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7) ABSTRACT

The present invention is related to cerebral blood flow
velocity monitoring method and system, specifically a tran-
scranial Doppler device for odor matching and odor selec-
tion in canine and human subjects. The method and system
is non-invasive with high temporal resolution, user-friendly
and portable, including steps of obtaining a subject’s base-
line mean blood flow velocity in cerebral arteries using
transcranial Doppler instrument with sample volume
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 odors
while monitoring mean blood flow velocity during each odor
in real-time. The acquired data is processed using an opera-
tively attached microprocessor and using a cellular tele-
phone to communicate the results to a computer workstation
for further data analysis and storage.

20 Claims, 6 Drawing Sheets
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BACKGROUND OF THE INVENTION

The present invention is related to cerebral blood flow
velocity monitoring method and system, specifically a tran- 65
scranial Doppler (TCD) device for odor matching and odor
selection.
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In the field of forensics, odor evaluation can make impor-
tant contributions in both prosecution and defense of crimi-
nal cases. The use of blood hounds and other scent following
dogs to identify individual people or their scent trails in the
environment on the basis of a previous offered reference
scent article such as handkerchief, hat, and other items of
clothing has been described by A. E. Taslitz, in an article
published in Hastings Law Journal, volume 42, page 15.
(1990). Canine scent identification evidence is usually pre-
sented in court to suggest the unique identification of an
accused individual in the same way that finger prints are
used as discussed in an article by I. L. Brisbin Jr et al.,
published in Science, volume 290, page 1093, (2000).
Canine scent identification evidence is premised on the
alleged factuality of the “individual odor theory,” which
hold that each person has a unique scent that can be
identified by the dog and related back to a specific indi-
vidual. Courts have accepted the performance of canine
scent identification, even when it is claimed that they are
detecting the scent of a specific individual at the scene of a
crime nearly 2 years after the crime was committed as
discussed in the case State v. Eugene Wiley Case No.
8001659, 18th Judicial Circuit, Brevard County Fla. (1982).
However, juries have found individuals guilty almost solely
on the basis of dog evidence subsequently shown to be
unreliable, if not fraudulent as in the case State v. Kevin
Roscoe, CR-127656, 11-20-90, Maricopa County, Arizona
Superior Court, Judge Paulson. It is therefore imperative that
further research studies of the abilities of such scenting dogs
be undertaken. Especially, the ability to scent match odors
from individuals to handled objects, under controlled labo-
ratory conditions as described in articles by G. A. A. Schoon,
J. C. deBruin published in Forensic Science International,
volume 69, page 111, (1994); and G. A. A. Schoon, Applied
Animal Behavioral Science, volume 49, page 257, (1996).

However, in some studies dogs have proven capable of
performing such scent matching tasks at levels greater than
chance, their error rates are seldom more than 10 to 20% as
discussed in an article by I. L. Brisbin Jr. and S. N. Austad,
Animal Behavior volume 46, page 191, (1993). Errors may
also be introduced by the interpretation of the behavioral
response of the dog. What is probably lacking is an objective
physiologic correlate of scent matching odors in canine
detectives. The latter is the subject matter of the present
invention.

There is thus ample evidence that in primates olfactory
memory has several unique characteristics, the most striking
being its resistance to decay over long intervals, suggesting
a specialized memory system. However, investigations into
the neural substrates of human olfactory memory have been
limited. Previous positron emission tomography (PET) stud-
ies have shown significant regional cerebral blood flow
(rCBF) increases during olfactory stimulation: unilateral in
the right orbitofrontal cortex (OFC), and bilaterally in the
inferior frontal and temporal lobes (piriform cortex) as
described in an article by L. A. Dade, et al. entitled “Human
brain function during odor encoding and recognition: a PET
study,” published in Annals of the New York Academy of
Sciences, volume 855, pages 572-574, (1998).

U.S. Pat. No. 6,298,263 describes an apparatus and
method for odor selection to match a visual and auditory
stimulus while monitoring electrical brain activity prefer-
ably event related potentials (ERPs) using electroencepha-
lography (EEG). In accordance with 263 patent, spontane-
ous EEG has been used to show correlation between
psychometric properties of odor and spontaneous brain
activity in real time following olfactory events. Furthermore,
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rCBF changes associated with olfactory sensing has been
described in an article by L. A. Dade, et al. entitled “Human
brain function during odor encoding and recognition: a PET
study,” published in Annals of the New York Academy of
Sciences, volume 855, pages 572-574 (1998). rCBI has been
shown to correlate with cerebral blood flow velocity mea-
surements monitored using transcranial Doppler ultrasound
(TCD) as described in a book by R. Aaslid, entitled “Tran-
scranial Doppler Sonography,” published in Wien, by
Springer-Verlag (1986).

One object of the present invention is to perform odor
matching tasks in primates. The use of blood hounds and
other scent following dogs to identify individual people or
their scent trails in the environment on the basis of a
previously offered reference scent article such as handker-
chief hat, and other items of clothing as described by A. E.
Taslitz in an article published in Hastings Law Journal,
volume 42, page 15, (1990). The cerebral arteries in dogs
could be evaluated using TFCD in much the same manner as
in humans as described in a book by R. Aaslid, entitled
“Transcranial Doppler Sonography” published in Wien, by
Springer-Verlag (1986). Odor matching tasks in canines
could be used in forensic analysis of crime scenes as
described by A. E. Taslitz. in an article published in Hastings
Law Journal, volume 42, page 15, (1990).

A further object of the present invention is its use in the
design of fragrance. It is increasingly important that fra-
grances be designed to evoke a specific “emotional content.”
The desired emotional content is a product of brain physi-
ologic response more specifically induced lateralization of
rCBF. In other words, the anatomy and behavioral features
of olfactory (smell) processing suggest that hedonically
(pleasantness-unpleasantness) valenced olfactory stimuli
may be tested. In an example described in an article by D.
H. Zald and J. V. Pardc entitled “Emotional olfaction, and
the human amygadala: Amygdala activation during aversive
olfactory stimulation,” published in Proceedings of the
National Academy of Sciences of the United States of
America, volume 94, No. 8, pages 4119-4124 (1977), expo-
sure to highly aversive (punishing) odorant produced strong
rCBF increases in both amygadala and in the left OFC.
Exposure to less aversive odorants produced rCBF increases
in the OFC but not in the amygdala. Furthermore, the
activity within the left amygdala was associated significantly
with subjective ratios of perceived aversiveness. The com-
parison of fragrances involves the use of working memory
for odors, and could thus be said that the present invention
measures at least in part the working memory for odors.

A further object of the present invention is its use in the
design of products that include multiple modality sensing.
Transcranial Doppler ultrasonography, a main component of
the present invention has been used for the assessment of
auditory stimuli such as music as described in an article by
P. C. Njemanze entitled “Cerebral lateralization in linguistic
and nonlinguistic Perception: Analysis of cognitive styles in
the auditory modality” published in Brain and Language,
volume 41, pages 367-380, (1991), as well as in the visual
modality as described in an article by P. C. Njemanze et at.,
entitled “Cerebral lateralization and color perception: a
transcranial Doppler study,” published in Cortex, volume
28, pages 69-75, (1992). The application of the present
invention in the advertisement industry could be further
illustrated. Car designers may sometimes require to use all
sensory modalities to uplift the esthetic value of their
products. For example, it may be desirable that the visual
outlook of the car, the smell within they car and the audio
output of the sound system all have a combined positive
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cumulative effect on the buyer in the auto showroom, in
other words, to improve the hedonic (pleasantness) rating.
Since the evoked response of rCBF by emotionally valenced
olfactory, visual and auditory stimuli all converge at the
OFC, temporal pole and the superior frontal gyrus as
described by J-P. Royet, et al. in an article entitled “Emo-
tional responses to pleasant and unpleasant olfactory, visual,
and auditory stimuli: a positron emission tomography
study,” published in The Journal of Neuroscience, volume
20, pages 7752-7759, (2000), it is plausible to measure
rCBF in the anterior cerebral artery vascular territory that
supplies the OFC and other areas of the olfactory cortex.
Determination of the hedonic rating of these elements com-
bined is the subject matter of the present invention.
Similarly, home designers could improve home decorations
by combining the effects of visual, auditory and olfactory
modalities, which could be assessed by the present inven-
tion.

A further use of the present invention is to assess a
cumulative response to visual, auditory and olfactory sens-
ing in film production. Although films are usually produced
to evoke auditory and visual effects, most of the olfactory
sensing is imaginary and does not add to the overall effects
of the film. The present invention makes it possible to assess
what brain physiologic effect may be added if short bursts of
odors are introduced through the cinema ventilation system
and expressly vacuumed out at the appropriate audiovisual
scenes of the film within a specialized film theater. It may be
desirable to increase the level of aversiveness
(unpleasantness) of the odor that accompanies some audio-
visual scenes in a horror movie, while love stories may
require pleasant odors to get the story across. The introduc-
tion of this approach in the film industry and the possibility
of measuring brain physiologic responses to them will have
a notable effect in the advertisement of products on special-
ized cinema screens. It could be possible to introduce bursts
of the scent of an advertised soap or fragrance via the cinema
ventilation system and quickly removing it using the
vacuum system. This introduces a real world experience
especially with 3D images and high definition TV movies.

Another use of the device could be illustrated by product
presentations at exhibition shows. A model presenting a new
product may have the makeup that will synergistically
augment visual and olfactory sensing effects along with
specially selected audio effects at an exhibition center by
way of example.

Another use of the present invention may be in the food
industry for packaging of canned foods and drinks. The
aroma of the foods and drinks (such as coffee, tea, alcohol
beverages, soft drinks etc.) may have a decisive influence on
the consumer. Aroma of foods stimulates appetite. It is
therefore desirable to enhance the smell of foods to stimulate
appetite and condition a general feeling of pleasantness. The
present invention permits the evaluation of the hedonic
ratings of different aromas of foods and drinks.

SUMMARY OF THE INVENTION

The present invention provides a method and system for
odor matching and odor selection comprising testing a
subject (human or canine) by presenting the subject with one
or more odors under different conditions, while monitoring
cerebral blood flow velocity of the subject during odor tasks.

The special embodiment of this invention is illustrated in
the specification, it includes block and schematic diagrams
for the format of the instrumentation, and how the system
functions is shown by way of example. The subject refers to
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a human or canine under testing by way of example. The
system comprises an odor administration container, transc-
ranial Doppler ultrasound device operatively connected to a
microcomputer and cellular telephone and a main frame data
analysis computer. The present invention uses a conven-
tional transcranial Doppler instrument with pulsed wave 2
MHz ultrasound transducer or probe. The transcranial Dop-
pler ultrasound probes are placed on the acoustic window of
the temporal bone above the zygomatic arc on both sides of
the head and focused on major cerebral vessels such as both
anterior cerebral arteries (ACAs) by way of example. The
transcranial Doppler device is modified to allow canine and
human subjects to move freely following an odor trail at a
crime scene by means of integrating a microcomputer and a
cellular phone circuitry to the conventional circuitry of the
transcranial Doppler instrument creating a system and
method of transcranial Doppler device with wireless com-
munication to the main frame computer either directly or via
the internet in real time.

These and other objects of the invention may become
apparent to those skilled in the art upon reviewing the
description of the invention as set forth hereinafter, in view
of its drawing.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1A shows the schematic diagram of the present
invention.

FIG. 1B shows the front inner view of the present
invention.

FIG. 2 shows a subject setup with the present invention.
FIG. 3 shows the program flow chart of the invention.

FIG. 4 shows the mean laterality index (LI) of the
different time intervals for all odors for different stimulus
duration in males and female subjects classified according to
breathholding test.

FIG. 5 shows the plot of mean laterality index (LI) of the
different odors according to hedonic rating (pleasantness-
unpleasantness) for the stimulus duration time.

DETAILED DESCRIPTION OF THE
INVENTION

The block diagram of the present invention is illustrated
in FIG. 1. As shown therein, a transcranial Doppler device
with microcomputer and cellular telephone circuitry inte-
grated within 1, has attached transcranial Doppler ultra-
sound probes 7 suspended on a head set placed on the head
of a subject, on the temporal bones above the zygomatic arc.
The integrated device 1 is telemetrically connected to a
computer 10 for real-time data transfer, analysis and storage.
The ultrasound sample volume for isonation is placed in the
main stem of the ACAs from both sides at a depth range
varying from 65-70 mm by way of example. The probes are
covered with ultrasonic gel pads to enhance tissue coupling.
The headset may be equipped to steer the probe manually or
automatically by a microcomputer operatively connected to
the transcranial Doppler instrument. A miniaturized transc-
ranial Doppler instrument with bilateral ultrasound probes
operatively controlled by a microcomputer could be
obtained from a company called DWL (Sipplingen,
Germany) by way of example. The microcomputer and
cellular phone circuitry communicates the measured cere-
bral blood flow velocities to a personal computer 10 or a
main frame computer workstation for example the Federal
Bureau of Investigation (FBI) crime database, which could
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integrate the online data to established profiles for reference
odors. The online odors are administered from a container
placed close to the nostrils.

As shown in FIG. 1B, the transcranial Doppler device 1
has the normal features of a computer with monitor display
2 showing Doppler velocity profiles, a keyboard 3 and a
loudspeaker 4 to produce audible Doppler signals. The
communication to the computer workstation is facilitated via
an integrated cellular phone with an antenna 5. FIG. 2 shows
the interface of the present invention with a subject. The
headset is placed on the head with ultrasound probes 7 held
in place in the left and right arms of the headset and placed
on the temporal bones on both sides of the head. The
transducer cable 6 is attached to the transcranial Doppler
device. The subject is presented with the odor 8 under
investigation and in some cases simultaneously with audi-
tory and visual stimuli presented on a computer monitor 10.

FIG. 3 shows the functional flow chart of the present
invention by way of example. The subject is setup with the
headset and transcranial Doppler (TCD) instrument 11, with
the probes isonating both ACAs at a depth of 65-70 mm in
most subjects. The baseline of both mean blood flow veloci-
ties (MBFVs) are obtained 13, if not all are obtained the
system repeats the isonation of step 12. Thereafter the
separate odors are administered to the subject 14 and
MBFVs obtained for each odor 15, if not all are obtained 15
the previous step 14 is repeated. Thereafter the laterality
index (LI) at different stimulus duration for each odor is
calculated 16 for both baseline and experimental conditions
and the difference calculated between baseline and online
values 17. If not all are calculated 18, the systems repeats the
preceding steps 16—17. Thereafter the system plots the peak
changes in LI at the time interval 2040 seconds following
stimulus administration referred to here as P20-P40 peaks
for each odor 19. If not all are calculated 20, the system
repeats the preceding steps 16—19. Thereafter the results of
the P20-P40 peaks are communicated to the computer
workstation 21 for odor selection by hedonic rating or odor
matching of LI peaks for a specific odor relative to a target
odor.

Materials and Methods

Simultaneous bilateral TCD ultrasound was used to mea-
sure mean blood flow velocities (MBFV) in the right and left
anterior cerebral arteries (ACA) in right-handed normal
subjects. The preferred hand was determined using the
Edinburgh handedness inventory as described by R. C.
Oldfield, in an article entitled “The assessment and analysis
of handedness: The Edinburgh Inventory.” published in
Netropsychologia, volume 9, pages 97-114, (1971). The
population consisted of 20 subjects (mean+SD age=
24.3£2.72 years) of which 10 were females (mean+SD
age=25.52+2.97 years) and 10 were males (mean+SD age=
23+1.83 years). There was no history of neurologic or
cardiovascular or respiratory diseases in the study cohort.
No subject had any history of lone 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 12 to 18 years of schooling. Informed consent was
provided to all subjects according to the Declaration of
Helsinki, and the Institutional Ethical Committee guidelines.

Scanning Procedure

All TCD procedures were performed using examination
techniques described for cognitive studies (Njeemanze,
1991). The transcranial Doppler scanning was performed















