitfe ChechS£AF§1Br t he
di stortion corrgeti.Qn; &t B8P 621 Cogpar.ed %E&m%b?o&l%ﬁ%c or.& the

distortion correction is performed with respect to all the pixels,
t he nunber of pinel supEcessaryadfietytde seovieet isonh can ebeotiediteed t o
about 1/8 b)_{Opeorrf %Eﬂgjapngett rl])gn}gji_nst; %E)t ‘E:I?en u%ggrrveicef it?ll'g 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 image by the feature point extracting process. 1In 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 correcticn
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



25 after extracting the feature point.

Al t hough CPU 60, DSP 62 and

the nenory 64 are separately configured in the exanple of Fig. 10,
present invention is not limted thereto and a portion - 31 - or

t he
al |

of them may be configured as one processing unit.

In the case

where the finger vein authentication device is nounted in the
information 5 processing unit such as the nobile tel ephone, the inmge
processi ng and the authentication nay be perfornmed using CPU of the

i nformation processing unit,

i nstead- 3of-providing CPU 60 in the

aut hentication unit. A ortlon or all of the imge processing and the
10 aut henti cati &h ?%}n8F|Eﬂ?”hﬁ9Ytﬁ? FBUEPT5EGNT £ HE'S RF OTSPEE BN

processing unit,tg the server

regi

The vein pattern data nmay be

stered in the server, instead of storing the vein pattern data in
the finger vein authentiTatthencamd where tthe EFidgrmaeion processing
unit.

authentication device is mecunted in the information

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.

pattern data may be registered in the server,

The wvein

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 1maging 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



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 and then registered so as not to be read by

ot her persons. Next, an enbodi ment in which the vein 20

aut hentication unit according to the present invention is applied to
a nobile tel ephone will be described in detail. As described above,
the vein authentication unit according to the present invention can
shorten a di stance between the bottomsaf-the finger and the 25

i magi ng sensor and thgs can be recglved n the mobile teleghpne. Fi g.

11Ais a plan vI&W &f "A"FoIT &'t dI%8Phone SR GRT cif -t hE' YeilthB 15 2

aut hentication unide 394k SvdRcehdad:r :nd%iy.Ne8E @ i pgs0f;Lthe nobile
tel ephone 52. Fig. 11Bis a right side vi ewthereof and Fig. 110 is a

front view thereodrecfn ofderdto wasebylwaldldowttie user tookkowowehe

exi stence of the vein authentication unit, the casing 5 10 of the
vei n aut henti catFisir e URFtoSIMPGhYTYP BPBEFLUdEE oM Ehe "fq a8t ace of

the cover of 5th§0rﬂ¥bkh§ &éﬂnegt%ﬂg%tlcatlon unit g¥i @E*Ybﬂo@rﬁﬁé% 12,
the user can lay the vicinity of the first joint "of /her 1 ndex

finger on 10 thérameictheatXdtentirtats of tird tcoBBr Wi ltée gratspeng t he
nobi | e tel ephone 52 bX hi s/ her right hand. It is preferable that the
front end of thléej\?é’Pﬁ Aut hentication unit is provided at a position

of about 3 cm separated fJ amibef £0pt ©0depf the BRDILE the

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

10 the wvein authentication unit 50 while grasping the
mobile telephone 52 by his/her right hand. 1t 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 mobkile

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
telepheone.

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 wvein
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 Jjoint of the finger such that
the first joint of the finger to be authenticated is

fitted into the vein authentication unit while grasping



15 tel ephone such that the vicinity of the first joint of the finger
to be authenticated is fitted into the vein authentication unit while
graspi ng the nobil e tel ephone. As shown in Fig. 13, the vein

aut hentication 20 unit 50 may be provided near the opened end of the
nobi | e tel ephone 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 cmfromthe opened end of the nobile tel ephone 25
substantially corresponding to a di st ance fromthe fingertip to the
first joint of he fi e first joint of the finger to

uc
be aut henti cat ed™§ &"Ff |?‘fe§f iR 8“? %’é’ b HeguPRema™Cati on unit while

grasping - 33 - the nobiie tel ephopec.hy sfahéi&?arl QRey handn aiong
Fig. 14 is a cross-sectional view taken along line Xl V-XV of Iglg.

11A and Fig. 15lime XIEr¥B5-ofsBedd dnal avd éwgt aken sakomgpdsine XV- XV
thereof. The 5 state |£| whi ch the finger vein authentlcatlon unit is

integral |y recef¥ed A" tHE " OB Tk L8P ephdhe 5% SP&Rttin | A %i gs. 14

and 15. The sang4i@f erencenninerahseas.dife.abaue-desedd had. draw ngs
represent the sane menbers and thus the description thereof will be

omtted. 10LEDsiftZzggrélemseddeed iim the robdlag-<dfephbee 52 is shown
in Figs. 14 and 15. The same reference numerals as the
abo;e—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 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 thrcugh-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 blcocod vessel pattern from the

transmitted light on the imaging sensor 30.



nobi | e tel ephone 52, through-holes 74 are fornmed in the casing 10 in
a direction perpendicular to the wiwdth direction of the LEDs fromthe
tops of the LEDs 72, and the through-holes 74 are connected to the
irradiation 15 ports 14. Near infrared light emtted fromthe LEDs
passes through the through-holes 74 and advances fromthe irradiation
ports 14 toward the finger. Since the wall 16 is provided in the
vicinity of the bottomof the finger along the |ongitudinal direction
of the 20 finger, the light irradi ated4fromthe LEDs is introduced
fromthe side surface of_the finger into the finger over the wall 16.
The light introduced froff fh8%si e 28driacé sFfttr@cei myerals’dif f used

in the finger and,AcROLtiQR20 fRLQOE T rﬂQ?mjtt%et Eggy%fsw& MEI N SO

as to reach the 1 magi ng sensor 30, and the lens unit 38 forfs an
i mage corresponde rnget oithetbboat e8ssed Ppatterander onmdfe veansm tted

l'ight on the inagizg sensor 30. - 34 - . In Figs. 14 and
15, a ref er encef uinmerafe ™ cdehdiE®es EUpFEPPeHemet Y i1 *FPXF ng t he

| ens casing 42 to . thescitguit board 28 ..and a;1ef nyggeral 76 in
Fig. 15 denotes a nenber for guppgf?ing tﬁg t??é%?%&g eog?g 28 to the

casing of the nobile teleploge 52. since the LEDs hfteFpdsitidnesidace t he

LEDs are positioned on the side surfaces of the finger, the width of
t he the side surfaces of the finger, the width of the

fingerlvein 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 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 wvein
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 Dby a light guide 90 in the finger vein authenticaticn
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



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 surfaces of the finger
is noved 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. 15Wiile, in the finger vein authentication unit shown in
Figs. 14 and 15, the |ight generated by the LEDs is guided to the
irradiation ports 14 via the through-hkeles 74 forned in the casing,

but the |ight generated Jlrog the LED is guided to the irradiation ports
20 by a |ight gtiYE 88 T1Ft HE " fiMFerad troadt M trEE TG uhf ™ shown

in Flgs. 17 andcd8:cihendd aht Buiude b pravidedd nibhe gkl 46 formed
on the flat surface of the LEDs and having a |1 ght shielding function

and has a taperéed gurdtdcel@z 28 itapehedruriecsiadteasdrfaeaitted he

di aneter direction of the vein authentication unit is_ sloped as
beconi ng cl ose 1P hE®sHIF SEETH® e hdiin &1 EPABHEEERAr ! tthe

outer ci rCUWfSerF&;Ct%néhgﬁ Qhabbe JTRRLI £ JLLEPAANG, oBS he £3Rgar SROWN ©N
Fig. 17. The radiated light 1ntroduced fromthe LED into the bottom

surface of the thgburfatadeifdhs sagindeid alforige tlebilapenedhsur.f ace 92
and is emtted fromthe end surface 94 of the light guide forned in a
5 rectangul ar shape to tHe™8Fdet®irpak¥s 8F ife upPighr sPAP 2

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 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 jeoint 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.



the surface of the casing 52 of the nobile tel ephone. | f
the light guides 90 are used in such a way, the |light can be gui ded
toward the light irradiation ports at the side surfaces of the finger
10 along the light guides although the LED |ight source is provided
on the side of the bottomsurface of the finger. In addition, since

t he shape of the light irradiation ports of the |ight guides may have
a rectangul ar shape instead of an annul ar shape shown in 15 Figs. 14
and 15, the light can be uniformy i+rcadiated to the side surfaces of
the finger. Fig. 19 shows anot her enbodi nent of the
finger vein authenticati%itunft® SWPFe°t H&@SpFdt dsi 67 18A indicating
the first joint,0fc Jhephifoehe PERLLUGE; 20 Lguard  t b fdnger.side in

t he enmbodi nent shown in Fig. 1, the protrusions 18A protrude toward
the inside of t#etaiildt hrid.r@0tionm sofi¢hefcase ngith@nt frdthbs unit

enbodi ment. Wiile the small pieces 22A for guiding the finger toward
the groove side®t & FofARFWEEh ?ﬁﬂmZSHHEﬁbrgdm§ﬂkFé@€§i§§°§Hﬁﬁh in

Fig. 3 in thg aboye-desgsifed.amhodi FRAL, sthe Japesed surbaces are
formed in a curved shape according to the outer circunference shape
of the finger ishdvhicshentmothbdbmints of 3Be walls 16. Next, the

shape of the wall 16 for. photographing the clear vein inmage wll be

described in detail. Fid® 2B s aFifev’ thePurREMTdatt &t unit of

the embodi ment ghowgeififi g, ZhovieR:yigwed.ffom the; 5 side of the
fingertip. Figs. 21A, 2113, 22A and 223 show ot her enbodi nents of the
wal | s 16. substant sl lghewmel noFtlge AABAanda beheeautthentigat i on
unit of Fig. 2, the width of the wall 16 is substantially equal to

t he distancéobéPWEQﬁaY+ﬂ? Ppﬁhtand the groove 12. The wall 1% 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. 223 and 22B, the sidewall
may be formed in a curved shape according to the outer
circumference shape of the finger. Accordingly, since
the contaét area between the finger and the wall is

25 1increased, 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



10 irradiation 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 213. Accordingly, a point for supporting the finger is
noved outward. Since the finger has a round shape, the 15 finger can
be laid at a | ower position if the supporting point is noved 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 possibl3 to 20 acquire a clear vein

i mge. ., As shown in Figs. 22A and 223, the sidewal| nmay be
formed in a cur %JaChsﬁgﬁepoasc%&PHi%%tf‘S PIRETOGE BT PEui%eréfte shape

of the finger. AgeQldingl Yoquah NEe LNeeeONLAG cidleR cbeiNRepL he finger
and the wall is 25 increased, the effect of blocking the Iight to the

bottom surface ofrfdee f nger chsinndPeasedtordheylposthe on where the
finger is laid becomis stable,_ The |light source 3 is nounted at a

height in - 37 S SE#ER™tHE BOsTYS BHEGT HFE tPher 15 Lt ¥ 65 he

light sources3 s £quat:dQnerh&ss bhandhhatfhd he upReLasw face of
the casing 10. Accordingly, the irregularities of the authentication

unit are reducethe Fihfen subbrticeentfansunppef durdhte cantbe lighadi at ed
to the finger, a ortgon oﬁo t he upper surface of the light source 3

may be covered BY e’ i "T6° Bt FH LAY 10 . SFBF EanpFEl? as shown
in Figs. 23A angh 23BoridxaaoR0) td0n0fn tikerkighty 2500 £6 33, 1 8¢ i dden

under the wall
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 of the groove 12) of the
authentication unit. BAccordingly, 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 acceording 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 colorx
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



10 16, the light source 3 nay be nounted close to the inside (the
side of the groove 12) of the authentication unit. Accordingly, it is
possi ble to downsi ze the authentication unit. Figs. 16A to 16C are

vi ews showi ng an 15 enbodi nent 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 nmounted. Fig. 16A is a cross-sectional
view of the unit, Fig. 16Bis a front view thereof, and Fig. 16C
shows the filter 230. The 20 fading taBioe of the light is highin a
deep col or regqi and is low.in a |ight_color_ reqion, , | f
the vein is pho?%%fﬁpﬁ%ﬂn%§iPﬁgw%ﬁ%ﬁg%t%%ﬁTfoﬁ“gﬁhﬁ P7ch t he
light source issamupit ed. omdcbeasifle, strd ageuef dhe:fingerasnghown in
25 Fig. 163, the brightness value of the photographed inage is

increased in a teygilongerosensortHebergms soufest andths lgderaased in a

central region of .the image. Accordingly, shown |n Fi.g. 16A, the
filter - 38 - 2504 &°HpUhtdd bet gﬁgf%g ?F%dﬁ?méﬁh ?ﬁﬁgfﬁﬁﬁing
sensor 30. AccofgliNnghy, vdhe 1ABRUMavOhig ldi@htinl £aGhLRY DR sENBYi ng
sensor 30 becones uniformin the left and right region of the finger
and t he central treghohe aido8 thudet heovamiraphedge Shavitigithe uniform

bri ghtness on the whol e i.mage_can be photographed. Sensitivity
P & 3000

control such as“®Gain°oF & shultér °Epe &ER°T ntlg &2y Hoe

perforned by thej BRIbEL SRRy 30 1MSLieadssooupf ingethe Jd | ter
230. By decreasing the sensitivity 10 of the pixel |ocated at the
| i ght source simtengadyirer dasiqig 28Ae sengietisddiypgothe enpiielitef t he

central regh n,agQ JSame eagggt S tﬁg ase of mounting the filter
230 can be obt ai neg’. R tHodgh ‘LteﬁigaFe% 3 aﬁ?}lltlst?éllrﬁae%“{]ev\ﬂn%r oups of
increasing the sensitivity of the pixel of the central
regicn, the same effect as the case of mounting the
ftilter 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 te 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
perscnal computer (PC}. The finger vein authentication
unit of the present invention is not limited to the
25 information processing unit and may be mounted an
automcbile or an access control unit.
Although the protrusion is provided in the

casing as the indicating means for indicating the



15 two |l enses in the above-descri bed enbodi ment, the lens unit may
include one lens or three or nore lenses if the required |ens
characteristics can be obtai ned. An object to which the
vein authentication unit according to the present invention is
applied is 20 not Iimted to a nobile tel ephone and may be applied a
variety of information processing units such as a personal digital
assi stant (FDA), a notebook type personal conputer (PC). The finger
vein authentication unit of the presest tnvention is not limted to

the 25 information processing. unit and may be nounted an autonobile
et e e b AP | o

or an access coRtTol “Uni
provided in thecgasgirRgeas it-Rent IvH qat holg 1TBaNss @k bidiat kng dnhe -
39 - position where the first joint of the finger is laid, the
present inventiond gapptindiget o ttheretoitand ehasieghhorfiasmaidkint

i ndi cating thep?f%h}i n where h%ifirst joint of the finger is laid
may be used. S5ATTROGgh™1HeE FPngere V&Y PRiER8ntication unit in the

above nentiored enmbodi MeNt$ohsh MRV iEdeEk Ot he: LaRSE 48.:Qbnthe (nobi | e
t el ephone, the finger vein authentication unit may be nmounted on the

bott om surface of thhealpwis ent edreghenecddmetbe isi geosidddace dre 10 t he
front surface of the nobile tel ephone. . Al'though the front
side of the f!hﬁ%ﬁlﬁg gﬁ@eoﬂgFﬁg E%@ﬂﬁﬁnfo1§ﬁﬂffﬂ%eﬁéﬁﬁ“on the front
side of the fi nélﬁ:rhehﬁiéﬁ'tqtoﬁgﬁ@ﬁ‘%gﬁ'@etn@%n@@@‘b%‘ desatdhed

enbodi nents, the side surface or the back side of the
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

pPresent invention is not limited to the above-described



15 finger may be laid on the casing 10 such that the authentication
is perforned using the vein of the side surface or on the back side
of the finger. In particular, in the case where the back side of the
finger is photographed, the vein can be clearly 20 phot ographed when
t he photographing is performed in a state of bending the finger.

Al t hough the vicinity of the first joint of the finger is
phot ogr aphed i n the above-descri bed enbodi nents, the vicinity of the
second joint of the 25 finger or a parb ether than the joint may be
used for authenticat.ion, The enbodi nents are only

exenpl ary and t REPPr&EBhE- i nvention is not linited to the
above-described - 40 h fﬁﬂ¥@9hﬂgﬁk§further understo%ﬁ ﬁ%"y#o ebe fPrther
understood by those skilled in the art that although the foregoing
descri pti on hassbdérdnadetenaenbdditnentisugh tihe Hregyent i on, the
invention is not limted thereto and various _changes and

modi fi cations nBY° PePhbde it Roth "88part isRGofiwhEnef S5crit of the
invention and thec:e988, Ahet RevaRRERdE] Chal [Biteq flereto and

various changes and modificaticons may be made without

departing from the spirit ¢f the invention and the
1

scope of the appended claims.



1. A finger vein authentication unit conprising: a |light source which
irradiates infrared light to a finger; an imagi ng unit which
images a vein image of the finger on an imging side by the |ight
fromsaid |ight source; an opening through which the light fromthe
| i ght source passes; al i ght shT%qding wal | di sposed al ong a
direction of a longer axis of said opening; a plurality of
protrudi ng pieces disposed in a vicinity of said opening and al ong a
direction of a shorter axis of the opening, and wherein said
protrudi ng pieces are disposed in contact with said |light shielding
wal | . 2. Thetfinger vein autAéngeresit awherdication asitcomtirisiggt o cl aim 1,
wherein said light shielding wall is provided as a pair of |ight

shi el di ng wal | s di igpbsmueorhidbotréviaedelsared lighhiock fmgemi ng. 3. The
finger vein authentication unit according to claim1, wherein a

hei ght of each ofandabgingnmitwhich imgggsi eactsmdee ofdbs tiyief erom igagidg kidghy
shielding wall toward said opening. 4. The finger vein:

aut hent i cat i B8 lightiforagaidbiall $Ry79¢6 claim 1, further conprising an i mage

cal cul ation unit which processes the vein i rra%e i maged by said
i magi ng unit. an opening through which the light from the light source passes; -

a light shielding wall disposed along a direction of a longer axis of said

I
opening,;
a plurality of protruding pieces disposed in a vicihity of said opening and along
~ adirection of a shorter axis of the opening, and

wherein said protruding pieces are disposed in contact with said light shielding

wall.

2. The finger vein authentication unit according to claim 1,

wherein said light shielding wall is provided as a pair of light shielding walls disposed
on both sides of said opening.

3. The finger vein authentication unit according to claim 1,
wherein a height of each of said protruding pieces decreases from said light

shielding wall toward said opening.

4. The finger vein authentication unit according to claim 1,
further comprising an image calculation unit which processes the vein image imaged

by said imaging unit.

5. The finger vein authentication unit according to claim 1,
wherein a protrusion is disposed on a portion of said wall, and the protrusion is

. higher than a remainder of said wall,



5. The finger vein authentication unit according to claim1, wherein
a protrusion is disposed on a portion of said wall, and the
protrusion is higher than a remainder of said wall. -42 - 6. The

finger vein authentication unit accord%l g to claimb, wherein said
protrusion is arranged at a substantialty central portion of said

wal | . 7. The finger vein authentication unit according to claimS§5,
wherein said protrusion is a touch sensor detecting a fact that the
finger is on the touch sensor. 8. The finger vein authentication unit

according to chaim1, wherein satiasiﬁrfgbﬂ&ﬁfau‘{r%hﬁbaﬁéﬁM%E?}é‘ih%%%,a%ist
conprises a plurality of said |light sources, and contro ans ’

i ndependent | y whereir eid pratjusion is ptrargadi absubsiangdl P EendAIoRIoR oPEaid ANt
fromeach of said |ight sources. 9. The finger vein authentication
unit accordirig to claim1l, wherein a neutral density filter of which

an attenuation, factor of the | iﬂ,gtﬁ spat.i al Ihg varies is interposed
bet ween sai d opening and sai d i maglhg URPYEBationyait acceeing to gleim S,

aut hent i cat i ohatBintsaRGFARRIAS 4 ' erein said plurality of
li ght sources have different irlr&é%{%hg%%mﬁ\é@ﬁtaﬁ%ﬂ%hagmf T&PYPe t he
| i ght sour cesioiish deisgred on i s changed anong the |ight sources
according to a position of the finger. 11. The finger vein

aut hentication unit according to claim1, ,
8. The finger vein authentication unit according to claim 1,

wherein said finger vein authentication unit comprises a plurality of said light
sources, and control means independently controlling an optical axis and/or amounts

otlight from each of said light sources.

9. The finger vein authentication unit according to claim 1,
wherein a neutral density filter of which an attenuation factor of the light spatially

varies is iMerposed between said opening and said imaging unit.

10. The finger vein authentication unit according to claim 8,
wherein said plurality of light sources have different irradiation positions and which of
the fight sources is turned on is cﬁanged among the light sources according to a

position of the finger .

11. The finger vein authentication unit according to claim 1,
wherein said imaging unit includes an imaging sensor and performs sensitivity

control of each of a plurality of pixels in said imaging sensor.

12. The finger vein authentication unit according to claim 1 I,

wherein said sensitivity control is performed by gain adjustment and/or a shutter

speed.



wherein said imagi ng unit includes an inmaging sensor and perforns

sensitivity control of each of a plurality of pixels in said inmaging
sensor, 12. The finger vein authentication unit according to claim
11, wherein said sensitivity control |g;performed by gain adjustnent

and/ or a shutter speed. - 43 - 13.A finger vein authentication unit
conprising: a light source which irradiates infrared light to a
finger; an i magi ng unit which inmages a vein inage of the

finger on an imaging side by the light fromsaid |ight source; an
openi ng through which the light fromthe |ight source passed; a |ight
shielding wall forned along a direction of a |longer axis of said
openi ng; a plurality of protruding pieces for laying a

g o S SPosed ! 1 W AL ARSI o SR
said protrudi ng pieces are disposed in contact with said |ight
shi el ding wall . a light source which irradiates infrared light to a finger;
an imaging unit which images a vein image of the finger on an imaging
side by the light from said light source;
an opening through which the light from the light source passes;
a light shielding wall formed along a direction of a longer axis bf said
opening;
a plurality of protruding pieces for laying a finger, which aré disposed in
a vicinity of said’opening from said light shielding wall toward said opening, and

wherein said protruding pieces are disposed in contact with said light

shielding wall.



