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(57) Abstract

An imaging apparatus (34) suitable for capturing an image of one or more of a user’s facial features is disclosed. The apparatus
includes a spherical cold mirror (45) which presents a concave surfuce to the user and is disposed between the user and the camera (47).
The user is able to conclude that he is close enough to the camera (47) for successful image capture when the refiection he sees in the mirror
(45) is the right way up. In a preferred embodiment, markings are provided on the front surface of the mirror to aid the user in placing
his eye within a predetermined range of distances from the camera (47). The imaging apparatus (34) is suitable for use in iris recognition
apparatuses and provides a relatively inexpensive alternative to known apparatuses.
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through the same aperture. The LCD display is driven by the video signal which is
15 currently being output by the camera. ' |
In using the apparatus, the user moves his head until the LCD display
shows an in-focus image of one of his eyes. Because of safety constraints on the
level of illumination of the human eye, the depth of focus of the apparatus is
limited and the user must position his head within a relatively narrow range of
20 distances from the apparatus. The magnification of the optical system is arranged
such that, when in focus, the image of one eye fills more than one-third of the field
of view of the camera. This is useful in assuring that the iris Is imaged in
sufficient detail to obtain an iris data sequéncé which is unique to that iris.
The cost of the LCD display in the above apparatus is significant.
25 Although the use of iris recognition technology is clearly desirable because of the
high level of security it affords, the current cost of iris recognition units hinders
their incorporation into credit card payment terminals and the like.
Other proposed iris recognition apparatuses avoid the requirement that the
user moves his head to a preferred position in relation to the apparatus, instead
30 providing a camera with both an auto-focus and an auto-zoom facility. Although
this relaxes the constraints imposed on the distance between the user and the
apparatus, it does not provide a facility for aligning the éye within the field of view
of the camera. Hence, the use of a Pan Tilt Zoom camera in conjunction with

eye-tracking techniques has been proposed to ensure that the user’'s eye is
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conbi nati on, have an opti cal Eovver greater than zero. This has the result
t hat t he Accordmgly, the present invention provides a facial featurg imaging

reflection se@ppdytutRempfghg:under goes changes in both size and orientation

as the user approaches the apparatu
a8 camera apparatus operable to capture an image of one or more facial

15 features of a user, light reflected from said facial features travelling along an
optical path from said facial features to said camera apparatus;

a visible light reflector disposed on said optical path, and positioned such
that, in use, the user can see his reflection therein, said reflector being arranged to
present a reflection of the user, which reflection gives a positive visual indication

20 to the user that he is within a preferred range of distances from the camera.

By providing a visible light reflector which is arranged to present a positive
visual indication to the user that he or she is within a preferred range of distances
from the camera, feedback is provided to the user enabling him to position his
head at a correct distance from the apparatus. The visible light reflector provides

25 this feedback as effectively as known devices but more cheaply than has hitherto
been possible. The provision of such a visible light reflector reduces the need for a
camera with an auto-focus (and possibly auto-zoom} facility. Furthermore, by

_arranging the reflector to lie on optical path between the user and the camera, the
apparatus is made more compact than known apparatuses. The reflection provides

30 a positive indication in the sense that there is some indication other than the user
being able to judge his distance from the camera owing to perspective.

Preferably, the reflector comprises one or mo.re optical elements which, in

combination, have an optical power greater than zero. This has the result that the



Preferably, the reflector conprises a non-planar reflector, the surface of
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By way of example only, specific embodiments of the present invention
will now be described with reference to the accompanying drawings in which:

20 Figure 1 shows a multimedia kiosk adapted to incorporate an iris data
sequence generation unit;

Figure 2 is a schematic illustration, partly in cross-section, of the
arrangement of components within an iris image capture part of the data sequence
generation unit; _ )

25 Figure 3A is an optical ray diagram illustrating the effect of the curved
cold mirror on visible light;

Figure 3B is an optical ray diagram illustrating the passage of infra-red light
reflected from the user's eye;

Figure 4A is a schematic illustration, partly in cross-section, of the

30 arrangement of components within an iris image capture part of a third
embodiment of the present invention in a normal configuration suitable for
video-conferencing; and

Figure 4B shows the image c.a.ptui'e part of Figure 4A in a configuration

suitable for capturing an image of the user’s iris.



4 Figure 1 shows a multinmedia kiosk 1 which is an adapted
version of BT's Touchpoint[err] kiosk. The kiosk is connected via

t el.ecommuni cawgdmidsb nks to renote servers and al so to tper/cnbiexnr7

Swi t.ched Tel ephone Network (PSTN). The kiosk 5 conprises three sections
10, 20, 30 secured together and nounted on & supporting structure 2. The
central user interface section 10 conprises a container housing a

cathode ray tube (CRT) display 12, a printer and a |oudspeaker 13. The CRT
12 di splays information in the formof Werld Wde Vb pages, and %_
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unit integrat ¢iedrieOsdchi6n PR céitiiet@b UndernRathnthial CRT GefieAN CAudi® @ULMN is
30. Furthernore, the_ paynent acceptance section 30 is also angled

appr oxi rratelyp’°"'d°|d|“1“i'€\?r|°‘&§§1’@‘§§ Pnwardly so that the user can divert his
attention fromthe hilsecond cohPonentofithe tiduskiis iastelepbogmsédtion 2Mistcured hout

having to m)v%heh‘ets*t hang qsnd%'o usety interface section 10 and which includes both a telephone
15 handset 22 and a keypad 24 to enable the user to telephone from the kiosk.

The third component of the kiosk is a payment acceptance section 30
secured to the right-hand side of the user interface section 10. The payment
acceptance section 30 has a credit-card slot 31, a coin slot 32 and a refund
chamber 33. As so far described, the kiosk 1 is of conventional design.

20 However, the kiosk of the specific embodiment additionally has an iris
recognition unit integrated into the upper part of the payment acceptance section
30. Furthermore, the payment acceptance section 30 is also angled approximately
fifteen degrees inwardly so that the user can divert his attention from the CRT
screen 12 to the iris recognition unit without having to move his head sideways.

25 The iris recognition unit comprises an 'élongate image capture part 34
rotatably mounted at the front upper corner 6f the payment acceptance part 30
and iris data sequence generating electronics Iocated' in the rear upper part of the
payment acceptance section 30. |

The image capture part 34 comprises an elongate housing having three

30 elongate sides {only two of which 38,39 are visible in the drawing) and two ends.
The housing is provided with a disc-shaped handle 37 at its right-hand end. The
handle 37 is concentric with the axis of rotation of the part 34. One side 38 of
the housing is rectangular and is forwardly directed in a normal orientation (as

shown in the drawing). An adjacent side 39 is of a similar rectangular shape and,
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15 closed by a curved mirror 45 which reflects visible light falling upon it. The

cylindrical wall 41 is provided with a circumferential flange 46 located at a short
distance behind the curved mirror 45.

A charged coupled device (CCD) camera 47 is centrally mounted on a

circuit board 48 held at the bottom of the cylindrical recess 44. The camera 47 is

20 a Watec Wat 660 imager unit and has dimensions of 30mm * 30mm * 18mm.

"The camera 47 is combined with a 12mm lens to provide a focused image of any

object positioned about 100mm in front of the camera. The camera 47 is

responsive both to visible and infra-red light. Two light-emitting diodes (LEDs) {not

shown) are mounted on the forward side of the circumferential flange 46, at its

25 uppermost and lowermost points respectively. Connections to the LEDs run from

the circuit board 48.

The curved mirror 45 is formed from a transparent glass substrate of 5mm

thickness and has the form of part of the surface of the sphere of radius 200mm.

A coating 50 is provided on the rear side of the glass substrate, the coating 50

30 being effective to reflect visible light {whose wavelength lies between around

400nm and 700nm) but to allow the transmittance of light of other wavelengths,

including the infra-red light produced by the LEDs. Those skilled in the art of

manufacturing such coatings will have little difficulty in making a coating having

such properties.



by a finely frosted glass ring 43. The open end of the cylindrical chanber
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the camera 47. '

15 A fluorescent tube 52 formed into the shape of a ring save for its two
ends which point rearwardly is positioned in the annular chamber 42, A ring
shaped infra-red blocking filter 53 is located in the annular chamber 42 directly in
front of the fluorescent tube 52. The two ends of the tube 52 are held in the base

- of the cylindrical recess 44 and are connected to sliding contacts {not shown) on

20- the curved side_ of the image capture part 34.

The electronics associated with capturing a data sequence which
characterises the user's eye are located outside the image capture part 34 of the
iris recognition unit in the upper part of the payment acceptance section 30. One
algorithm which may be executed by the electronics in order to characterise the iris

25 of the user is described in US patent number 5,291,560.  Electronic
communication between the image capture unit and the data sequence generating
electronics is provided by further sliding contacts on the cylindrical surface of the
image capture part 34. Similar sliding contacts are used to allow power to be
transmitted to the fluorescent tube 52, camera 47 and LEDs.

30 In using the modified Touchpoint® kiosk, interaction between the user and
the kiosk may, for example, be as follows. Initially, the user steps up to the kiosk
and views the main menu displayed on the CRT screen 12. He will normally adopt
a position around 500mm from the screen 12 and payment acceptance unit 30 to

do this. The user then uses the touch screen facility to {for example) order some
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I n using the nodified Touchpoint[err] Kios i nteraction between the user
and the kiPBYEPRRAYS OPEnedx afpfecthepimnags has) basRssuccassfuli Fontutade auxeice
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20 -data sequence matches that of the person to whom the card was issued. If such a
match exists, then a signal is sent back to the kiosk to indicate that the
transaction may be allowed.
The function of each of the optical elements used in the image capture
part will now be explained in relation to Figures 4a and 4b. Figure 3a illustrates
25 the interaction of the optical elements with visible light. On the user inserting his
credit card into the payment unit 30, visible light from his external surroundings
and also from the fluorescent tube 52 falls upon his eye (E) and is reflected toward
the cold mirror 45. It is likely that the user will initially be around 500mm from the
mirror 45, and the reflection he sees will therefore be an inverted image of his
30 surroundings. Following the instruction from the kiosk for him to move inwards
towards the mirror 45 until he sees an upright image of his eye, the user will move
towards the mirror 45 and will see the inverted image increase in size until it
becomes an unrecognisable blur. However, as the user moves inwardly from a

distance (F) 100mm from the cold mirror 45, the image (I) will begin to reduce in
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On the user | q‘ﬁ%et éfrkgce rﬁkér s iris should fill a reasonable proportion of the image captured by
the camera 47.

In this position, most of the visible light falling upon the user’s eye (E} will

have emanated from the fluorescent tube 52. The image captured by the camera

20 47 may be spoiled if a reflection of a diffuse infra-red light source is seen by the
camera to Wash out some of the detail of the user’s iris. The function of the infra-
red blocking filter 53 is to reduce the already small component of infra-red light
output by the fluorescent tube 52 further so as to avoid such washing out of the
image.

25 The above has assumed that the cold mirror 45 has no effect on infra-red
light. However, in practice, a small'percentage of the infra-red light may be
reflected by the coating 50. The curved mirror 45 presents a convex surface to
the camera 47 and it is an advantage of the use of a curved mirror 45 that light
from the LEDs undesirably reflected from the coating is generally reflected

30 outwardly away from the camera 47.

In a second embodiment of the present invention, additional guide
markings are painted on the front surface of the curved mirror 45. The guide
markings comprise the central sections of the sides of a horizontally oriented

30mm * 20mm rectangle centred at the centre of the mirror 45.
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15 for both the video-conferencing and the iris recognition enables both the design
aﬁd the use of the apparatus to be simplified.

_ The problem that then faces the designer is that video-conferencing
cameras often cannot provide an image of an object close to the camera, which
image is both focused and magnified to the degree required for iris recognition.

20 The third embodiment (Figures 5A, 5B) implements one solution to this
problem. The embodiment shares many of the features of the first embodiment
illustrated in Figures 1 and 2 and features common to both embodiments are given
like reference numerals and not described further here. In the embodiment, a
Touchpoint® multimedia kiosk is modified by the addition of an iris image capture

25 part and iris data sequence generating electronics. In contrast to the first
embodiment, the iris imaging unit is located on the front upper edge of the central
user interface section and is also used to obtain pictures of the user for use in a
video-conference with another party. The iris data sequence generating electronics
are housed in the central sectic;n behind the image capture part.

30 The iris imaging unit comprises a main body 60 and a slider 70. The main
body is substantially identical to the image capture part described in relation to the
first embodiment, save for the following. Firstly, the forward and upper sides
38,39 have transverse dimensions which are large enough to accommodate a

120mm deep cylindrical recess 40 in the centre of the front side 38. The recess
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a right way uphe right-haed bégd ofahe (riain bédye®. eye, t he user is further pronpted
to move to a dist ANhte sﬁfé(e:rh 70 has two circular apertures 73,74. The left-hand aperture has

15 a diameter of 80mm which holds an annular frosted glass ring 43 identical to that
‘used in the first embodiment. A wall 72 extends 10mm rearwardly from the inner
edge of the glass ring 43. A close-up lens 71 of 70mm diameter is held in the
aperture defined by the inner edge of the wall 72. The front surface of the -

' close-up lens is of identical shape to the rear surface of the curved mirror 45 and is '

20 provided with a similar coating 50. The lens 71 is shaped to have a power of
around 4 dioptres - those skilled in the art of lensmaking will have little difficulty in
producing such a lens.

The right-hand aperture holds a plane glass disc 76 of 70mm diameter.
The rearward side of the disc is coated with an infra-red blocking coating 76.

25 A solenoid and controlling electronics are provided and are operable to

move the slider 70 betwaeen its leftmost and rightmost positions. |

In use, the slider 70 is initially in its leftmost position, and the user may
order goods in the same way as described in relation to the first embodiment
except that he is now additionally involved in a video-conference with a sales

30 assistant at the store from which he wishes to buy goods. If the user elects to
pay using his credit card, then on inserting his card, the slider 70 is driven to its
rightmost position and the fluorescent tube 52 is lit. The user is then asked to
move forward until he can see an upright image of his eye in the mirrored surface

of the close-up lens 71. Once a suitable image of his iris has been captured, he is
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20 an image was reduced from 300mm to 60mm by the addition of such a lens.
Although the above embodiments have used a cold-mirror, it will be
realised by those skilled in the art that the camera could be responsive to visible
light and a partially reflecting mirror could be used. The infra-red LEDs could be
replaced with white light LEDs (now manufactured by Nichia of Japan) and a
25 portion of the light from them reflected on the ueer's face would fall on the mirror
and be reflected thereby enabling the user to position himself correctly. The
remainder of the visible light could provide the required image of the user’s iris.
In some embodiments, the visible light ‘reflector could be formed of a
combination of optical elements. For example, the curved mirror described above
30 could be replaced by a combination of a suitably selected lens and a planar mirror.
Both the above embodiments feature a spherioal mirror 45 which presents
a concave surface towards the user. However, it is possible, for example, to use
an aspherical mirror which is designed to distort the user’s reflection if the user is

incorrectly transversely aligned.
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shaped to have a power around 4 dioptres - those skilled in the art
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working distance from the apparatus. An advantage of using a concave mirror is
that it cannot focus light onto the user’s eye. There will therefore be fewer safety
related design constraints in embodiments using a concave mirror, |

20 The above embodiments have related to a kiosk having an integral iris
recognition unit. However, a curved mirror might also be placed in the entrance
window of the hand-held imager described in International Patent Applications WO
97/46978, WO 97/46979, and WO 97/46980.  The curved mirror would then
have a diameter of only around 2cm and would have a radius of curvature so as to

25 create a focal point around 5cm from the mirror. In this way a hand-held imager is
created that advantageously does not require the user to bring the imager right up
to his eye.

It will be seen how the embodiments of the present invention provide an
inexpensive facility allowing a user to adopt a preferred position in relation to an

30 imaging apparatus.
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back to its |eflppsl, ga?aﬁrerta t%no?ﬁrable to capture a;mﬁmgpg ioﬁe‘g{ Wg'or??? h&e&é’j}l

elenents in the thlrd enbo
slider 70 i $ ifeatures btfa nsest llgiustetﬂleoted(ﬁorgusam 4dgial teaturemrteavalling Saldng \ahews

the user thr OUGEIRYBRcel ABR Hetfiod B sl Batlbapfaralill 10, 0011 C2

power and does no ances ov I'ch the camera can .
f ocus. However, the a:voablerhghﬂl&ﬂectot Hispasedc in/ises alrots saitl @ptitarpatieandnduch- r ed

bl ocking fil te{hawp'l C\Eepggnp Chls ré‘fiE‘&Ygﬂ tlté’rg%ﬁ]er n%hqg‘iﬁ'&t‘%nﬁwsﬁggs%}nteh@as gmera

can operate nornally as a col our Vi deo-¢on enci Tder
70 is 10 in tihéica'@frt trothe psesithatohe is within ‘a preferreﬂcmaepf digtamceshicora| theer
70 is in it #mrﬂmt position (Figure 4B), the coating 50 on the
out er surface 0 e close-up lens 71 prevents visible light from

reachi ng the carrera 47. The surfaces of the lens 71 are effective to

refract #f ra-red pa%%s 88 ﬂ, &Eﬂm Rovm% dé#%ndqgﬁecﬁgrf L&ﬁ%?s%sfo%grprt he

user's eye. The lens 1 as posi e power an
magni fi cati on ang w@alpdymntarmjch in cominatiom.r hﬁwtateomaEpaV\@hamaderﬁhlah at
| east one thirgef the field of view of the

16
3. An apparatus according to claim 1 or 2 wherein said reflector has a

reflecting surface shaped so as to present said positive visual indication.

4. An apparatus according to claim 3 wherein said visible light reflector

20 comprises a curved reflector whose concave surface is viewed by the user.

5, An apparatus according to claim 3 wherein the positive optical indication

is the uprightness of the reflection.

256 6. An apparatus according to any oné of claims 2 to 5 wherein said reflector

comprises a mirror.

7. An apparatus according to any one of claims 2 to 5 wherein said reflector
comprises a lens having a reflective coating thereon.

30
8. An apparatus according to any preceding claim wherein said reflector is
provided with markings to be aligned with one or more of the user’s facial

features.

L



canera) lowers the lower |imt of the range of distances over which the
canera 47 can provide a focused inmage suitable for iris recognition
pur.poses. | n p@eddign, the obj ect di stance at whi ch the pgoprisoidsh78331
col qur camer.a bl ock coul d provide such 20 an inage was reduced from 300mm
to 60mm by the addition of such a lens. 14 Al t hough the above
enbodi nent.s have used a cold-mrror, it wll be real i sed by those
skilled in theart ?A aépﬂahﬁu?%%r@mﬁ(ﬂdl Q\\})Srerceélﬁerb?él?ﬁew%@rem §519|&mera is | ght
and a partlally reflecting mrror use he infra-red LEDs could
be . repl acé@lsnnhslhe\‘rmr\tJ'eViSibMQhEEm aamwfham@ewarféa n#ysaqecw gaidfnodapan)
and a 25 poﬂvéghgghghe light fromthemreflected on the user's face woul d
fall on the mrror and be reflected thereby enabling the user to
position hinself correctly. The remai nder of the visible light could
provi de thegragli r edni JRARuN aéé&?dlh&% afly 'pFéc'éde claim wherem éarh 2 Hratus is
enbodlnents the visible l'ight reflector” coul for med

conbi nati on ofandps imagingcInpaeatess. For exanpl e, the curved nlrror descri bed
above 30 could be replaced by a conbination of a suitably selected |ens
and a planar mrror. Bot h t he above enbodi nents feature a
spherical nirrlde 45ARHAeNifisatianARRAratus campgsing \A TagiAl feature; IASINGsaRPAERTYS o |
However, it i ScB@ampPloCany %ec%&ﬁﬂmlﬁm,té)s’eb?ﬁ‘ge meafs sSASHHIEbAE 3 dre! REialhi Ch

is deS|gned to distort the user reflection if the user is “incorrectly
transver sel 9 é?qtgwe@pta sequences and a comparison means for comparing facial feature data

12 sequehced ABFivddRbANEHY 8f oS imidie éBthined bY WatimagingOdppbRiuat a
di stance from t he aperture, even when in use. For egﬁggmagethe mrror

mi ght be pl ac&yth W?Pd‘é o frore fac'?\é%?é?'ﬁg’%?ﬁ%&"?%es‘%'ﬁgﬁ? means. . The
200mm radi us of curvature of the reflecting surface used in the above 5
enbodi nents was chosen because it results in the user being constrained to
adopt

—_—

I




a position wthin a narrow range of distances fromthe canera. In

princi pl e, however, the curvature of- the mrror could be rel axed to,
for. exanpl e, rwobpuzmen of curvature as great as 1 m |t irCTCESARNTE
however that.an auto-focus canera woul d t hen be needed. Although
obtai ning a suitably magnified focused _ijgage would 10 then be possible

w t hout the use of a close-up |ens, dﬁggns oW ng to canera shake or
user novenent m ght then becone apparent. The above enbodi nents
descri be the use of a concave mrror. However, a convex mrror mght
al so be used. ‘In such enbodinents, the user would perceive the size
of his reflection to increase in relation to the size of the mrror as 15
he advanced towards the mrror. Then mirror could be marked so that the

user's refl ection becane aligned with the markings on the user reaching
a preferred wor ki ng di stance fromthe apparatus. An advantage of using
a concave mrror is that it cangpigoelus | ight onto the user's eye.
There will therefore be fewer safet *r'ef at ed design constraints in
enbodi ments using a concave mrror. 20

related to a kiosk having an integral iris ecognition unit. However, a
curved mrror mght also be placed.in the entrghce wi ndow of the

hand- hel d i mager described in LAternati onal Patent

97/ 46978, WD 97146979, and W

have a diameter of o
as to 25 create a ffocal J T g
hand- hel d i mager ig/ = S at advaptageds
user to bring the j i t o hi s le\jH

seen how t he enbod _22 i nvent iy
adopt| 4

;Eg1above enbodi nents have

Appl i cations WO

irror would then

a@ us of curvature so
ror. 38 this way a
equire the
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CLAI M5 1. A facial feature inmaging apparatus conprising:

a canera apparatus operable to capture an inmage of one or nore facial 5
features of awoedniste ght reflected fromsaid facial featurepdriciogbdirng
al ong an . optical path fromsaid facial features to said canera

appar at us; a visible light reflector disposed, in use, across
said optical path, and such that t&&user can see his reflection
therein, which reflection gives a positive visual i ndication to the
user that he is within a preferred range of distances fromthe 10 canera.
2. . An apparatus according to claim1l wherein said reflector conprises
one or nore optical el errents whi CE nzonbi nation, have an optical
power greater than zero. |§; An appar atus according to
claim 1 or 2 wherein said reflector has a reflecting surface shaped
So as to present said positive visual indication. . ~34 An
apparatus according to claim3 wherein said visible Ilght efl ector 20
conprises a curyed reflector ses?

5. An appar atus ac ding to clgﬁp1 b6 the positive optica
i ndi cation IS the%ﬁbrlghtness t he J i

25 6. Ar
appar atus accQrding to any one g = T, v S S ®in said reflectd
conpri ses a L. 42

—————— = | — = - — —
: ol
N

45 ~47

Fig.3B.
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7. An apparatus according to any one of clains 2 to 5 wherein said

refl ector conprises a lens having a reflective coating thereon. 30

8. - An appam@ei¢®cordi ng to any precedi ng clai mwherein s@broehiert or
is - provided with markings to be aligned with one or nore of the user's
faci al features. 14
9. An appar atus according to any pr@ggding claimwherein said canera is
responsive to non-visible Iight and said reflector allows the passage of
sai d non- . visible light. 5 10. An apparatus according to any
precedi ng cl aimwherein said apparatus is an iris imagi ng apparatus.

11. An identification apparatus conprising a facial feature imging

appar at us according to any preceding claim a storage nmeans storing one
or nore facial 10 feature data sequences and a conpari son neans for

conparing facial feature data seqpiﬂgﬁi%zgrived fromone or nore images
obt ai ned by the inmaging appar at us *one or nore facial feature

dat a sequences stored in the.storage neans. /{,60
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