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A non-invasive method and system to determine face and
object processing in a human subject, said method with high
temporal resolution, user-friendly and portable, including
steps of obtaining a subject’s baseline cerebral blood flow
velocity in cerebral arteries using a transcranial Doppler
ultrasound instrument with sample volumes focused on
cerebral vessels on both sides using two probes placed on the
temples and calculating laterality index for both arteries.
Simultaneously, testing the subject with face and object
processing tasks presented on the screen of a digital com-
puter and using a computer input peripheral device while
simultaneously monitoring the mean blood flow velocity
during each stage of the task in real-time. Processing the
acquired data using a microprocessor operatively connected
to a computer workstation for image retrieval.
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NONINVASIVE TRANSCRANIAL DOPPLER
ULTRASOUND FACE AND OBJECT
RECOGNITION TESTING SYSTEM

BACKGROUND OF THE INVENTION

[0001] This invention is related to computerized systems
and methods for determining facial and object recognition
using a portable non-invasive transcranial Doppler ultra-
sound equipment operatively connected to a microcomputer,
and the system linked to a computer workstation. In recent
years development of cognitive neuroscience has sort ways
to monitor facial and object recognition with the aim to
identifying underlying neuropsychological mechanisms.
The mechanisms involved in face and object recognition are
complex and combine multi-modal memories that permit the
experience of familiarity with a given face or object. It has
been suggested that, face processing comprise at least three
phases: the first, initial formation of a percept originating
from the given face, the second phase involves matching the
percept to pre-existing stored information, and the third
phase involves a contextual non-verbal and/or verbal evo-
cation (Kim, et al., 1999).

[0002] However, monitoring facial and object recognition
has not been an easy task. Currently, there is no compre-
hensive and universal approach for face and object recog-
nition monitoring that could be implemented in forensic
analysis of faces and objects associated with a crime scene.
In other cases face and object processing could be applied in
the advertisement industry to select the face on the cover of
magazines or for product promotion. Similarly, the facial
expression of a famous politician on a campaign poster
during could go a long way to create a desirable impression
on voters. Other areas of application include use in plastic
surgery when it becomes essential to change particular
features of the face to reach a desirable target, for example
an actress could wish to change some facial features to
improve her sexual appeal among male fans using the brain
effects evoked by the face of a famous actress. Object
perception is crucial for marketing for example in the design
of a new brand of car certain external features could be
enhanced by using the known brain effects of these selected
features from an old successful brand. To address these
problems more effectively, it is important to understand the
basic brain mechanisms that underlie face and object rec-
ognition. The neuroanatomical correlates of face processing
have been fairly well studied. During the perception of
faces, major activation occurs in extrastriate areas bilater-
ally, particularly in the fusiform gyri (Haxby, et al., 1991,
Sergent, Ohta, & MacDonald, 1992; Kanwisher, McDer-
mott, & Chun, 1997) and in the inferior temporal gyri (Puce
et al., 1995). The fusiform gyrus is activated by all face-
processing tasks, suggesting that this area is involved in the
first phase of perceptual operations not involving encoding
and retrieval of the second phase (Haxby, et al., 1996).
Activation of the fusiform gyrus is non-specific and has been
implicated in visual discrimination of color or shape (Cor-
betta, et al., 1991; Zeki, et al., 1991) and even by visually
presented words (Nobre, Allison, & McCarthy, 1994), but
not by visual stimuli like chequerboards or dot patterns (Fox,
et al., 1986; Fox, et al., 1987). Neuroimaging studies on the
other hand, suggest that occipitotemporal regions were more
active during face perception than during object perception
(Sergent, Ohta, & MacDonald, 1992), during face matching
than during location matching (Haxby, et al., 1991; Haxby,
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et al., 1994) and during face perception than while viewing
scrambled faces (Puce, et al., 1995) or textures (Malach, et
al., 1995; Puce et al., 1995). Thus, it has been suggested that
different regions of the extrastriate cortex process different
visual stimulus attributes. However, there is overwhelming
evidence that neural substrates specialized for face percep-
tion, and not merely for object perception, exist in the
extrastriate cortex.

[0003] Currently, the use of imaging techniques such as
positron emission tomography (PET) and fMRI cannot be
used for a single subject real-time face and object recogni-
tion monitoring under normal everyday conditions. Electro-
physiological devices particularly the electroencephalogra-
phy (EEG) has been used along with other physiological
variables such as eye movement, scalp and facial muscle
activity, heart activity, respiration and skin conductance to
determine the state of mental performance in general. The
patent U.S. Pat. No. 5,295,491 to Gevins described a testing
method and system for testing the mental performance
capability of a human subject, which includes a digital
computer workstation for presenting a test to the subject,
such as visuomotor memory task. Recently, U.S. patent
application No. (09/935,601 to Njemanze described a non-
invasive transcranial Doppler ultrasound computerized men-
tal performance testing system. The device assesses multi-
modality related working memory and communicated the
outcome to an operatively connected computer.

BRIEF SUMMARY OF THE INVENTION

[0004] There is currently no objective method based on
brain physiology to aid forensic analysis of faces and objects
associated with crime scenes or face or object perception for
advertising purposes. Crime scene analysis is usually based
on face recognition of a suspect by a witness requested to
match the given face in a “line-up™ or from a police database
of faces of suspects. Electrophysiological and neuroimaging
techniques have not been implemented for such analysis
until now. There are no established governing principles for
face and object recognition. Electrophysiological techniques
in spite of good temporal resolution fail to define a unified
set of rules governing mental performance. Neuroimaging
techniques (PET and fMRI) are cumbersome and have poor
temporal resolution so are not applicable for monitoring face
and object perception in real-time forensic analysis. More-
over, there usefulness can be limited to identifying brain
structures implicated in the process rather than provided a
consistent pattern of changes to vary stimuli in one subject.
In some c¢riminal cases, the witness of a crime scene is
healthy and can recollect the face seen at the crime scene, so
all that is required is for the witness to match the experience
of now imaginary face to that presented by computer-aided
display. In other cases the witness maybe severely injured
and unable to voice responses due to injury, assessment
becomes difficult until after recovery. This might take too
long and delay the delivery of justice. The device must be
able to assess objective responses regardless of the spoken
response of the witness. Moreover, some witnesses may
decide not to give truthful evidence for fear of reprisals from
the criminals, more especially with growing international
terrorism. It is therefore essential to have reliable objective
measures that will characterize responses regardless of
vocalized response by the witness. In some other cases
where evidence is sketchy the police might need to produce
a composite illustration of the face seen at a crime scene. A
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composite illustration of the face refers to making up the
facial features from the separate parts that make up the face
according to sketch descriptions obtained from one or sev-
eral sources. Several composite drawings might need to be
made to aid the witness recognize the face and subsequently
to ask the public assistance in an effort to apprehend the
criminal. The device must be able to assess the different
levels of similarity of the composite illustration of the face
to that seen by the witness. The target face is therefore
known and held in memory of the witness, the composite
illustration of the face could be step wisely put together
using clues, and the similarity evoked at each stage in the
brain response assessed until there is a match. Similarly the
search for a model could well be narrowed by forming a
composite image of the desired facial features from what is
known from famous faces of models and using the compos-
ite to evoke a desired brain response. The search for the
model with a face that has such features could then proceed
with the guidelines developed using positive brain
responses. A combined effect of different makeup looks of a
face could be used to improve the image of an actor or
actress using the brain response pattern obtained in a
selected audience.

[0005] The device must be capable of assessing affective
aspects of a given face. Other neuroimaging techniques have
been applied in the study of affective aspects of face
processing. In one such study increased regional cerebral
blood flow (rCBF) was seen in the left anterior frontal cortex
when faces were judged as unattractive, while increased
rCBF was increased in the left fronto-temporal cortex when
faces were assessed as attractive (Nakamura et al., 1998).
More specifically, perceived attractiveness of an unfamiliar
face increases brain activity in the ventral striatum of the
viewer when meeting the person’s eye, and decreases activ-
ity when eye gaze is directed away (Kampe et al., 2001).
Depending on the direction of the gaze, attractiveness could
thus activate dopaminergic regions that are strongly linked
to reward prediction, indicating that central reward systems
may be engaged during the initiation of social interactions
(Kampe et al., 2001). Others have documented that passive
viewing of beautiful female faces by males activates reward
circuitry, in particular the nucleus accumbens (Aharon et al.,
2001).

[0006] Therefore, what is required is a non-invasive tech-
nique that is easy to use for everyday applications, and
would not involve extensive wiring of the subject. Such a
technique must allow acquisition of data from an imaginary
face or object and matched with composite illustration of
faces or objects (e.g. a gun, car, toys etc) presented by
computer-aided display or in some cases by physical display
of persons or objects. The device could assess face and
object memory with the aim to match the presented face or
object to that held memory. In other words the device could
assess face and object working memory. Other investigators
have established in studies using PET the role og hippoc-
ampal formation during memory of faces (Kapur, et al.,
1995). The device could assess the response pattern evoked
by a given face or object in relation to ‘gold standard’ such
as the face of a famous actress or successful brand of a car
or children’s toys. Other utilities include assessment on how
the use of color, form or shape of an object improves the
brain response to the object in comparison to a ‘gold
standard’. Similarly the device could be used for assessment
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of the enhancing effect of clothing, posture, hairstyle etc on
the response evoked by a given face.

[0007] Transcranial Doppler (TCD) sonography is an
ultrasound technique that uses Doppler principles to mea-
sure cerebral blood flow velocity in major brain arteries of
the circle of Willis. The basic principles and common
clinical applications are detailed in a book edited by Aaslid
R, entitled “Transcranial Doppler Sonography” and pub-
lished by Springer, of Wien, New York, dated 1989, on pages
39 through 50. There is increasing body of evidence that
cerebral lateralization and its relations to brain function
could be studied using transcranial Doppler ultrasound (Nje-
manze, 1991; Njemanze, Gomez and Horenstein, 1992;
Njemanze, 1996; Evers et al., 1999; Vingerhoets &
Stroobant, 1999). Studies with TCD have been cross-vali-
dated by functional MRI (Schmidt, et al., 1999) and repro-
ducibility assessed (Knecht, et al., 1998). Studies with TCD
suggest that facial recognition task elicited interhemispheric
blood flow velocity increase greater in the right middle
cerebral artery than in the left (Harders, et al, 1995).
However, matching faces presented with computer-aided
display with imaginary faces for forensic analysis has not
been implemented until now.

[0008] Ttis an objective of the present invention to provide
a method and system that uses real-time measurements of
cerebral blood flow velocity in major arteries of the brain for
example middle cerebral arteries to measure face recogni-
tion.

[0009] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to an imaginary face.

[0010] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major cerebral
arteries of the brain for example the middle cerebral arteries
to determine the match between a real face displayed on a
computer screen with the imaginary face seen by the witness
of a crime scene.

[0011] It is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major cerebral
arteries of the brain for example the middle cerebral arteries
to determine the match between a real face and an imaginary
face.

[0012] Ttis a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to a composite illustration of a face.

[0013] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to a composite illustration of a face as matched to
a target imaginary face.

[0014] Ttis a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
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brain for example middle cerebral arteries to measure the
response to an affective expression of a face.

[0015] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response of enhancement of a face using hairstyle, color of
clothing, and skin tone.

[0016] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response of a makeup face as matched to a target face.

[0017] Ttis a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to a composite illustration of a face as matched to
a target face.

[0018] Tt is a feature of the present invention to provide a
method and system that uses real-time measurement of a
cerebral blood flow velocity in major arteries of the brain for
example middle cerebral arteries to measure the response to
a face for example of a potential model as matched to a
target face for example a very successful model.

[0019] Tt is a further feature of the present invention to
provide a method and system that uses real-time measure-
ment of a cerebral blood flow velocity in major arteries of
the brain for example middle cerebral arteries to measure the
response of facial features desired by a person wishing to
undergo plastic surgery for example an actress to matched
the sex appeal of a target face for example a very successful
actress.

[0020] Tt is a further feature of the present invention to
provide a method and system for measuring face working
memory in crime scene witness or in a patient with brain
lesion.

[0021] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure object
recognition.

[0022] Ttis a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to an imaginary object.

[0023] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major cerebral
arteries of the brain for example the middle cerebral arteries
to determine the match between a real object and the
imaginary object seen by the witness of a crime scene.

[0024] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to a composite illustration of an object.
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[0025] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to a composite illustration of an object as matched
to a target imaginary object.

[0026] Tt is a further objective of the present invention to
provide a method and system that uses real-time measure-
ments of cerebral blood flow velocity in major arteries of the
brain for example middle cerebral arteries to measure the
response to an object for example a new product and
matched to the response evoked by a very successful prod-
uct.

[0027] Tt is a feature of the present invention to provide a
method and system that uses real-time measurements of
cerebral blood flow velocity in major arteries of the brain for
example middle cerebral arteries to measure the response of
enhancement of an object such as a new brand of car using
color, size and form of the object and matching it to the
response evoked by a target object for example a successful
brand of car.

[0028] Tt is a further feature of the present invention to
provide a method and system for measuring object working
memory in crime scene witness or in a patient with brain
lesion.

[0029] These and other objects of the invention may
become more apparent to those skilled in the art upon
reviewing the description of the invention as set forth
hereinafter, in view of its drawings

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0030] FIG.1is a block diagram schematically represent-
ing the present invention.

[0031] FIG. 2 is a schematic representation of one pos-
sible embodiment of the present invention.

[0032] FIG. 3 shows the interface of the invention with a
subject.
[0033] FIG. 4 shows images that could be presented to the

subject on the computer monitor.

[0034] FIG. 5 shows the plot of mean laterality index (LI)
changes in males during the presentation of several images.

[0035] FIG. 6 is an example of a functional flow chart of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The block diagram of the present invention is
illustrated in FIG. 1. As shown therein, a head set with
ultrasound transducers 1, is placed on a human subject who
wears the head set with two transcranial Doppler probes
attached and focused on the cerebral arteries for example the
middle arteries (MCAs) from both sides of the head on the
temporal bones above the zygomatic arch. The sample
volumes of the pulsed Doppler could be placed at a depth of
50 mm from the surface of the probe on both sides. The
probes are covered with ultrasonic gel to enhance tissue
coupling. The headset steers the probe by manual or auto-
mated insonation of the cerebral vessels and is controlled by
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a microcomputer 3 connected with the transcranial Doppler
instrument (TCD) 2. The TCD instrument 2 with bilateral
probes is a miniaturized version operatively controlled by a
microcomputer 3 and could be from a company called DWL
(Sipplingen, Germany) by way of example. The microcom-
puter 3 communicates with the main computer workstation
4 for example the Federal Bureau of Investigation (FBI)
crime database, to retrieve information on faces of criminals
in the database or to another remote computer with capa-
bility for image processing.

[0037] As shown in FIG. 2, the TCD instrument has the
normal features of a computer with a monitor display 5, a
keyboard 6, and a loudspeaker 7 to produce audible Doppler
signals. The computer monitor displays the images such as
a face 8 and Doppler flow velocity profiles 9 from the left
and right middle cerebral arteries by way of example. The
trend velocities and calculated laterality index are displayed
below 10 with the choice to select specific time segments for
further analyses.

[0038] FIG. 3 shows the interface of the invention with a
subject. The headset is placed on the head with ultrasound
transducers 1 held in place in the left and right arms of the
headset and placed on the left temporal and right temporal
bones of the head. The transducer cable is attached to the
TCD instrument. While the device is in use the subject could
make inputs into the computer keyboard 6 for example scroll
through a given image or provide a non-verbal response by
tapping a key on the keyboard 6 as he/she watches the
monitor 5.

[0039] FIG. 4 shows the images that could be presented to
the subject. An object 11 could be presented as well as faces.
Face reconstruction could begin with a sketchy outline of the
face 12 and then a face with ¥ of the features presented in
the appropriate manner 13 and then ¥ of the features could
be presented 14 and so on until a threshold is reached that
will enable recognition of the target neutral face 15. The
response to varying expressions of the neutral face 15 such
as sad face 16 or happy face 17 could facilitate obtaining a
much closer match to the cerebral blood flow velocity
response pattern of the imaginary face held in memory.

[0040] FIG. 5 shows the plot of mean laterality index (LI)
changes in males during the presentation of several images.
A detailed description of an experiment to determine the LI
during object and face perception tasks illustrated in FIG. 4
is set forth below.

[0041] Materials and Methods

[0042] Simultaneous bilateral TCD ultrasound was used to
measure mean blood flow velocities (MBFV) in the right
and left middle cerebral arteries (MCA) in right-handed
normal subjects. The preferred hand was determined using
the Edinburgh handedness inventory (Oldfield, 1971). The
population  consisted of 24 subjects (meanzSD
age=25.12+3 21 years) of which 15 were females (mean+SD
age=25.53+3.58 years) and 9 were males (mean+SD age=
24.44£2.61 years). There was no history of neurologic or
cardiovascular or respiratory diseases in the study cohort.
No subject had any history of long use of any medication.
None ingested caffeine at least 24 hrs prior to the study. All
were non-smokers and had no history of alcohol abuse. All
have had 16-18 years of schooling. Informed and signed
consent was provided to all subjects according to the Dec-
laration of Helsinki, and the Institutional Ethical Committee
guidelines.
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[0043] Scanning Procedure. All TCD procedures were
performed using examination techniques described for cog-
nitive studies (Njemanze, 1991). The transcranial Doppler
scanning was performed using a new bilateral simultaneous
TCD instrument (Multi-Dop T, DWL, Sipplingen, Ger-
many). All subjects were briefed on the protocol for the
entire experiment and all questions and practice sessions on
what was required for the facial paradigm were explained
prior to start of the experimental data acquisition. All TCD
studies were performed as follows: first, the subject was
placed in supine posture with head up at 30 degrees. The
probe holder headgear—ILAM-Rack was used with base
support on two earplugs and on the nasal ridge. Two 2 MHz
probes were affixed in the probe holder and insonation
performed to determine the optimal position for continuous
insonation of both MCA main stems at 50 mm depth from
the surface of the probe. All gain and power settings were
kept constant for both MCAs in all subjects. The probes
were placed firmly on the subject’s head and were locked in
position after adjusting the lever and tightening the knurled
screw from both sides. Comfort of the subject within the
headgear was assured prior to start of recording. Subjects
were instructed to remain mute and not to move throughout
the data acquisition time duration. All environmental noise
including sound from the TCD instrument was excluded,
and environmental luminance was kept constant for all
participants. Electrocardiographic monitoring of pulse and
respiratory rate along with self-perceived anxiety levels
were recorded during the study to control for effects on
results.

[0044] Baseline study. The baseline condition was dark.
This was achieved by having the subject view through a 3-D
View-Master, International group Inc. Portland, Oreg. with
all its inside walls colored with black paint, and the back
view covered with a dark slide. As a result the subject had
full binocular view of a dark background while holding the
view master in place with both hands, and avoiding inter-
ference with the probe holder at the nasal ridge. A continu-
ous train of velocity waveform envelopes was recorded at
resting baseline with the subject mute, still and attention
focused within a dark visual field projected in a “3-D
View-Master” with no mental or manual tasks to perform.
These baseline recordings were obtained prior to stimuli
administration. TCD baseline measurements were made for
60 seconds.

[0045] Black and white checkered Square Paradigm. The
black and white checkered square paradigm 11 (see FIG. 4)
comprised a square of alternating black and white square
dots. This was a nonverbal passive viewing task of a foveally
presented square from a slide projector onto a screen placed
in front of the subject inclined at 30 degrees from the
horizontal plane at a distance of 80 cm from the nasal ridge.
A continuous train of velocity waveform envelopes was
recorded with the subject mute, still and attention focused on
the square with no mental or manual tasks to perform. TCD
baseline measurements were made for 60 seconds.

[0046]

[0047] The black and white facial paradigms 12-17 are
shown and described in FIG. 4. In addition inverted varia-
tions of faces 12-14 were presented to examine inversion
effects. Each subject was instructed to study the novel
neutral face 15 presented in upright view and remember the

Facial Paradigm
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facial features for comparison with subsequent tasks. Sub-
jects were given instructions to mentally reconstruct the
degraded faces using the original sample neutral face as
target match. For tasks 16 and 17, subjects were asked to
judge affect of the presented faces considering that the
sample face stimulus 12 is neutral. A brief training session
was provided before the actual experimental runs by way of
example. All tasks were performed with fixed eye gaze. The
subjects were not instructed to use any specific strategy to
rearrange the faces or fill-in missing parts of the deleted
faces however; they were warned to refrain from verbaliza-
tion both audibly or internally. Environmental noise was
excluded and lighting keep at a constant during the facial
paradigm.

[0048] Calculations. Cerebral lateralization was assessed
by side-to-side differences in mean flow velocity given as
laterality index (LI') by way of example and expressed as:

LI=(Right  MBFV . Left

MBFV, g, +Left MBFV o ))*100.
[0049] The actual magnitude of lateralization (LI) for each
10 seconds segment for each task was calculated as the
difference between LI' values measured during the 10 sec-
onds segment of the task and the corresponding 10 seconds
segment of rest (onset of resting baseline corresponds with
onset of visual task within the 60 seconds):

MBFV,0,/(Right

LI =LI'ask, g ec—LI'TESt poec

[0050] In general, positive LI values suggest right later-
alization, while negative LI values suggest left lateralization.
Zero LI values showed no lateralization from the resting
condition or possible bilateral response. The calculated LI
were designated as Ly ;g Ly 505e0r Llo130se0r 1405000
LI 5000 Llsq 60.c0s fOr values measured for the time seg-
ment 0-10 seconds, 11-20 seconds, 21-30 seconds, 31-40
seconds, 41-50 seconds, 51-60 seconds respectively.

[0051] Statistics. Results were given as meansSD where
applicable. To examine the effect of Time variable, the LI
scores were analyzed by a 2-way analysis of variance
(ANOVA) for repeated measures. The resulting design was
a 2 (Gender: Female, Male) by 6 (Time periods of 10
seconds each: 0-10 s, 11-20 s, 21-30s, 31-40 s, 41-50 s,
51-60 s intervals), the latter factor was a within-subject or
repeated measures factor because it represent repeated mea-
sures at different time intervals in the same subject. To
examine the effect of Task variable, the LI values were
further analyzed in a separate 3-way ANOVA for repeated
measures. The resulting design was a 2 (Gender: Female,
Male) by 6 (Time periods of 10 seconds each) by 10 (Tasks
1-10) ANOVA. The last two factors are within-subject or
repeated measures factors because they represent repeated
measurements of the effects of different tasks at different
time intervals on the same subject. The first factor is a
between-group factor because subjects were either female or
male subjects. All statistical calculations were performed
using a statistical software package (Statistica, StatSoft, OK,
USA).

[0052]

[0053] The results were analyzed for all 10 facial tasks
(including 3 for inversion effects), however, the response in
the seven basic tasks including object and face paradigms
were plotted on FIG. 5. The initial two-way ANOVA with
repeated measures with design of 2 (Gender) by 6 (Time)

RESULTS
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revealed a significant main effect of Gender F(1,238)=27.7,
p<0.0000003, MSe=477.6. There was a significant main
effect of Time F(5,1190)=15.98, p<0.00000001, MSe=40.8.
There was a Gender xTime interaction F(5,1190)=2.68,
p<0.02. The second three-way ANOVA with repeated mea-
sures with design of 2 (Gender) by 6 (Time) by 10 (Tasks).
When all 10 Tasks and 6 Time factors were combined in the
design the Gender factor was not significant p>0.05. All 10
Task factors when used in the design did not show a
significant (p>0.05) difference. Therefore, a planned con-
trast was then performed to examine if changes at a given
Time segment varied across the Tasks in males and females.
Further analysis of laterality index variations examined the
latency (time of occurrence of a peak) and peak value of
right and left lateralization during a given task. Selection of
peak right lateralization at 20 seconds from the onset of the
task (P20) and peak left lateralization at 40 seconds from
onset of the task (P40), showed a significant Gender related
difference in a separate planned contrast, F(1,22)=4.7; MSe=
275; p<0.04. Using P20 and P40 peaks in further planned
contrasts did not reveal any significant difference related to
Tasks among Female subjects p>0.05. On the other hand
there was a significant effect among male subjects F(1,22)=
8.3; MSe=485; p=0.008. Further analyses using P20 and P40
was undertaken for the different Tasks among male subjects.
The results of the planned contrasts between each pair of
Tasks were statistically significant (p<0.05) except for the
comparison between neutral face 15 and ¥ face 14 (p>0.05).
This may suggest that as the composite face recreates half
the facial features the subject’s cerebral blood flow velocity
response became similar to that evoked by neutral face 15.
The happy and sad faces differed significantly (p<0.05). One
possible application of this distinction is that by varying
affect, the significant distinction evoked by unpleasant or
pleasant facial expression could be related to the facial
expression associated with a particular crime scene by way
of example. In this study (FIG. 5) sad face 16 was associated
with a relative left shift in cerebral lateralization as com-
pared to neutral face 15 and happy face 17. The recruitment
of additional emotionally related centers in the left hemi-
sphere could have accounted for the differences in the
responses to sad and happy faces. Moreover, it has been
documented using other neuroimaging methods that increas-
ing the intensity of sad facial expression was associated with
enhanced activity in the left amygdala and right temporal
pole (Blair et al., 1999). Others have documented enhanced
activity in the left amygdala, left pulvinar, left anterior insula
and bilateral anterior cingulate gyri was observed during the
processing of fearful faces (Morris et al., 1998). Conversely,
a greater right hemisphere activation was seen with happy
face. Other authors using other neuroimaging modalities
have concluded that the right neostrum and left amygdala
were activated when subjects made explicit judgments of
disgust, bilateral orbitofrontal cortex when they made judg-
ment of happiness, and right frontal and insula cortex when
the made judgments about any emotion (Gorno-Tempini et
al., 2001). There was a significant effect (p<0.05) due to
inversion of the faces.

[0054] The functional flow chart of the present invention
by way of example is seen in FIG. 6. After the setup 18 of
the headset and the device of the present invention as shown
in FIG. 3 both MCAs are monitored using the ultrasound
transducers 19 and the MBFV determined at a depth of 50
mm and files created for the specific recording 20. The
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values of MBFV determined from flow velocity waveforms
of good Doppler signal quality are read 21. If all are read 22
the system proceeds to store these values as baseline 23
depending on what condition the investigators chooses for
example, simple eye closure could be used as baseline. The
images are then presented sequentially to the subject on the
computer monitor 24 and the MBFV measured during
perception of the image(s). All images and the correspond-
ing MBFVs are read 25. If not, the image presentation
sequence is completed and the corresponding blood flow
velocities recorded 26, and the system proceeds to calculate
the LI for baseline and online measured MBFV in the right
(MBFVR) and left (MBFVL) middles cerebral arteries 27
given by the formula (see also below):
LI=(MBFVR | (3ec~MBFVL 105eo/(MBF VR 0gect
MBFVL 14,.))*100.

[0055] An LI value is derived for each image presented
sequentially. If not 28 all have been determined then the
system continues with the calculation for each image 27. If
all have been calculated then the system proceeds to deter-
mine the LI' for baseline and compares it with the online
(task-related) LI values. The calculation of the relative
change in LI 29 is given by:

LI=LItask, o .~LI'baselinegge.

[0056] The derived values are then plotted 30 on the
computer monitor for further analysis similar to that on FIG.
5.

[0057] While a preferred embodiment of the present
invention is described above, it is contemplated that numer-
ous modifications may be made thereto for particular appli-
cations without departing from the spirit and scope of the
present invention. Accordingly, it is intended that the
embodiment described be considered only as illustrative of
the present invention and that the scope thereof should not
be limited thereto but be determined by reference to the
claims hereinafter provided.

I claim:

1. A noninvasive method to determine the cerebral blood
flow velocity response to face recognition tasks of a human
subject, including steps of:

(a) obtaining a subject’s baseline cerebral blood flow
velocity in cerebral arteries on both sides of the brain
using a transcranial Doppler ultrasound instrument
with two probes placed on the temples and sample
volumes focused on cerebral vessels on both sides;

(b) simultaneously with (a) obtaining the mean blood flow
velocity in both pairs of cerebral arteries at baseline;

(c) testing the subject with face recognition tasks on the
screen of a digital computer and using a computer input
peripheral device while simultaneously monitoring the
mean blood flow velocity during each stage of the task
in real-time;

(d) determining the response of the brain using mean
cerebral blood flow velocity to a particular imaginary
or real face;

() determining the response of the brain using side-to-
side differences in mean cerebral blood flow velocity to
a given target face;
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(f) determining the response of the brain using side-to-
side differences in mean cerebral blood flow velocity to
a given composite face;

(g) determining the response of the brain using side-to-
side differences in mean cerebral blood flow velocity to
a given facial expression;

(h) simultaneously with (g) determining if there is a match
of the response of the brain using side-to-side differ-
ences in mean cerebral blood flow velocity to a given
face compared to the response evoked by target face;,
and

(i) simultaneously with (h) assessing if by varying the
emotional expression of the given face the match in
response to target face could be enhanced.

2. The invention of claim 1 wherein the said device is
operatively connected to a microcomputer that processes
and displays the cerebral blood flow velocity signals, later-
ality indices and faces.

3. The invention of claim 2 wherein the cerebral blood
flow velocity is used to determine all three phases of facial
processing including the initial formation of a percept origi-
nating from the given face, matching the percept to pre-
existing stored information, and a contextual non-verbal
and/or verbal evocation.

4. The invention of claim 3 wherein the cerebral blood
flow velocity is used to determine if a given alteration on a
face evokes a brain response that matches a particular target
face or not.

5. The invention of claim 4 wherein the subject is pro-
cessing a facial task displayed on a screen of a digital
computer retrieved from a computer workstation.

6. The invention of claim 5 and further including a
computer workstation means for retrieving the faces from a
forensic database.

7. The invention of claim 5 and further including a
computer workstation means for retrieving faces from an
advertising database.

8. The invention of claim 5 further including a computer
workstation means for facial reconstruction for purposes of
performing plastic surgery.

9. A noninvasive method to determine the cerebral blood
flow velocity response to object recognition tasks of a
human subject, including steps of:

(a) obtaining a subject’s baseline cerebral blood flow
velocity in cerebral arteries on both sides of the brain
using a transcranial Doppler ultrasound instrument
with two probes placed on the temples and sample
volumes focused on cerebral vessels on both sides;

(b) simultaneously with (a) obtaining the mean blood flow
velocity and laterality index at baseline;

(c) testing the subject with object recognition tasks on the
screen of a digital computer and using a computer input
peripheral device while simultaneously monitoring the
mean blood flow velocity during each stage of the
object task in real-time;

(d) determining the response of the brain using the
laterality index calculated from mean cerebral blood
flow velocity to a particular imaginary object;

(e) simultaneously with (¢) determining the latency and
peak variations of laterality index during each task;
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(f) determining the response of the brain using the latency
and peak variations of laterality index calculated from
mean cerebral blood flow velocity to a given target
object;

(g) determining the response of the brain using the latency
and peak variations of laterality index calculated from
mean cerebral blood flow velocity to a given composite
object;

(h) determining the response of the brain using the
laterality index calculated from mean cerebral blood
flow velocity to a given color of the object;

(i) simultancously with (h) determining if there is a match
of the response of the brain using the latency and peak
variations of laterality index calculated from mean
cerebral blood flow velocity to a given object to the
response evoked by target object; and

(j) simultancously with (i) assessing if by varying the
form and size of the given object the match in response
to target object is enhanced.

10. The invention of claim 9 wherein the said device is
operatively connected to a microcomputer that processes
and displays the cerebral blood flow velocity signals, later-
ality indices and objects.

11. The invention of claim 10 and further including using
the responses of cerebral blood flow velocity to determine
the effects of change in object size, form or color compared
to a target object.

12. The invention of claim 10 and further including using
the responses of cerebral blood flow velocity to determine
the effect of change in features of a particular product
compared to a target product.

13. The invention of claim 10 and further including means
for measuring object working memory in a subject or patient
with brain lesion.

14. Anoninvasive method to determine the cerebral blood
flow velocity response to face recognition tasks of a human
subject, including steps of:

(a) obtaining a subject’s baseline cerebral blood flow
velocity in cerebral arteries on both sides of the brain
using a transcranial Doppler ultrasound instrument
with two probes placed on the temples and sample
volumes focused on cerebral vessels on both sides;

(b) simultaneously with (a) obtaining the mean blood flow
velocity and laterality index at baseline;

(c) testing the subject with face recognition tasks on the
screen of a digital computer and using a computer input
peripheral device while simultaneously monitoring the
mean blood flow velocity during each stage of the
facial task in real-time;
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(d) determining the response of the brain using the
laterality index calculated from mean cerebral blood
flow velocity to a particular imaginary or real face;

(¢) simultaneously with (d) determining the latency and
peak variations of laterality index for each task;

() determining the response of the brain using the latency
and peak variations of laterality index calculated from
mean cerebral blood flow velocity to a given target
face;

(g) determining the response of the brain using the latency
and peak variations of laterality index calculated from
mean cerebral blood flow velocity to a given composite
face;

(h) determining the response of the brain using the latency
and peak variations of laterality index calculated from
mean cerebral blood flow velocity to a given facial
expression;

(i) simultaneously with (h) determining if there is a match
of the response of the brain using the latency and peak
variations of laterality index calculated from mean
cerebral blood flow velocity to a given face compared
to the response evoked by target face;

(j) simultaneously with (i) assessing if by varying the
emotional expression of the given face the match in
response to target face could be enhanced; and

(k) simultancously with (j) assessing faces retrieved from
a computer workstation operatively connected to the
said microcomputer.

15. The invention of claim 14 wherein the brain responses
to facial makeup are used to optimize the look of a given
face in comparison to a target face.

16. The invention of claim 14 wherein the brain responses
to addition or removal of a facial feature are used to optimize
the look of a given face in comparison to a target face.

17. The invention of claim 14 wherein the brain responses
to posture of a given face are used to optimize the look of
a given face in comparison to a target face.

18. The invention of claim 14 wherein the brain responses
to a particular facial expression are used to optimize the look
of a given face in comparison to a target face.

19. The invention of claim 14 wherein the brain responses
to hairstyle accompanying a given face are used to optimize
the look of a given face in comparison to a target face.

20. The invention of claim 14 and further including means
for measuring face recognition working memory in a subject
or patient with brain lesion.
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