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RETINAL VASCULATURE PATTERNS (71)   I, ROBERT BRIAN HILL, a citizen  data
for subsequent comparison with simi- of the United States of America, and
having  larly produced data for identification pur- my full post office
address at 1329 Broadway, poses. Longview, Washington, United States of
The invention also consists in an apparatus 5 America, do hereby declare
the invention, for producing a record and identifying a 50 for which I pray
that a patent may be granted  person by his. or her retinal vasculature to
me, and the method by which it is to be  pattern, comprising means upon
which an performed, to be particularly described in  eye of the person can
be fixated and consti- and by the following statement:-       tuting a
fixation point located at a predeter- 10   This invention relates to an
apparatus and  mined distance from the lens of the eye; light 55 method for
verifying a person's identity. It scanning means for scanning the eye in a
relates in particular to such an apparatus and  predetermined pattern,
after it has become method which utilizes comparison of retinal fixated;
light detecting means for detecting vasculature patterns for identification
verifi- that portion of the light which is reflected 15 cation.
from the retina of the eye to produce data 60 In the current
machine-oriented society  identifying the positions at which blood there is
a need for rapid, positive verification  vessels in the retina intercept
the predeter- of a person's identification automatically. mined scanning
pattern; means for recording Prior art methods of verification include
such data; and means for recalling the 20 photographs, fingerprints,
signatures, voice  recorded data and comparing it with subse- 65 prints, or
presentation of an identification  quently obtained data for verifying the
iden- number, either by the person or by a  tity of the person. magnetic
strip on a card.                In order that the invention may be more The
first four of these methods are not readily understood, reference will now
be 25 adaptable to automatic machine verification  made to the accompanying
drawings, in 70 as an operator is required to make a subjec-  which:- tive
comparison. Even if the particular com-    Figs. IA and 2A are diagrammatic
plan parison could be made by a machine, it views of retinal blood vessels
overlayed on a would be time consuming to interpret the  light scanning
pattern used in the method of 30 data and make the comparison. Thus on-the-
the present invention;             75 spot verification would not be
feasible.  Figs. 1B and 2B are diagrammatic views of The use of a number.
while capable of the patterns of Figs. IA and 2A showing the automation,
poses serious security problems  intercept points of the blood vessels with
the since either the number or card containing it pattern; 35 are subject
to loss or theft.             Fig. 3 is a diagrammatic view of one 80 The
invention consists in a method of embodiment of apparatus of the present
producing a record for identifying a person  invention: and by his or her
retinal vasculature pattern,   Fig. 4 is a fragmentary, detailed plan view
comprising scanning an eye of the person in  of a portion of the retina of
a person's eye 40 a predetermined pattern with light scanning  which is
utilized in the identification.  85 means, detecting the light signals
reflected    The hereindescribed identification method from the retina of
the eye to produce data  takes advantage of the fact that of all human
identifying the positions at which blood  physiological features, the
retinal image is vessels in the retina intercept the predeter- one of the
best identifying characteristics. 45 mined scanning pattern. and recording
such  This is for the reason that each retinal image 90    2
1,593,001                                       2          3 is unique to
the individual. It is unique in:  tected. thereby locating each intercept
of the the number of major blood vessels in the area  scanning pattern and
a blood vessel. The of the optic disc; the relative angle of these
intercept pattern then is recorded for future major blood vessels as they
emerge from the  comparison. 5  optic nerve; the branching characteristics
of    Subsequently the person's eye is scanned  70    5i the blood vessels;
and the size of the optic  again and the intercept pattern recorded. The
disc.                                     subsequent pattern then is
compared with Also, the retinal image is not likely to  the stored pattern
to verify the person's 



change significantly with time.           identity. 10   It is impossible
to counterfeit the retinal    The apparatus employed for this purpose 75
10 image. Because the identifying characteristic  is indicated
diagrammatically in Fig. 3. It involves the subject's function of seeing.
includes a viewing hood 10 arranged for changing the retinal image is
impossible.    indexing a person's eye 12. The viewing hood Still further,
because of relatively simple  is configured for shading the person's eye 15
optical access, the retinal image is easy to  from ambient light. Means
upon which the 80       15 acquire. Focusing of the eye  aids in its
person's eye can be fixated, such as a fixation acquisition. The fixation
ability of the eye  light source 14, is located on the apparatus in aids
alignment. The eye provides much of  a manner such that it can be viewed
through the optics required to obtain the image.  the viewing hood. 20
Also, retinal images are easily susceptible    Light scanning means for
scanning the 85       20 to automated acquisition. No subjective in-
person's eye in a predetermined pattern is terpretation of data need be
made. The  located on the apparatus where it can be seen number of
variables is small, making the  by the eye. In the embodiment illustrated,
identification process simple and reliable to  the scanning means comprises
a moving spot 25  automate.                                 light source
16.                          90 The resulting intercept pattern is
recorded,    More particularly, the moving spot light along with an
identification number assigned  source comprises 360 light-emitting diodes
to the person, for recall and comparison with  which are located adjacent
to one another in a subsequently obtained intercept pattern of a
predetermined pattern, which in this case is 30  that person for verifying
his identity.   a dual concentric circular pattern. As noted, 95      30
The apparatus comprises a fixation light  the light-emitting diodes emit a
green light source upon. which the user's eye can be  which is
complementary to the red of the fixated at a predetermined location, a
flying  blood vessels causing that portion of the light or moving spot
light source comprising 360  pattern which intercepts a blood vessel to be
35  individual light-emitting diodes arranged in  absorbed effectively by
the blood vessel.   100   35 a dual concentric circular pattern a light
The inner circle has a diameter which falls source driver arranged for
illuminating and  on the surface of a cone having a [err] included then-
darkening each of the light-emitting  angle which radiates from the lens of
the eye diodes in a rapid sequential manner for  when the eye is oriented
in the viewing hood. 40  scanning the eye, and a photodetector for  There
are 120 light-emitting diodes in the 105 detecting the reflected portion of
the light  inner circle spaced at [err] intervals. source pattern.
The outer circle has a diameter falling on A computer activates the various
elements  the surface of the cone having a 12' included of the apparatus
for obtaining the intercept  angle. 240 Light-emitting diodes are located
45 45  pattern, and then stores and recalls the  on the outer circle at
1-1/2' intervals. Thus 110 intercept pattern thus obtained for compari-
the spacing between adjacent light-emitting son with a subsequently
obtained intercept diodes in both circles is equal. pattern.
The light-emitting diodes are numbered Preferably the eye is indexed
relative to the  consecutively starting with the inner circle.  50 50
fixation point so that the fixation point is  Figs. 1B and 2B show the
respective layout 115 located at a predetermined distance and  and
numbering of the light source pattern. A orientation relative to the lens
of the eye. light source driver 17 is connected to the This procedure
causes a particular section of  moving spot light surce for illuminating
and the eye to be presented in order to obtain a  then darkening the
light-emitting diodes          55 55  repeatable pattern.
sequentially according to their numerical 120 Once the eye is fixated, it
is scanned in a  designation. Thus only one light-emitting predetermined
pattern with light scanning  diode in the pattern is illuminated at any
means to intercept the major retinal blood  time. vessels. Preferably the
light is monochroma-    Although other light source patterns could      60
60  tic (green) so that it substantially will be  be utilized, statistical
analysis has shown that 125 absorbed by the dark red of the blood vessels
the pattern selected is efficient in differentiat- and substantially will
be reflected by the  ing the retinal vasculature pattern of hu- retinal
tissue causing a high contrast between  mans. tissue and vessels.
A collimating lens 18 is located between            65 65    The reflected
portion of the light is de-  the moving spot light source and the eye in
130    3                                       1,593,001
3 order to transmit a collimated beam of light  the computer memory bank
comprises an from the light-emitting diodes.           outside computer
which is located separately The reflected light, which represents that  of
the digital computer of the apparatus. portion of the light pattern which
does not  Thus a single outside computer can service a 5  intercept a blood
vessel, is deflected by a  number of units and can store the retinal 70
beam splitter 20 to a photodetector 22. In  intercept patterns and
identification number operation, as will be more fully explained  of many
persons. The outside computer is 



later, the photodetector is activated by acti-  interconnected to the bus
27 through an vation means cyclicly in synchronization  asynchronous
communications  interface 10 with the illumination sequence of the light-
adapter (ACIA) 40.               .    75 emitting diodes.
Connected to the computer through PIA II The photodetector is connected to
an  33 is a display means 41 for indicating to the image processor 24 which
converts the an-  user whether the stored intercept pattern alog output of
the photodetector to a binary  matches the subsequently recorded pattern.
15 code. For example, a binary I corresponds to   The operation of the
hereinbefore de- 80 the relatively low light level of a vessel scribed
apparatus is as follows: intercept and a binary 0 corresponds to the    The
user activates the apparatus by press- relatively high light level
reflected by the  ing an on-button (not shown) which is retinal tissue.
Where a light-emitting diode's  located on keyboard 36. The fixation light
20 projection on the retina intercepts only a  source 14 is illminated and
computer 26 is 85 portion of a vessel, the corresponding output  activated
so that the operational program depends upon what portion of the vessel is
stored in ROM  28 is executed by the intercepted.
microprocessor 30. A digital computer 26 the components of    The user
places his eye against viewing 25 which are interconnected by a bus 27 is
hood 10 and focuses on the fixation light 90 interconnected to the light
source driver 17,  source. The fixation light source is mounted and the
image processor 24. The digital  in such a manner that when the user
fixates computer includes a read-only  memory  on it, the moving spot light
source is centered (ROM) 28 which contains the instruction set  on the
person's optic nerve head. This is the 30 for operation of the computer.
The read-only  blind spot of the retina.              95 memory is
connected to a microprocessor    Simultaneously the user presses a start
(MP) 30. The microprocessor comprises a  button (not shown) located on
keyboard 36. commercially available computing device  This  extinguishes
the fixation light source which executes the instructions located in the
and signals the computer to initiate the scan 35  ROM  for operating the
apparatus. The  by the moving spot light source 16.         100
microprocessor is connected to the image    More particularly, the number I
light- processor through a first peripheral interface  emitting diode is
illuminated by light source adapter (PIA 1) 32 which includes a commer-
driver 17 through PIA II 33. The light from cially available input-output
module. The  the light-emitting diode is focused by the 40 microprocessor
is connected to the light collimating lens 18 through beam splitter 20 105
source driver 17 through a second peripheral  onto the user's eye 12. The
lens of the eye interface adapter (PIA 11) 33 which is similar  then
focuses the light against the retina. The to PIA 1 32.
light is reflected off the retina back to beam A random access memory (RAM)
34 is  splitter 20 where it is deflected to be sensed 45  connected to the
microprocessor through bus  by photodetector 22.                  110 27
and serves as a means for storing the    This process is illustrated best
in Fig. 4 intercept pattern obtained from the digital  where a vessel 46 is
shown passing through a output of the image processor. The RAM   segment of
retinal tissue 48 with one of the also stores the subject's identification
number  scan paths 50 passing through the vessel. The 5            50 along
with his intercept pattern. The RAM   projections 51 of a light from a
portion of the 115 comprises a commercially available read-  light-emitting
diodes are shown in phantom write memory unit.                        as
they intercept the retinal tissue. Lines 52 A keyboard 36 which is
connected to PIA I  and 54 represent the path of the incident and 32 serves
for inputting the identification  reflected light respectively when the
light 55 number, and contains the switches for acti-  does not intercept
the vessel. Line 56 repre- 120 vating the apparatus. An identification dis-
sents the path of incident light which does play 38 also is connected to
PIA I 32 for  intercept the vessel and thus is not reflected. displaying
the number input on the keyboard    The image processor 24 then converts
the to verify that the subject has entered his  analog output of the
photodetector into a 60  identification number correctly.          digital
signal. A binary l corresponds to a 125 A computer memory bank (not shown)
relative low level of reflected light indicating serves as means for
storing intercept patterns  a vessel intercept and a binary 0 corresponds
and for comparing one of the stored intercept  to a relatively high level
of reflected light patterns with a subsequently recorded inter-
corresponding to no vessel intercept. Accord- 65. cept pattern. In the
embodiment illustrated  ingly. either a binary I or a binary 0 is 130    4
1,593,001                                         4 entered into RAM 34 at
the location selected  each  individual and are not subject to for that
particular light-emitting diode.  significant change with time; and that
the The microprocessor advances the light  identifying indicia cannot be
altered or source driver one step darkening the first  counterfeited
readily. Further. the apparatus 5  light-emitting diode and illuminating
the  is inexpensive to produce and is adaptable to  70 second
light-emitting diode. The micropro-  automation. 



cessor likewise advances the RAM to accom- modate the signal acquired by
the photode-    WHAT I CLAIM  IS:- tector 22 from this light-emitting
diode.     1. A method of producing a record for 10    The apparatus
continues this procedure  identifying a person by his or her retinal 75
until all of the light-emitting diodes have  vasculature pattern.
comprising scanning an been illuminated and their reflected output  eve of
the person in a predetermined pattern recorded. Thus the RAM contains a
binary  with light scanning means. detecting the light array with I's at
each location where a vessel  signals reflected from the retina of the eye
to 15  intersects with the dual concentric circular  produce data
identifying the positions at 80 light pattern projected by the moving spot
which blood vessels in the retina intercept the light source on the
subject's retina.       predetermined scanning pattern, and record- The
scan is completed rapidly to prevent  ing such data for subsequent
comparison the user's eye from leaving the fixation light  with similarly
produced data for identifica- 20  source. A typical scan would take
approxi-  tion purposes.                             85 mately 1/30th of a
second.                    2. A  method as claimed in claim  1, Intercept
patterns are shown in Figs. I B  wherein. prior to scanning the eye. the
eye is and 2B indicating the intercept point 42 for  caused to become
fixated on a fixation point two typical eyes. The blood vessel patterns 44
located at a predetermined distance from the 25  that correspond to these
intercept patterns  lens of the eye and the fixated eye is then  90 are
shown in Figs. IA and 2A respectively  scanned. overlying the moving spot
light source array.    3. A method as claimed in claim I or 2, Since every
eye has an individual blood  comprising scanning the eye with substan-
vessel pattern. each has a unique intercept  tially monochromatic light
scanning means. 30  pattern.                                      4. A
method of producing a record for 95 Since each intercept point is at a
numerical  identifying a person by his or her retinal location on the
pattern, a listing of those  vasculature pattern, substantially as herein-
numbers having an intercept point defines  before described. the particular
eye. Such a listing is given in    5. An apparatus for producing a record
35  Figs. I B and 2B. This is the listing that is  and identifying a person
by his or her retinal 100 compared by the external computer.
vasculature pattern, comprising means upon After the scan is completed an
indicator  which an eye of the person can be fixated and (not shown) is
illuminated by the micropro-  constituting a fixation point located at a
cessor telling the user to enter his identifica-  predetermined distance
from the lens of the 40  tion number on keyboard 38. The identifica-  eye;
light scanning means for scanning the 105 tion number is written into RAM
34 along  eye in a predetermined pattern, after it has with the intercept
pattern and the number is  become fixated; light detecting means for
displayed on identification display 38 for  detecting that portion of the
light which is verification by the user.                  reflected from
the retina of the eye to 45    The microprocessor now  transmits the
produce data identifying the positions at 110 contents of the RAM  through
ACIA 40 to  which blood vessels in the retina intercept the the outside
computer, which contains a  predetermined scanning pattern; means for
comparison program and has all the refer-  recording such data; and means
for recalling ence intercept patterns in storage. The corn-  the recorded
data and comparing it with 50  puter searches its storage for the intercept
subsequently obtained data for verifying the 115 pattern corresponding to
the user's identifica-  identity of the person. tion number and compares
this intercept    6. Apparatus as claimed in claim  5, pattern to the one
just obtained.          wherein the means upon which the eye can If there
is a match. it sends a signal back to  be fixated comprises a point light
source. 55  the digital computer 26 of the. apparatus    7. Apparatus as
claimed in claim 5 or 6, 120 which activates display means 41, verifying
wherein the light scanning means comprises the users identity.
a moving spot light source comprising 360 It will be apparent from the
above that the  individual light-emitting diodes arranged in described
embodiments of apparatus and  a dual concentric circular pattern, and a
light 60  method allow verification of a persons identi-  source driver
means for illuminating and 125 fication automatically without the aid of an
then darkening each of said light-emitting operator, that the verification
of a person's  diodes in a rapid, sequential manner. identification is made
in a short period of    8. Apparatus as claimed in claim  7, time; that
there is little or no chance of error,  wherein the inner circle of the
circular 65  that the identifying indicia are unique to  pattern lies on
the surface of a cone projec- 130    4
1,593,001                                         4 entered into RAM 34 at
the location selected  each individual and' are not subject to for that
particular light-emitting diode.  significant change with time; and that
the The microprocessor advances the light  identifying indicia cannot be
altered or source driver one step darkening the first  counterfeited
readily. Further the apparatus 5  light-emitting diode and illuminating the
is inexpensive to produce and is adaptable to  70 



second light-emitting diode. The micropro-  automation. cessor likewise
advances the RAM to accom- modate the signal acquired by the photode-
WHAT I CLAIM IS:- tector 22 from this light-emitting diode.    1. A method
of producing a record for 10    The apparatus continues this procedure
identifying a person by his or her retinal 75          10 until all of the
light-emitting diodes have  vasculature pattern, comprising scanning an
been illuminated and their reflected output  eye of the person in a
predetermined pattern recorded. Thus the RAM contains a binary  with light
scanning means. detecting the light array with I's at each location where a
vessel  signals reflected from the retina of the eye to 15  intersects with
the dual concentric circular  produce data identifying the positions at 80
15 light pattern projected by the moving spot which blood vessels in the
retina intercept the light source on the subject's retina.
predetermined scanning pattern, and record- The scan is completed rapidly
to prevent  ing such data for subsequent comparison the user's eye from
leaving the fixation light  with similarly produced data for identifica- 20
source. A typical scan would take approxi-  tion purposes.
85 mately 1/30th of a second.                   2. A  method as claimed in
claim  1, Intercept patterns are shown in Figs. I B  wherein, prior to
scanning the eye, the eye is and 2B indicating the intercept point 42 for;
caused to become fixated on a fixation point two typical eyes. The blood
vessel patterns 44  located at a predetermined distance from the 25  that
correspond to these intercept patterns  lens of the eye and the fixated eye
is then  90       25 are shown in Figs. IA and 2A respectively  scanned.
overlying the moving spot light source array.    3. A method as claimed in
claim I or 2, Since every eye has an individual blood  comprising scanning
the eye with substan- vessel pattern. each has a unique intercept  tially
monochromatic light scanning means.             30 30  pattern.
4. A method of producing a record for 95 Since each intercept point is at a
numerical  identifying a person by his or her retinal location on the
pattern, a listing of those  vasculature pattern, substantially as herein-
numbers having an intercept point defines  before described. the particular
eye. Such a listing is given in    5. An apparatus for producing a record
3- 35  Figs. I B and 2B. This is the listing that is  and identifying a
person by his or her retinal 100 compared by the external computer.
vasculature pattern, comprising means upon After the scan is completed an
indicator  which an eye of the person can be fixated and (not shown) is
illuminated by the micropro-  constituting a fixation point located at a
cessor telling the user to enter his identifica-  predetermined distance
from the lens of the 40  tion number on keyboard 38. The identifica-  eye;
light scanning means for scanning the 105 tion number is written into RAM
34 along  eye in a predetermined pattern, after it has with the intercept
pattern and the number is  become fixated; light detecting means for
displayed on identification display 38 for  detecting that portion of the
light which is verification by the user.                  reflected from
the retina of the eye to 45    The microprocessor now  transmits the
produce data identifying the positions at 110 contents of the RAM  through
ACIA 40 to  which blood vessels in the retina intercept the the outside
computer, which contains a  predetermined scanning pattern; means for
comparison program and has all the refer-  recording such data; and means
for recalling ence intercept patterns in storage. The com-  the recorded
data and comparing it with 50  puter searches its storage for the intercept
subsequently obtained data for verifying the 115 pattern corresponding to
the user's identifica-  identity of the person. tion number and compares
this intercept    6. Apparatus as claimed in claim  5, pattern to the one
just obtained.          wherein the means upon which the eye can If there
is a match, it sends a signal back to  be fixated comprises a point light
source. 55  the digital computer 26 of the apparatus    7. Apparatus as
claimed in claim 5 or 6, 120 which activates display means 41, verifying
wherein the light scanning means comprises the user's identity.
a moving spot light source comprising 360 It will be apparent from the
above that the  individual light-emitting diodes arranged in described
embodiments of apparatus and  a dual concentric circular pattern, and a
light 60  method allow verification of a persons identi-  source driver
means for illuminating and 125 fication automatically without the aid of an
then darkening each of said light-emitting operator, that the verification
of a person's  diodes in a rapid, sequential manner. identification is made
in a short period of    8. Apparatus as claimed in claim  7, time; that
there is little or no chance of error;  wherein the inner circle of the
circular 65  that the identifying indicia are unique to  pattern lies on
the surface of a cone projec- 130    5
1,593,001                                      5 ting from the eye of the
person and having an  computer. included angle of approximately 6' and the
17. An apparatus for producing a record outer circle of the circular
pattern lies on the  and identifying a person by his or her retinal surface
of a cone projecting from the eye of vasculature pattern, constructed and
adapted 



5 the person and having an included angle of to operate substantially as
hereinbefore de- 70 approximately [err].                     scribed with
reference to the accompanying 9. Apparatus as claimed in claim 7 or 8,
drawings. wherein all of the light-emitting diodes are illuminated and
darkened inapproximately         BARON & WARREN, 75           10  1/30 of a
second.                                  16 Kensington Square, 10.
Apparatus as claimed in claim 7, 8 or            London W.8. 9, wherein the
color of the light emitted from    Chartered Patent Agents. the light
emitting diodes is green. 11 . Apparatus as claimed in any of
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon)
Ltd-1981. Published at The Patent Office, 80           15 claims 7 to 9,
wherein the means for detect-        25 Southampton Buildings, London. WC2A
1AY, ing the reflected portion of the light com-      from which copies may
be obtained. prises a photodetector, an image processor for converting the
output of the photodetec- tor into binary code, and means for activat- 85
20 ing the photodetector cyclically in synchroni- zation with illumination
of the light emitting diodes. 12. Apparatus as claimed in claim  11,
wherein the means for recording the data, 25  recalling the recorded data,
illuminating and darkening the light-emitting diodes, and activating the
photodetector comprises a digital computer which is interconnected to the
moving spot light source, and the image 30 processor. 13. Apparatus as
claimed in any one of claims 5 to 12, including display means for
indicating  whether the  recorded  data matches the subsequently obtained
data. 35   14. Apparatus as claimed in claims 12 and 13, wherein the
computer comprises: a read only memory for storing instructions for
operation of the apparatus; a microprocessor interconnected to the read
only memory for 5             40 executing the instructions contained in
the read only memory; a first peripheral interface adapter interfacing the
image processor and the microprocessor; a random access memory connected to
the microprocessor for storing 45  the data; a computer memory bank for
storing previously obtained data with subse- quently recorded data; and a
second periph- eral interface adapter interconnecting the microprocessor to
the light source driver, to 50  the computer memory bank. and to the
display means. 15. Apparatus as claimed in claim  14, including a keyboard
interconnected to the computer for initiating its operation, and for 55
entering the person's identification into the computer, and means for
storing and recall- ing the appropriate identification together    - with
the data. 16. Apparatus as claimed in claim 14 or 60  15, wherein the
computer memory bank includes an outside computer located separ- ately from
the digital computer, the digital computer further including an
asynchronous communications interface adapter intercon- 65 necting the
microprocessor and the outside    


