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FINGER VEIN IMAGE ACQUISITION DEVICE

FIELD
The present disclosure generally relates to useheatication, and more
particularly to several finger vein sensors thatvpde better finger vein pattern, and are

contamination resistant.

BACKGROUND

Finger vein sensors have been widely used forasentication. However, the
conventional finger vein sensors have some isqwseed to be improved. As shown
in related art FIG. 4A and FIG. 4B, the finger veensor 400 includes a sensor body
401, a finger vein pattern sensing surface 405 aanichfrared light-emitting diode (LED)
409. The infrared light-emitting diode (LED) 409adiates infrared light on a finger
407 and generates finger vein pattern on the firvgén pattern sensing surface 405.
The finger vein pattern sensing surface 405 cagttine finger vein pattern for user
authentication. As shown in FIG. 4A and FIG. 4Be ffinger vein pattern sensing
surface 405 is relatively small compared to the sizthe finger 407. Therefore, only a
small portion of the finger vein pattern is captufer user authentication. The finger
407 often touches the finger vein pattern sensimfase 405, and any contamination on
the surface of the finger 407 may distort the fingein pattern of the finger 407
captured, which may cause authentication errorddithonally, the sensor body 401
defines a small space 403 above the finger veiepasensing surface 405. If the space
403 has water on it, the finger vein sensor 400 fail. Therefore, the conventional

finger vein sensors are widely used only in indagplications.

Therefore, heretofore unaddressed needs still exighe art to address the

aforementioned deficiencies and inadequacies.
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SUMMARY

In one aspect, the present disclosure relatesfitmgar vein sensor. In certain
embodiments, the finger vein sensor includes: aagansensor, and an infrared light
source. The image sensor captures at least armeadfimage of finger vein pattern of a
finger of a target human. The image sensor faocgendn a vertical direction and is
positioned at the top of the finger vein sensorhe Thfrared light source may include
includes a predetermined number of infrared lighiteng diodes (LED), a
predetermined number of infrared light bulbs, andloy other infrared light sources.
The infrared LED and the infrared light bulbs maydrranged in one or more rows and
one or more columns and positioned at the bottothefinger vein sensor. The finger
is positioned between the infrared light source thredimage sensor. The infrared light
from the infrared light source irradiates the fingertically from the bottom to generate
the infrared image of finger vein pattern of thegir on the image sensor, and the image

sensor captures the infrared image of finger vaitepn of the finger.

In another aspect, the present disclosure relatea finger vein sensor. In
certain embodiments, the finger vein sensor induda image sensor, an infrared light
source, and an optical reflector. The image seaaptures at least one infrared image
of finger vein pattern of a finger of a target huitma The image sensor faces the target
human in a horizontal direction and is positionédh& top of the finger vein sensor.
The infrared light source includes a predeterminedchber of infrared light-emitting
diodes (LED), a predetermined number of infraretitlibulbs, and/or any other infrared
light sources. The infrared LED and the infrarigtht bulbs may be arranged in one or
more rows and one or more columns and positionettheatbottom of the finger vein
sensor. The optical reflector includes a reflegtmrror, a triangular reflecting glass, or
any other optical reflecting devices. The opticeflector is positioned between the
image sensor and the infrared light source foreotihg the vertically oriented infrared

image of finger vein pattern of the finger to thaihontally oriented image sensor.

In certain embodiments, the finger is positionetiieen the infrared light source

and the image sensor, the infrared light from tfimred light source irradiates the finger

Page2 of 20



10

15

20

25

vertically from the bottom to generate the infraigthge of finger vein pattern of the
finger in a vertical direction, and the infraredaige of finger vein pattern of the finger is

reflected by the optical reflector and capturedh®yhorizontally oriented image sensor.

In yet another aspect, the present disclosureeelat a finger vein sensor. In
certain embodiments, the finger vein sensor induda image sensor, an infrared light
source, and an optical reflector. The image seaaptures at least one infrared image
of finger vein pattern of a finger of a target humaln one embodiment, the image
sensor is positioned on the top right side of thgdr vein sensor facing the center of the
finger vein sensor in a horizontal direction. hother embodiment, the image sensor is
positioned on the top left side of the finger veémsor facing the center of the finger vein
sensor in a horizontal direction. The infrarechligource includes a predetermined
number of infrared light-emitting diodes (LED), eedetermined number of infrared light
bulbs, and/or any other infrared light sources. e Tifrared LED and the infrared light
bulbs may be arranged in one or more rows and omeoce columns and positioned at
the bottom of the finger vein sensor. The optieflector includes a reflecting mirror, a
triangular reflecting glass, or any other opticeflecting devices. The optical reflector
is positioned between the image sensor and tharedrlight source for reflecting the
vertically oriented infrared image of finger veiatfern of the finger to the horizontally
oriented image sensor. The finger is positionemvéen the infrared light source and
the image sensor, the infrared light from the irddalight source irradiates the finger
vertically from the bottom to generate the infraiethge of finger vein pattern of the
finger in a vertical direction, and the infraredaige of finger vein pattern of the finger is

reflected by the optical reflector and capturedhzyhorizontally oriented image sensor.

In certain embodiments, the finger vein sensor nmajude a lens positioned
between the finger and the image sensor, and aaréof filter positioned between the
lens and the image sensor for improving qualitythef infrared image of finger vein

pattern of the finger.

In certain embodiments, the finger vein sensor @By include a finger vein

sensor enclosure. The finger vein sensor enclasahedes a lower compartment, and
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an upper compartment. The infrared light source pasitioned in the lower
compartment. The image sensor and the lens argopesl in the upper compartment.
In certain embodiments, an upper surface of thetmempartment forms the transparent
finger resting surface. A lower surface of the eqpgompartment is a transparent

surface.

These and other aspects of the present disclosiirbesome apparent from the
following description of the preferred embodimemtkén in conjunction with the
following drawings, although variations and moditions therein may be effected

without departing from the spirit and scope of tleeel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or moréaiments of the present
disclosure, and features and benefits thereof,tagether with the written description,
serve to explain the principles of the present mio®. Wherever possible, the same
reference numbers are used throughout the drawongger to the same or like elements
of an embodiment, and wherein:

FIG. 1A shows a configuration of a finger vein san800 having an infrared
light source at bottom and a finger vein patteragssensor on top, and FIG. 1B shows a
side sectional view of the finger vein sensor 1080oading to one embodiment of the

present disclosure;

FIG. 2A shows a configuration of a finger vein sn$02 having an infrared
light source at bottom, a finger vein pattern imagasor on top facing a user and a
reflecting mirror, FIG. 2B shows a side sectionaw of the finger vein sensor 102
according to one embodiment of the present disodpsand FIG. 2C shows a
configuration of a finger vein sensor 102 havingim@inared light source at bottom, a
finger vein pattern image sensor on top facingea aad a triangular reflecting glass, and
FIG. 2D shows a side sectional view of the fingeinvsensor 102 according to another

embodiment of the present disclosure;
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FIG. 3A shows a front view of a finger vein send6d having an infrared light
source at bottom, a finger vein pattern image seosdop left side facing the center of
the finger vein sensor and a reflecting mirror, FBB shows a side view of the finger
vein sensor 104, FIG. 3C shows a partially sectitmat view of the finger vein sensor
104, and FIG. 3D shows a side sectional view offithger vein sensor 104 according to
one embodiment of the present disclosure; and BEsshows a front view of a finger
vein sensor 104 having an infrared light sourcéatom, a finger vein pattern image
sensor on top left side facing the center of thegdr vein sensor and a triangular
reflecting glass, FIG. 3F shows a side view offthger vein sensor 104, FIG. 3G shows
a partially sectional front view of the finger vesensor 104, and FIG. 3H shows a side
sectional view of the finger vein sensor 104 acemydo another embodiment of the
present disclosure; and

FIG. 4A shows a front view of a conventional fingein sensor 400, and FIG. 4B

shows a side sectional view of the conventionadmvein sensor 400.

DETAILED DESCRIPTION

The present disclosure is more particularly dbsdrin the following
examples that are intended as illustrative onlycesimumerous modifications and
variations therein will be apparent to those sHille the art. Various embodiments of
the disclosure are now described in detail. Rigfgrto the drawings, like numbers, if
any, indicate like components throughout the viewas used in the description herein
and throughout the claims that follow, the mearghtp”, “an”, and “the” includes plural
reference unless the context clearly dictates wfiser Also, as used in the description
herein and throughout the claims that follow, theaming of “in” includes “in” and “on”
unless the context clearly dictates otherwise. dduwer, titles or subtitles may be used
in the specification for the convenience of a read#ich shall have no influence on the
scope of the present disclosure. Additionally, sderms used in this specification are
more specifically defined below.

The terms used in this specification generally hitre@ ordinary meanings in the
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art, within the context of the disclosure, andhie specific context where each term is
used. Certain terms that are used to describalidatosure are discussed below, or
elsewhere in the specification, to provide addaioguidance to the practitioner regarding
the description of the disclosure. For convenienegain terms may be highlighted, for
example using italics and/or quotation marks. TWke of highlighting has no influence

on the scope and meaning of a term; the scope aading of a term is the same, in the
same context, whether or not it is highlighted. wilt be appreciated that same thing can
be said in more than one way. Consequently, @t language and synonyms may
be used for any one or more of the terms disculseegin, nor is any special significance
to be placed upon whether or not a term is elabdrat discussed herein. Synonyms
for certain terms are provided. A recital of omemmre synonyms does not exclude the
use of other synonyms. The use of examples angnimethis specification including

examples of any terms discussed herein is illuggainly, and in no way limits the scope
and meaning of the disclosure or of any exemplifexan. Likewise, the disclosure is

not limited to various embodiments given in this@fication.

Unless otherwise defined, all technical and sdientierms used herein have the

same meaning as commonly understood by one ofamdskill in the art to which this

disclosure pertains. In the case of conflict, thespnt document, including

definitions will control.

As used herein, “around”, “about” or “approximatelghall generally mean

within 20 percent, preferably within 10 percentdanore preferably within 5 percent of a

given value or range. Numerical quantities givesreln are approximate,
meaning that the term “around”, “about” or “appmmetely” can be inferred if not

expressly stated.
As used herein, "plurality” means two or more.

As used herein, the terms "comprising,"” "includingcarrying,” "having,"
“containing,” “involving,” and the like are to benderstood to be open-ended, i.e., to

mean including but not limited to.
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As used herein, the phrase at least one of AnB,@& should be construed to
mean a logical (A or B or C), using a non-excludogical OR. It should be understood
that one or more steps within a method may be é¢®dcin different order (or

conconventionally) without altering the principlefsthe present disclosure.

The present disclosure will now be described marky fhereinafter with
reference to the accompanying drawings, in whictba@iiments of the disclosure are
shown. This disclosure may, however, be embodiedany different forms and should
not be construed as limited to the embodiments feegh herein; rather, these
embodiments are provided so that this disclosuliebeithorough and complete, and will
fully convey the scope of the disclosure to thdskesl in the art. Like numbers refer to

like elements throughout.

As shown in related art FIG. 4A and FIG. 4B, thevantional finger vein sensor
400 has, among other things, following disadvargag&he finger vein pattern sensing
surface 405 is relatively small compared to the sizthe finger 407. Therefore, only a
small portion of the finger vein pattern is captufer user authentication. The finger
407 often touches the finger vein pattern sensimfase 405, and any contamination on
the surface of the finger 407 may distort the fingein pattern of the finger 407
captured, which may cause authentication errorddithonally, the sensor body 401
defines a small space 403 above the finger veiepasensing surface 405. If the space
403 has water on it, the finger vein sensor 400faill. The present disclosure discloses
several new improvements that will increase the sizthe finger vein pattern images,
that will eliminate authentication error causeddepnsor surface contamination, and that

will prevent authentication failures caused by mo#s or water on the sensor surface.

Referring now to FIGS. 1A and 1B, in one asped,fesent disclosure relates to
a finger vein sensor 100. In certain embodimethis.finger vein sensor 100 includes:

an image sensor 1006, and an infrared light sol@64.

In certain embodiments, the infrared light sour@®11 may include includes a
predetermined number of infrared light-emittingdbs (LEDs), a predetermined number

of infrared light bulbs, and/or any other infrarkght sources. As shown in the side
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view of the finger vein sensor 100 in FIGS. 1A dmMl the infrared light source 1001
includes a first infrared LED 10011, a second irddaLED 10012, and a third infrared
LED 10013. The infrared LED or the infrared lighilbs may be arranged in one or
more rows and one or more columns and positionetheatbottom of the finger vein
sensor 100. These three LEDs as shown in FIGSaridA1B form one column of the
infrared light source 1001. The infrared light su1001 may include more than one
columns of infrared LEDs (not shown in FIGS. 1A d®)). Such infrared light source
1001 provides high intensity and evenly distribubefilared light to penetrate a finger
1004 of a target human and generates large sigerfivein pattern images with more

clarity.

In certain embodiments, the image sensor 1006 ezptat least one infrared
image of finger vein pattern of the finger 1004.heTimage sensor 1006 faces down in a
vertical direction and is positioned at the toptwé finger vein sensor 100. The finger
1004 is positioned between the infrared light seut®01 and the image sensor 1006.
The infrared light from the infrared light sourc@0L irradiates the finger 1004 vertically
from the bottom to generate the infrared imageirgddr vein pattern of the finger 1004
on the image sensor 1006, and the image sensorth@0&aptures the infrared image of

finger vein pattern of the finger 1004.

In certain embodiments, the finger vein sensor @y include a transparent
finger resting surface 1002 for resting the fin@®04. This transparent finger resting
surface 1002 allows the user to rest the finge 1@ it and generates a steady finger
vein pattern image at a fixed location. It pregeimconsistency when the finger 1004

moves up and down.

In certain embodiments, the finger vein sensor @ also include a lens 1005.
The lens 1005 is positioned between the finger 1&@d the image sensor 1006. The
lens 1005 is adjusted to focus on the finger vaittepn generated above the transparent
finger resting surface 1002. The combination efldns 1005 and the transparent finger
resting surface 1002 allows the image sensor 1006apture consistent finger vein

pattern images and improve quality of the infram@@ge of finger vein pattern of the
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finger 1004.

In certain embodiments, the finger vein sensor 12§ also include an infrared
filter 1007. The infrared filter 1007 may be plddsetween the lens 1005 and the image
sensor 1006. The infrared filter 1007 allows irddhlights to pass and eliminates light
interference from any lights other than infrareghti Therefore, the application of the
infrared filter 1007 also improves the quality bétinfrared image of finger vein pattern
of the finger 1004.

In certain embodiments, the finger vein sensor @ also include a finger vein
sensor enclosure 1003 as shown in FIG. 1B. Thgefivein sensor enclosure 1003
includes a lower compartment, and an upper comgattm The infrared light source
1001 is positioned in the lower compartment andvides infrared light through the
transparent finger resting surface 1002 verticfatiyn the lower compartment. The lens
1005, the infrared filter 1007 and the image seri¥(6 are positioned in the upper
compartment. A lower surface 10031 of the uppengartment is a transparent surface
to allow the image sensor 1006 to capture the firgan pattern image of the finger 1004
formed above the transparent finger resting surt2.

The configuration of the finger vein sensor 100ates larger size finger vein
pattern images than the conventional finger veinsses. Conventional finger vein
sensor allows user to touch the image forming serfaf the finger vein sensor, any
contamination on the image forming surface of thgdr vein sensor will be captured by
the conventional vein sensor and it will cause entication errors. The finger vein
sensor 100 prevents such errors from happeningy cdntaminations such as dirt on
the surface of the finger 1004, the dirt accumuadlade the transparent finger resting
surface 1002, or finger prints left on the transpafinger resting surface 1002 will not
be captured by the image sensor 1006. The wadgrssbr water accumulated on the
transparent finger resting surface 1002 will naiseaany authentication errors because
the water will be transparent and will not disttve finger vein pattern of the finger
1004.

As shown in FIGS. 1A and 1B, in order to creatgeafinger vein pattern image,
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the image sensor 1006 should have sufficient dist&om the finger 1004 resting on the
transparent finger resting surface 1002 becaufieeddtraight infrared light path from the
bottom to the top of the finger vein sensor endlest003. This may cause the finger
vein sensor enclosure 1003 to become tall. Inra@eshorten the height of the finger
vein sensor enclosure 1003, a few more exemplatyodiments of finger vein sensors
are described as following. In certain embodimethis straight infrared light path from

the bottom to the top of the finger vein sensorl@we 1003 may be reflected by an
optical reflector to become a horizontal infraregght path.

Referring now to FIGS. 2A through AD, in anothepedt, the present disclosure
relates to a finger vein sensor 102. In certaith@timents, the finger vein sensor 102
includes: an image sensor 1026, an infrared lightce 1021, and an optical reflector
1028.

In certain embodiments, the infrared light sour€21l may include includes a
predetermined number of infrared light-emittingdbs (LEDs), a predetermined number
of infrared light bulbs, and/or any other infrarkght sources. As shown in the side
view of the finger vein sensor 102, the infrareghtisource 1021 includes a first infrared
LED 10211, a second infrared LED 10212, and a tlmfdared LED 10213. The
infrared LED or the infrared light bulbs may beagrged in one or more rows and one or
more columns and positioned at the bottom of thgefi vein sensor 102. These three
LEDs as shown in FIGS. 1A and 1B form one columnhefinfrared light source 1021.
The infrared light source 1021 may include moreatbae columns of infrared LEDs (not
shown in FIGS. 2A through 2D). Such infrared lighturce 1021 provides high
intensity and evenly distributed infrared lightgenetrate a finger 1024 of a target human

and generates large size finger vein pattern imagé&smore clarity.

In certain embodiments, the image sensor 1026 captat least one infrared
image of finger vein pattern of the finger 1024.heTimage sensor 1026 faces the target
human in a horizontal direction and is positionetha top of the finger vein sensor 102.
The finger 1024 is positioned between the infraligt source 1021 and the image

sensor 1026. The infrared light from the infraligtit source 1021 irradiates the finger
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1024 vertically from the bottom to generate theardd image of finger vein pattern of
the finger 1024. The optical reflector 1028 in@ad reflecting mirror 10281 as shown
in FIGS. 2A and 2B, a triangular reflecting glag®282 as shown in FIGS. 2C and 2D, or
any other optical reflecting devices (not showrFIGS. 2A through 2D). The optical

reflector 1028 is positioned between the image @ebh826 and the infrared light source
1021 for reflecting the vertically oriented infrdrénage of finger vein pattern of the
finger 1024 to the horizontally oriented image s&ri26.

In certain embodiments, the finger 1024 is posétibetween the infrared light
source 1021 and the image sensor 1026, the infleytedfrom the infrared light source
1021 irradiates the finger 1024 vertically from thattom to generate the infrared image
of finger vein pattern of the finger 1024 in a veat direction, and the infrared image of
finger vein pattern of the finger 1024 is reflectey the optical reflector 1028 and

captured by the horizontally oriented image seA@6.

In certain embodiments, the finger vein sensor @@} include a transparent
finger resting surface 1022 for resting the fin@@R4. This transparent finger resting
surface 1022 allows the user to rest the finge41@2 it and generates a steady finger
vein pattern image at a fixed location. It pregemiconsistency when the finger 1024
moves up and down.

In certain embodiments, the finger vein sensor m@¥ also include a lens 1025.
The lens 1025 is positioned between the finger 1&#d the image sensor 1026. The
lens 1025 is adjusted to focus on the finger veaittepn generated above the transparent
finger resting surface 1022. The combination efldns 1025 and the transparent finger
resting surface 1022 allows the image sensor 1026apture consistent finger vein
pattern images and improve quality of the infram@@ge of finger vein pattern of the
finger 1024.

In certain embodiments, the finger vein sensor 1@% also include an infrared
filter 1027. The infrared filter 1027 may be plddeetween the lens 1025 and the image
sensor 1026. The infrared filter 1027 allows irddhlights to pass and eliminates light

interference from any lights other than infrareghti Therefore, the application of the
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infrared filter 1027 also improves the quality bétinfrared image of finger vein pattern
of the finger 1024.

In certain embodiments, the finger vein sensorm@ also include a finger vein
sensor enclosure 1023 as shown in FIGS. 2B and ZDbe finger vein sensor enclosure
1023 includes a lower compartment, and an upperpaament. The infrared light
source 1021 is positioned in the lower compartnaet provides infrared light through
the transparent finger resting surface 1022 vdlyiéeom the lower compartment. The
lens 1025, the infrared filter 1027 and the imagessr 1026 are positioned horizontally
in the upper compartment. A lower surface 10231th&f upper compartment is a
transparent surface to allow the image sensor 102&pture the finger vein pattern
image of the finger 1024 formed above the transpdneger resting surface 1022. The
vertical finger vein pattern image of the finger24Gs reflected by the optical reflector
1028 and turned to a horizontal finger vein pattenage of the finger 1024 to be

captured by the horizontally oriented image sed@6.

In additional to have the horizontally oriented geasensor 1026 facing the target
human, the vertically generated finger vein pattdrthe finger 1024 may be reflected by
the optical reflector 1028 and captured by the Zomtally oriented image sensor 1026
positioned on either side of the finger vein sens@2. Referring now to FIGS. 3A
through 3H, in yet another aspect, the preseniadise relates to a finger vein sensor
104. In certain embodiments, the finger vein seri€® includes: an image sensor
1046, an infrared light source 1041, and an optiefiector 1048. The image sensor
1046 captures at least one infrared image of finggm pattern of a finger 1044 of a
target human. In one embodiment, the image set®8 is positioned on the top right
side of the finger vein sensor 104 facing the aeafethe finger vein sensor 104 in a
horizontal direction. In another embodiment, tmage sensor 1046 is positioned on the
top left side of the finger vein sensor 104 fadhg center of the finger vein sensor 104

in a horizontal direction.

In certain embodiments, the infrared light sour@41l may include includes a

predetermined number of infrared light-emittingdbs (LEDs), a predetermined number
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of infrared light bulbs, and/or any other infrargght sources. As shown in the front
view of the finger vein sensor 104, the infrareghtisource 1041 includes a first infrared
LED 10411, a second infrared LED 10412, and a timfcired LED 10413. As shown
in the side view of the finger vein sensor 104, itifeared light source 1041 includes the
third infrared LED 10413, a fourth infrared LED 184 and a fifth infrared LED 10415.
In the exemplary embodiment shown in FIGS. 3A aid e infrared LED or the
infrared light bulbs may be arranged in three r@nd three columns and positioned at
the bottom of the finger vein sensor 104. Suchanefd light source 1041 provides high
intensity and evenly distributed infrared lightgenetrate the finger 1044 of the target

human and generates large size finger vein patteges with more clarity.

In certain embodiments, the optical reflector 10d8udes a reflecting mirror
10481, as shown in FIGS. 3A through 3D, a triangufiecting glass 10482, as shown
in FIGS. 3E through 3H, or any other optical refileg devices (not shown in FIGS. 3A
through 3H). The optical reflector 1048 is posigd between the image sensor 1046
and the infrared light source 1041 for reflectihg vertically oriented infrared image of

finger vein pattern of the finger 1044 to the hontally oriented image sensor 1046.

In certain embodiments, the finger 1044 is posétibetween the infrared light
source 1041 and the image sensor 1046, the infleytedfrom the infrared light source
1041 irradiates the finger 1044 vertically from thattom to generate the infrared image
of finger vein pattern of the finger 1044 in a veat direction, and the vertically oriented
infrared image of finger vein pattern of the finged44 is reflected by the optical

reflector 1048 and captured by the horizontallgored image sensor 1046.

In certain embodiments, the finger vein sensor ¥ include a transparent
finger resting surface 1042 for resting the fin@@A4. This transparent finger resting
surface 1042 allows the user to rest the finged1®4 it and generates a steady finger
vein pattern image at a fixed location. It pregemiconsistency when the finger 1044

moves up and down.

In certain embodiments, the finger vein sensor @4 also include a lens 1045.

The lens 1045 is positioned between the finger 1&4d the image sensor 1046. The
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lens 1045 is adjusted to focus on the finger veaittepn generated above the transparent
finger resting surface 1042. The combination efldns 1045 and the transparent finger
resting surface 1042 allows the image sensor 1046apture consistent finger vein
pattern images and improve quality of the infram@@ge of finger vein pattern of the
finger 1044.

In certain embodiments, the finger vein sensor 124 also include an infrared
filter 1047. The infrared filter 1047 may be plddeetween the lens 1045 and the image
sensor 1046. The infrared filter 1047 allows irddhlights to pass and eliminates light
interference from any lights other than infrargghti Therefore, the application of the
infrared filter 1047 also improves the quality bétinfrared image of finger vein pattern
of the finger 1044.

In certain embodiments, the finger vein sensor @4 also include a finger vein
sensor enclosure 1043 as shown in FIGS. 3C, 3DaBG3H. The finger vein sensor
enclosure 1043 includes a lower compartment, angbgaer compartment. The infrared
light source 1041 is positioned in the lower compant and provides infrared light
through the transparent finger resting surface 1Q04&R2tically from the lower
compartment. The lens 1045, the infrared filtedA1@&nd the image sensor 1046 are
positioned horizontally in the upper compartmer lower surface 10431 of the upper
compartment is a transparent surface to allowrtirege sensor 1046 to capture the finger
vein pattern image of the finger 1044 formed abtbvetransparent finger resting surface
1042. The vertical finger vein pattern image of tinger 1044 is reflected by the
optical reflector 1048 and turned to a horizontagér vein pattern image of the finger

1044 to be captured by the horizontally orientedgmsensor 1046.

The foregoing description of the exemplary emboditseof the disclosure has
been presented only for the purposes of illustnadind description and is not intended to
be exhaustive or to limit the disclosure to thecp® forms disclosed. Many

modifications and variations are possible in lighthe above teaching.

The embodiments were chosen and described in todeplain the principles of

the disclosure and their practical application saaenable others skilled in the art to
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utilize the disclosure and various embodiments it various modifications as are
suited to the particular use contemplated. Alteveaembodiments will become
apparent to those skilled in the art to which tlespnt disclosure pertains without
departing from its spirit and scope. Accordinglye scope of the present disclosure is
defined by the appended claims rather than thegéong description and the exemplary

embodiments described therein.
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CLAIMS

What is claimed is:

1. A finger vein sensor comprising:

an image sensor for capturing at least one inframadje of finger vein pattern of
a finger of a target human, wherein the image sefaa®s down in a vertical direction
and is positioned at the top of the finger veinseenand

an infrared light source positioned at the bottdrthe finger vein sensor,

wherein the finger is positioned between the imdalight source and the image
sensor, the infrared light from the infrared ligtdurce irradiates the finger vertically
from the bottom to generate the infrared imagargjdr vein pattern of the finger on the
image sensor, and the image sensor captures tiageitifimage of finger vein pattern of

the finger.

2. The finger vein sensor of claim 1, wherein the anéd light source
comprises a plurality of infrared light-emittingodies (LED), a plurality of infrared light
bulbs, and/or any other infrared light sources, neitmethe plurality of infrared LED and
the plurality of infrared light bulbs are arrangedone or more rows and one or more

columns.

3. The finger vein sensor of claim 1, further comprisia lens positioned
between the finger and the image sensor, and aareof filter positioned between the
lens and the image sensor for improving qualitythed infrared image of finger vein

pattern of the finger.

4. The finger vein sensor of claim 3, further comprisa transparent finger

resting surface for resting the finger on the tpament finger resting surface.

5. The finger vein sensor of claim 4, further comprisa finger vein sensor
enclosure having a lower compartment for positignifrared light source and an upper

compartment for positioning the image sensor arddhs.
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6. The finger vein sensor of claim 5, wherein an uppeface of the lower
compartment forms the transparent finger restingasa, and a lower surface of the

upper compartment comprises a transparent surface.

7. A finger vein sensor comprising:

an image sensor for capturing at least one inframadje of finger vein pattern of
a finger of a target human, wherein the image sefmtes the target human in a
horizontal direction and is positioned at the tbghe finger vein sensor;

an infrared light source positioned at the bottdrthe finger vein sensor; and

an optical reflector positioned between the imageser and the infrared light
source for reflecting the vertically oriented in¥d image of finger vein pattern of the
finger to the horizontally oriented image sensor,

wherein the finger is positioned between the imdalight source and the image
sensor, the infrared light from the infrared ligtdurce irradiates the finger vertically
from the bottom to generate the infrared imageirajdr vein pattern of the finger in a
vertical direction, and the infrared image of fingein pattern of the finger is reflected

by the optical reflector and captured by the harially oriented image sensor.

8. The finger vein sensor of claim 7, wherein the aréd light source
comprises a plurality of infrared light-emittingodies (LED), a plurality of infrared light
bulbs, and/or any other infrared light sources, netmethe plurality of infrared LED and
the plurality of infrared light bulbs are arrangedone or more rows and one or more

columns.

9. The finger vein sensor of claim 7, wherein the cgitreflector comprises

a reflecting mirror, a triangular reflecting glases,any other optical reflecting devices.

10. The finger vein sensor of claim 7, wherein furtleemprising a lens
positioned between the finger and the image serssdt, an infrared filter positioned
between the lens and the image sensor for improgiraity of the infrared image of

finger vein pattern of the finger.
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11.  The finger vein sensor of claim 10, further compgsa transparent finger

resting surface such that the finger is restechertransparent finger resting surface.

12.  The finger vein sensor of claim 11, further comipgsa finger vein sensor
enclosure having a lower compartment for positigrtime infrared light source and an

upper compartment for positioning the image seasdrthe lens.

13.  The finger vein sensor of claim 12, wherein an ugueface of the lower
compartment forms the transparent finger restingasa, and a lower surface of the

upper compartment comprises a transparent surface.

14.  Afinger vein sensor comprising:

an image sensor for capturing at least one inframedje of finger vein pattern of
a finger of a target human, wherein the image sesgmositioned on the top right side of
the finger vein sensor facing the center of thgdimvein sensor in a horizontal direction;

an infrared light source positioned at the bottdrthe finger vein sensor; and

an optical reflector positioned between the imageser and the infrared light
source for reflecting the vertically oriented inrd image of finger vein pattern of the
finger to the horizontally oriented image sensor,

wherein the finger is positioned between the imdalight source and the image
sensor, the infrared light from the infrared ligtdurce irradiates the finger vertically
from the bottom to generate the infrared imageirajer vein pattern of the finger in a
vertical direction, and the infrared image of fingein pattern of the finger is reflected

by the optical reflector and captured by the harially oriented image sensor.

15. The finger vein sensor of claim 14, wherein theraréd light source
comprises a plurality of infrared light-emittingodies (LED), a plurality of infrared light
bulbs, and/or any other infrared light sources, netmethe plurality of infrared LED and
the plurality of infrared light bulbs are arrangedone or more rows and one or more

columns.
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16.  The finger vein sensor of claim 14, wherein thegmaensor is positioned
on the top left side of the finger vein sensorrgdhe center of the finger vein sensor in

a horizontal direction.

17.  The finger vein sensor of claim 14, wherein theagptreflector comprises

a reflecting mirror, a triangular reflecting glases,any other optical reflecting devices.

18. The finger vein sensor of claim 14, further compgsa lens positioned
between the finger and the image sensor, and aaréf filter positioned between the
lens and the image sensor for improving qualitythef infrared image of finger vein
pattern of the finger.

19.  The finger vein sensor of claim 18, further compgsa finger vein sensor
enclosure having a lower compartment for positigrtime infrared light source and an
upper compartment for positioning the image seasdrthe lens.

20. The finger vein sensor of claim 19, wherein an ugpeface of the lower
compartment forms a transparent finger restingaserfand a lower surface of the upper

compartment comprises a transparent surface.
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