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BRAIN FUNCTION DECODING PROCESS 
AND SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/180,871 filed Jul. 13, 2005, issuing as 
U.S. Pat. No. 7,627,370; which claims priority of U.S. Pro 
visional Patent Application Ser. No. 60/620.507 filed Oct. 20, 
2004, and U.S. Provisional Patent Application Ser. No. 
60/637,628 filed Dec. 17, 2004, which are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention in general relates to analysis 
of neuroimaging data and in particular to identification of an 
individual's response to a sensory or physiologic stimulation 
through analysis of neuroimaging data. 

BACKGROUND OF THE INVENTION 

0003 Scientific research has demonstrated that memory 
and consciousness reside in the organization of neurons, their 
interconnections, charges on the cell Surfaces, intracellular 
and extracellular proteins and other molecules, and other 
factors. Although the ability to understand the molecular and 
cellular mechanism of memory and consciousness, the 
sequences, the charges, and how they relate to memory and 
consciousness is in very early development, the capability to 
record and analyze these data in detail exists now. 
0004 Great strides have been made in the area of func 
tional and structural imaging of the human brain. The ability 
to interpret and correlate brain imaging information and the 
stimuli that result in memories, thoughts and concepts is 
ready for development. The technology for imaging the mac 
roscopic, microscopic and molecular structure of individual 
human brains, through techniques such as Computed Axial 
Tomography (CT or CAT), functional Magnetic Resonance 
Imaging (fMRI), Positron Emission Tomography (PET), 
electroencephalography (EEG), and Magnetoencephalogra 
phy (MEG) (collectively referred hereafter as neuroimaging 
technologies) is continually improving. Recent progress in 
improved imaging resolution and advancing computational 
analysis of the data has led to evolving understanding of 
where thoughts are encoded in the brain. 

Neuroanatomy Using Imaging 

0005 Kim et al. (2003) used Blood Oxygenation Level 
Dependent (BOLD)-based functional MRI (fMRI) and diffu 
sion tensor imaging (DTI) on the cat visual cortex to allow 
three-dimensional fiber reconstruction, to construct a map of 
the axonal circuitry underlying visual information process 
ing. Rueckert et al. (2003) used the concept of statistical 
deformation modeling to construct average models of neu 
roanatomy and variability of 25 different human subjects. 
With newer MRI machines with stronger (3 Tesla and above) 
magnetic fields and improved software, cellular resolution is 
now being attempted. 

Brain Organization and Imaging 

0006 Zeineh et al. (2003) used high-resolution fMRI to 
study the process of encoding and retrieval of memories of 
names associated with faces, in the medial temporal lobe 
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(MTL) of the human brain and its subregions. The cornu 
ammonis and the dentate gyms regions of the brain were 
active relative to baseline only during encoding, and this 
activity decreased as associations were learned. Activity in 
the Subiculum region showed the same temporal decline, but 
primarily during retrieval. Zeineh and colleagues evaluated 
changes in the blood oxygen level-dependent (BOLD) 
response, reflecting neural activity, within different Substruc 
tures of the MTL, as Subjects progressively learned new asso 
ciations. These researchers developed techniques to acquire 
high-resolution structural (0.4 by 0.4mm) and functional (1.6 
by 1.6 mm) MRI data and to localize functional activity 
precisely within the substructures of the hippocampus. Simi 
lar work, with modifications in technique, particularly stimu 
lus and matching activity, forms one of the basic techniques of 
patent application #10218 for cognitive engineering. Zieneh 
et al. manipulated the imaging data to mathematically repre 
sent an "unfolding of the hippocampal cortex, which 
revealed the entirety of each hippocampal Subregion (within 
the resolution restrictions of the equipment) and adjacent 
neocortical regions (parahippocampal, entorhinal, perirhinal, 
and fusiform) in a single plane, or “flat map' representation. 
Boundaries were demarcated between the architectonic sub 
regions on the high-resolution structural MR images. The 
white matter and CSF throughout the MTL were segmented 
and separated out, retaining only the gray matter sheath. Gray 
matter was then computationally extracted and flattened 
(similar to flattening the globe into a flat map of the world) to 
project the demarcated boundaries to produce unfolded flat 
tened maps of the hippocampus. 
0007 Using these techniques, Zeineh et al. studied ten 
subjects, who were scanned while they performed a face 
name association task in which a series of unfamiliar (could 
be familiar) faces were paired with names. Computational 
warping techniques transformed an individual subject's hip 
pocampal maps to the flat hippocampal template space. The 
same transformation parameters were then applied to the 
coregistered functional MRI scans, which delivered high 
resolution fMRI data in a standardized flat space. This pro 
cedure enabled measuring activity over time in each Subre 
gion and to perform powerful group statistics across Subjects. 
Similarly, cognitive engineering will create a data model of a 
concept, and of specific visual objects, such as a face. 
0008 Zeineh and colleagues were able to show a strong, 
parametric correlation between activity in specific brain areas 
and the storage of new associations. As the number of new 
associations learned decreased from block to block, activity 
in these regions fell in parallel. They also found a similarly 
strong relationship between activity in the Subiculum and 
retrieval of newly learned associations. 
0009. Because subjects vary in the anatomy of their 
MTLs, Zeineh et al. constructed a template representing the 
typical anatomy of the Subject population by averaging 
together the individual demarcation boundaries across Sub 
jects. This is somewhat analogous to the work of Rueckert 
(automatic construction of three-dimensional statistical 
deformation models (SDM) of the brain using nonrigid reg 
istration). Using a group-averaged incremental performance 
curve, the researchers regressed MR signal intensity in each 
pixel and each subject with two waveforms reflecting either 
performance during learning or performance during retrieval, 
and then statistically tested whether the slope of each regres 
sion for a given pixel was on average different from Zero. 
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0010. In summary, Zeineh et al. identified mnemonic 
properties of different Subregions within the hippocampal 
circuitry as human Subjects learned to associate names with 
faces. The cornu ammonis (CA) elds 2 and 3 and the dentate 
gyrus were active relative to baseline only during encoding, 
and this activity decreased as associations were learned. 
Activity in the Subiculum showed the same temporal decline, 
but primarily during retrieval. 
0011 Ishai and Ungerleider (1999) identified, using 
fMRI, three bilateral regions in the ventral temporal cortex 
that responded preferentially to faces, houses, and chairs. In a 
follow-up report (Ishai 2000) they demonstrated differential 
patterns of activation, similar to those seen in the Ventral 
temporal cortex, in the bilateral regions of the Ventral occipi 
tal cortex. They also found category-related responses in the 
dorsal occipital cortex and in the Superior temporal Sulcus. 
Moreover, rather than activating discrete, segregated areas, 
each category was associated with its own differential pattern 
of response across a broad expanse of cortex. 
0012. The distributed patterns of response were similar 
across tasks (passive viewing, delayed matching) and presen 
tation formats (photographs, line drawings). Ishai et al. 
(2000) proposed that the representation of objects in the ven 
tral visual pathway, including both occipital and temporal 
regions, is not restricted to Small, highly selective patches of 
cortex but, instead, is a distributed representation of informa 
tion about object form. Within this distributed system, the 
representation of faces appears to be less extensive as com 
pared to the representations of non-face objects. 
0013 Koechlin et al. (2003) showed that the lateral pre 
frontal cortex (PFC) of the brain is organized as a cascade of 
executive (controlling) processes from premotor to anterior 
PFC regions. These processes control behavior according to 
stimuli, the present perceptual context, and the temporal epi 
sode in which stimuli occur, respectively. Koechlin et al.'s 
results support a unified modular model of cognitive control 
that describes the overall functional organization of the 
human lateral PFC and has basic methodological and theo 
retical implications. 
0014 Fan et al. (2003) studied whether source informa 

tion, item information, or both are required at the time of 
memory retrieval. Two sources were used in a factorial design 
in which the main effect of Source and item retrieval, along 
with their interaction, could be measured by fMRI activa 
tions. They found that when source information was required 
at retrieval, the left frontal lobe showed significant activation 
but not when item retrieval was required. Activation of the 
hippocampal section of the brain showed no difference 
between source and item retrieval. Fanet al.'s data Supports a 
larger role for the frontal lobes in encoding and retrieval of 
Source information. 

0015 Nielson et al. (2004), utilizing statistical data min 
ing of a neuroimaging database, located associations between 
various words/text and brain locations. This provided an 
understanding of how the brain associates words indicative of 
cognitive function. 
0016. It appears that in all of the studies to date, neuroim 
aging researchers have mapped gross brain functional activa 
tion with various macroscopic regions of the brain. There has 
not been an attempt to understand how individual brain imag 
ing is directly linked to the concepts that form the basis of 
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thought. This is the principal area in which the present (Cog 
nitive Engineering(R) 10218) patent application differs. 

Correlations Between Functioning of Various Brain Regions 
(0017 Givens et al. (1999) reviewed their and other data 
using EEG to study higher brain function. They emphasized 
the ability of more modern EEG studies to complement func 
tional neuroimaging techniques. The current invention (Cog 
nitive Engineering(R) 10218) may utilize multiple simulta 
neous neuroimaging techniques, including Supplementation 
by EEG, during the construction of some data sets. 
0018 Suppesetal. (1998) studied the ability of recordings 
of electrical and magnetic brain waves of two Subjects to 
recognize which one of twelve sentences or seven words 
auditorily presented was processed. The analysis consisted of 
averaging over trials to create prototypes and test samples, to 
each of which a Fourier transform was applied, followed by 
filtering and an inverse transformation to the time domain. 
The filters used were optimal predictive filters, selected for 
each subject. A still further improvement was obtained by 
taking differences between recordings of two electrodes to 
obtain bipolar pairs that then were used for the same analysis. 
Recognition rates, based on a least-squares criterion, varied, 
but the best were above 90%. The first words of prototypes of 
sentences also were cut and pasted to test, at least partially, the 
invariance of a word's brain wave in different sentence con 
texts. The best result was above 80% correct recognition. Test 
samples made up only of individual trials also were analyzed. 
The best result was 134 correct of 288 (47%), compared to the 
expected recognition number by chance (24, or 8.3%). 
(0019 Hartley and Speer (2000) reviewed functional neu 
roimaging data of memory, and discussed progress in under 
standing memory systems. Rugget al. (2002) reviewed fMRI 
use to study episodic memory in humans. The data they 
review, while impressive, does not localize below general 
brain region areas of activation. 
0020 Fujii et al. (2002) used PET to image normal volun 
teers engaged in deep (semantic) or shallow (phonological) 
processing of new or repeated words. Their results showed 
that deep processing, compared with shallow processing, 
resulted in significantly better recognition performance and 
that this effect was associated with activation of various brain 
areas. Regions directly relevant to episodic memory encoding 
were located in the anterior part of the parahippocampal 
gyrus, inferior frontal gyrus, Supramarginal gyrus, anterior 
cingulate gyrus, and medial frontal lobe in the left hemi 
sphere. The authors concluded that several regions, including 
the medial temporal lobe, play a role in episodic memory 
encoding. 
0021 Zhang etal. (2003) studied the involvement offron 

tal cortex in accessing and evaluating information in working 
memory using a variant of a Sternberg paradigm and com 
paring brain activations between positive and negative 
responses (known to differentially tax access/evaluation pro 
cesses). Test Subjects remembered two trigrams in each trial 
and were then cued to discard one of them and maintain the 
other one as the target set. After a delay, a probe letter was 
presented and participants made decisions about whether or 
not it was in the target set. Several frontal areas—anterior 
cingulate (BA32), middle frontal gyrus (bilateral BA9, right 
BA10, and right BA46), and left inferior frontal gyrus (BA44/ 
45)—showed increased activity when participants made cor 
rect negative responses relative to when they made correct 
positive responses. No areas activated significantly more for 
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the positive responses than for the negative responses. The 
authors suggested that the multiple frontal areas involved in 
the test phase of this task may reflect several component 
processes that underlie more general frontal functions. 
0022. Schmithorst and Holland (2004) used fMRI to study 
neural correlates of the link between formal musical training 
and mathematics performance in normal adults. Musical 
training was associated with increased activation in the left 
fusiform gyrus and prefrontal cortex areas of the brain, and 
decreased activation in visual association areas and the left 
inferior parietal lobule of the brain during a mathematical 
task. The authors hypothesized that the correlation between 
musical training and math proficiency may be associated with 
improved working memory performance and an increased 
abstract representation of numerical quantities. 
0023 Lanius et al. (2004) used both 4-T fMRI and func 
tional connectivity analyses to assess interregional brain 
activity correlations during the recall of traumatic memories 
in traumatized subjects with and without posttraumatic stress 
disorder (PTSD). Comparison of connectivity maps at the 
right anterior cingulate gyrus brain region for the two groups 
showed that the subjects without PTSD had greater correla 
tion than the PTSD subjects in the following brain areas: left 
Superior frontal gyrus (Brodmann's area 9), left anterior cin 
gulate gyrus (Brodmann's area 32), left striatum (caudate), 
left parietal lobe (Brodmann's areas 40 and 43), and left 
insula (Brodmann's area 13). In contrast, the PTSD subjects 
showed greater correlation than the subjects without PTSD in 
the right posterior cingulate gyrus (Brodmann's area 29), 
right caudate, right parietal lobe (Brodmann's areas 7 and 40), 
and right occipital lobe (Brodmann's area 19). The authors 
concluded that the differences in brain connectivity between 
PTSD and comparison subjects may account for the nonver 
bal nature of traumatic memory recall in PTSD subjects, 
compared to a more verbal pattern of traumatic memory recall 
in comparison Subjects. Visual Recognition in the Brain 
0024 Na et al. (2000) used fMRI to image working 
memory in humans. Like all studies to date, they were able to 
determine gross brain areas of activation, but were limited on 
their resolution. Na et al. assessed activated brain areas during 
stimulation tasks (item recognition), followed by an activa 
tion period. The prefrontal cortex and secondary visual cortex 
were activated bilaterally by both verbal and visual working 
memory tasks, and the patterns of activated signals were 
similar in both tasks. Bilateral prefrontal and superior parietal 
cortices activated by the visual working memory task may be 
related to the visual maintenance of objects, representing 
visual working memory. 
0025. Their activation map images of the upper level of the 
brain showed neither activated signals in the Supramarginal 
gyrus nor lateralization of activated signals in the frontal and 
parietal lobes. Map image of the middle level of the brain 
showed no activated signals in the left inferior frontal or 
temporal gyrus. An activated signal in the prefrontal cortex 
corresponded to the signal activated during the verbal work 
ing memory task. Map image of the lower level of the brain 
showed bilateral activated signals similar to those seen during 
the Verbal working memory task in the right and left occipital 
cortices and posterior fusiform gyri. 
0026. Zhang et al. (2003) compared brain activations 
between positive and negative responses (known to differen 
tially tax access/evaluation processes) to investigate the 
involvement of frontal cortex in accessing and evaluating 
information in working memory. Participants remembered 
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two trigrams in each trial and were then cued to discard one of 
them and maintain the other one as the target set. After a delay, 
a probe letter was presented and participants made decisions 
about whether or not it was in the target set. Several frontal 
areas—anterior cingulate (BA32), middle frontal gyms (bi 
lateral BA9, right BA10, and right BA46), and left inferior 
frontal gyrus (BA44/45)—showed increased activity when 
participants made correct negative responses relative to when 
they made correct positive responses. 
Visual Imaging Using Techniques Other than fMRI 
(0027 Blaizotet al. (2000) used PET data to map the visual 
recognition memory network in the baboon. Using comput 
erized matching to sample visuomotor control tasks, they 
matched PET data to that obtained by anatomic MRI images. 
They found that foci of significant activation were distributed 
along the following brain areas: Ventral occipitotemporal 
pathway, inferomedial temporal lobe, and orbitofrontal cor 
tex, consistent with activation studies in healthy humans. 

Additional Studies Indicating Location of Active Memory 
and Thought 

0028. In addition to the work of Ishai and of Zenich, 
referred to above, there are a number of other studies support 
ing the accessibility of neural data for interpretation of the 
actual thought processes occurring. Anderson et al. were able 
to record signals from neurons in monkeys and showed how 
they were coding for movement, an important step towards 
creating better prosthetic devices for paralyzed people. The 
decoded signals enabled the researchers to predict the mon 
keys arm movements in tasks in which they thought about 
reaching for an item without actually doing so. Further, their 
research Suggests that other types of cognitive signals can be 
decoded from patients. 
0029 Past studies on monkeys have shown that informa 
tion from neurons coding movement instructions can be used 
to control prosthetic devices. For example, Rhesus monkeys 
could be taught to control and assimilate a robot arm using 
signals from their brain. To achieve this, researchers 
implanted an array of microelectrodes into the frontal and 
parietal lobes—areas of the brain involved in producing mul 
tiple output commands to control complex muscle move 
ments. The faint brain signals from the electrodes were 
detected and analyzed by a computer system to recognize 
patterns of signals that represent particular movements by an 
animal's arm. These signals were translated into similar 
movements of a robotic arm. 
0030 Andersen and colleagues implanted in monkeys 
arrays of electrodes into areas of the brain that encode the 
goals of reaching movements rather than controlling move 
ment itself. While the monkeys waited for a cue that told them 
to reach for an icon flashing on a screen, a computer program 
interpreted the brain signals recorded by the electrodes. Once 
the “neuronal code” was cracked, the researchers used the 
program to decipher the direction that the monkeys were 
planning to reach for during trials in which they thought about 
reaching but didn't actually do so. When monkeys remained 
still while having thoughts that were consistent with 
requested movements, they received a reward. 
0031. At first, the program had trouble matching the mon 
keys intentions to the icon's position much more often than 
chance. As the monkeys practiced thinking about reaching, 
however, their neural signals became stronger, enabling the 
program to decode the correct direction more frequently. 
Eventually, the program could predict the intended direction 
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of the monkeys reach as much as 67% of the time. When the 
monkeys knew that accurately thinking about the requested 
movement would yield a preferred reward, the computer's 
ability to predict direction improved by as much as 21%. For 
instance, recording thoughts from speech areas could allevi 
ate the use by those unable to speak (stroke, other neurologic 
diseases) of more cumbersome letter boards and time-con 
Suming spelling programs, or recordings from emotion cen 
ters could provide an online indication of a patient’s emo 
tional state. 
0032. The overall significance of these studies is that 
changes in the brain occur during active memory, and these 
changes can be observed using existing neuroimaging tech 
nologies. 
0033. Thus, there exists a need to translate neurologic 
changes occurring upon sensory or physical stimulation into 
a decipherable code allowing one to effectively read neuro 
logic activity of an individual. 

SUMMARY OF THE INVENTION 

0034. A method of interpreting cognitive response to a 
stimulus is disclosed. The method includes collecting base 
line neural activity data from a subject absent a stimulus. 
Neural activity data is collected while the subject is being 
stimulated through exposure to a stimulus. A unique three 
dimensional cognitive engram is then plotted representative 
of cerebral regions of stimulated neural activity caused by the 
stimulus. 
0035. A novel graphical representation is plotted in three 
dimensions to indicate the brain region response unique to 
that stimulus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the neces 
sary fee. 
0037 FIG. 1 is a schematic diagram of an inventive pro 
cess to determine a cognitive engram; 
0038 FIG. 2 is cognitive engrams derived from the data 
set of Bernard et al. (2003) for brain activity associated with 
anonymous and famous faces; 
0039 FIG.3 is a cognitive engram from a subject viewing 
an image of President Bush: 
0040 FIG. 4 is a cognitive engram from a subject viewing 
a grieving Woman by a grave; 
0041 FIG. 5 is a cognitive engram from a subject viewing 
an image of Saddam Hussein, and 
0042 FIG. 6 is function magnetic resonance images col 
lected from the same individual, viewing the images of FIGS. 
3-5, indicating similar areas of general visual activation, and 
also areas indicate specific differentiating areas. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043. The present invention has utility in producing a cog 
nitive engram representation of neuroimaging data associated 
with the neurophysiological changes that are responsible for 
storage of a specific memory element in the brain. The present 
invention finds utility in settings such as interrogation, 
national Security, criminal investigation, marketing and phar 
macology. 
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0044) While a memory engram is known to one skilled in 
the art as a term that refers to the physical changes in the brain 
that accompany learning, as used herein the term “cognitive 
engram' is defined as a multidimensional representation of 
neuroimaging data of neurophysiological changes that are 
responsible for storage of a specific memory element or con 
cept in the brain. A Subset of a cognitive engram is appreci 
ated herein to include truth/deception indications. 
0045. A “subject' is defined herein to include a human; 
non-human mammals such as monkeys, chimps, rats, mice, 
rabbits, dogs, cats, pigs, sheep and cows; and birds such as 
pigeons and chickens. 
0046 According to the present invention, cognitive 
engrams are described that capture memories of persons, 
places, events, concepts, intentions or thoughts from the brain 
of a Subject and as Such are readily adapted to discerning 
hidden agendas, past criminal activities, plans for the future, 
collaborative names, crime scene locations and other infor 
mation that for instance is relevant to criminal investigations. 
It is appreciated that interrogation uses of the present inven 
tion are facilities by exposing a Subject to stimulus while the 
Subject is sedated, sleeping, or unconscious. Additionally, 
application of various stimuli to a given Subject are applied 
directly onto the appropriate receptor organ (ear, eyes, etc.) or 
via direct brain stimulation 

0047. To better illustrate the methods of the present inven 
tion for locating and uncoding cognitive data, the conceptual 
phrase “I took the car to the ATM and withdrew some cash 
entails at least three images, namely an individual standing by 
an ATM machine, an image of a vehicle, and a cognitive 
image of currency. This conceptual phrase has numerous 
equivalent alternative phrases illustratively including “I took 
the car to the ATM, withdrew some cash”: “I got in the Jeep, 
took some money from the ATM’: “I got a ride to the bank for 
money'; and “Drove to ATM’. If the exemplary conceptual 
phrase “I took the car to the ATM and withdrew some cash 
were translated into a standard binary code, the resulting 
string of Zeros and ones would not be readily understandable 
to a human. However, if every time a person's memory area is 
imaged while they are viewing an image of an ATM machine 
results in a string of values X, then this code represents a 
unique cognitive engram, in this case for an ATM machine. 
Additionally, according to the present invention it is not nec 
essary to know how the representation is made so long as it is 
unique, repeatable and identifiable. As the brain represents a 
three-dimensional neuronal structure, the data necessary to 
derive a cognitive engram is not present in a single plane 
through the brain, but rather is found to be distributed through 
various portions of the brain and as such only a three-dimen 
sional construction of a neural activation map is operative to 
display data indicative of, in the exemplary case, an ATM 
machine. 
0048 Referring now to FIG. 1, the schematic process for 
the determination of a cognitive engram is provided. In FIG. 
1, the image 10 shown to a Subject is that of a car and 
specifically a Jaguar brand vehicle. Before the subject is 
shown the image 10, a baseline MRI and functional MRI is 
taken of the test subject to provide baseline imaging 12 of the 
Subject. Representative two-dimensional baseline Scan 
images are shown at 14. The presentation of the image 10 in 
front of the subject 16 occurs while functional MRI test 
imaging 18 is collected. Representative two-dimensional 
MRI images are shown generally at 22 during image presen 
tation 16. For each respective test slice 22, a compensation as 
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detailed further below with respect to corresponding image 
14 results in a series of two-dimensional numerical matrices 
representative of raw data 20. The raw data 20 is then com 
bined and analyzed to provide a cognitive image engram 24 
representative of the image 10. A representative engram for 
the car depicted in image 10 is shown at 26 and more specifi 
cally is unique not just for a car but for a Jaguar brand of 
vehicle. 

0049 Software for the analysis of raw imaging data 20 to 
identify unique cognitive engrams is Surprisingly not critical 
with the proviso that like processing is used for Subsequent 
experiments. 
0050. According to the present invention, manipulation of 
imaging data is as simple as Subtracting a baseline image from 
each test scan from a Subject brain. Alternatively, baseline 
two-dimensional MRI images and test two-dimensional view 
images are scanned for common patterns of data among 
groups of Subjects exposed to the same or similar stimuli. In 
this way, a database of cognitive engrams can be developed 
common across populations in response to a particular stimu 
lus. While the present invention has been detailed with 
respect to functional MRI data collection, it is appreciated 
that such data is optionally supplemented with CT, PET, 
MEG or EEG data. Such supplemental data is particularly 
helpful in constructing cognitive engrams representative of 
common responses to similar or identical stimulus. It is 
appreciated that conventional Software routines are operative 
herein to construct spatially localized images and correlate 
concepts and items introduced via Subject senses. Such soft 
ware routines illustratively include Subtracting test images 22 
from corresponding baseline images 14, cryptography soft 
ware, motion direction Software that involves use of moving 
overlap, correlation across various imaging techniques, neu 
ral network Software, statistical parametric mapping soft 
ware, analysis of functional neuroimages (AFNI software), 
holographic routines and combinations thereof. 
0051 Gradient imaging is also optionally used to fluctuate 
the magnetic gradient of the MRI signal to enhance the reso 
lution and content of the signal data. PET-MRI image regis 
tration is used to correlate images and data in both structural 
and functional terms. Although Such data is obtained from 
separate scans with separate techniques, the resulting data 
extracted from the different scans on the same individual 
afford common structural and functional information. CT 
MRI image fusion analysis is also operative herein to corre 
late images and data with both structural and functional com 
ponents. This is analogous to PET-MRI image registration. In 
another embodiment, the comparison of dynamic MRI imag 
ing with dynamic double arterial phase helical computer 
tomography is used to evaluate the structure and function of 
blood Supply and perfusion and its relation to the encoding of 
memory. Virtual MRI constructions of finer resolution are 
appreciated to correlate functionally active regions of a Sub 
ject brain to specific concept encoding. The resulting patterns 
are correlated through the stimulus a subject is being Sub 
jected to during neuroimaging. In other embodiment, three 
dimensional image correlation of CT. magnetic resonance 
and PET studies are compared to further enhance structural 
and functional correlations within a subject brain and catego 
rize those correlations with a stimulus or thought. 
0052. In still another embodiment, a functional magnetic 
resonance imaging in real-time (FIRE) uses sliding-window 
correlation analysis and reference-vector optimization of 
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imaging data to understand encoding of specific stimulus as 
concepts within the Subject brain in a mechanistic fashion. 
0053. In another embodiment, arterial spin labeling and 
dynamic susceptibility weighted contrast enhanced magnetic 
resonance imaging are used to discern, identify and match 
two-dimensional brain imaging data to the concepts being 
stored in a Subject brain. 
0054. In another embodiment, comparison of conven 
tional, magnetization transfer and diffusion-tensor magnetic 
resonance imaging findings is used with whole brain tissue 
histogram analysis to discern, identify and match two-dimen 
sional brain imaging data to concepts being stored in a subject 
brain. Additionally, activation areas of a subject brain by 
groups of continuous Voxels and by individual Voxels are 
compared between individuals and within the same indi 
vidual for multiple runs of the same stimulus. Additionally, 
windowing can be used to further simplify analysis such that 
instead of, for example, simply using maximal intensity by 
looking only at Subject brain regions having for instance 
greater than 90% activity or only activity between 60% and 
80%, a cognitive engram is more rapidly produced. 
0055. The net result of these varied image processing tech 
niques that are applied in the generation and analysis of raw 
data is to discern a data storage pattern within the brain and 
prepare a Rosetta Stone for the identification and matching of 
brain imaging scan data with a given stimulus without the 
need for understanding the rules of stimulus encoding within 
a Subject brain. 
0056. Optionally, prior to determination of a cognitive 
engram, image corrections known to the art are performed to 
remove image noise. Such additional techniques illustratively 
include correcting for Subject movement artifact, reprocess 
ing sequential images, digital noise Subtraction, blood oxy 
gen level dependency consideration, statistical deformation 
modeling (SDM), and analysis algorithms well known to one 
skilled in the art for MRI data that exploits differences in data 
signals not requiring functional MRI or blood oxygen level 
dependent techniques. 
0057. An additional aspect of the present invention is the 
development of movement artifact overlap harvesting in 
which additional data removed by software to correct for 
movement artifact is harvested and processed to fill in detail 
from spatial areas between imaging slices and as Such 
increases the total data set. The inventive technique of move 
ment artifact overlap harvesting spatially plots conventional 
motion correction artifacts to create partial pseudoslices 
intermediate between adjacent MRI imaging slices. 
0058. The present invention is further detailed with 
respect to the following non-limiting examples. 

Example 1 

Cognitive Engrams Extracted From Existing Studies 

0059 Recent scientific publications utilizing fMRI to 
study neurocognitive functions were located by searching the 
National Library of Medicine. Publications which detailed 
the specific coordinates of activation areas for visual objects 
were selected, and are described below. Three-dimensional 
graphical Surface and bubble point representations of the 
activation maps were constructed by plotting the XyZ coordi 
nates. The xyz coordinates were supplied by all three sets of 
investigators using the normalized space of the Talairach and 
Tournoux brain atlas (1988). 
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0060 All of the publications whose data was reprocessed 
presented test objects to test subjects while lying in an MRI 
scanner, using a flat panel display situated to allow visibility 
during scanning. 
0061 Bernard et al. (2004) studied the presentation and 
processing of visual imaging of famous and non-famous 
faces. The study used an event-related fMRI design, utilized 
a 4-T MRI system, with stimuli consisting of 80 black and 
white pictures of adult faces, half of famous and half of 
non-famous people. The XyZ coordinates of the activation 
areas were supplied in Table 1 of the Bernard et al. publica 
tion. When the three-dimensional representation of Bernard 
et al. was prepared, the following cognitive engrams were 
determined. 
0062. When Bernard 2004 data was processed to create 
three-dimensional activation maps, two cognitive engrams 
were developed, one for famous and one for non-famous 
faces. It is apparent that by viewing these activation patterns, 
a determination of famous versus non-famous could be deter 
mined. 
0063. The data regenerated from Bernard et al. into cog 
nitive engrams demonstrate the potential to distinguish 
whether specific faces are recognizable, and whether they are 
famous or non-famous. Differences between three classes of 
objects (face, chair, house), and familiar and non-familiar 
words can also be distinguished by the pattern of the cognitive 
engrams generated. With the development of more detailed 
activation maps, from a larger number of individuals, with a 
more detailed graphical representation of concepts, a Rosetta 
stone forming a database of cognitive engrams for individual 
faces, objects, places, and concepts (hate, intent to deceive, 
etc.) is being developed. Such a database allows the two-way 
interpretation of cognitive engrams, allowing the identifica 
tion of the presence of specific thoughts (persons, places, 
intents) in an individual's brain. 

Example 2 
Distinguishing Cognitive Engrams of Standard Faces 

0064. A 3-T General Electric Signa Excite scanner with 
whole head coil is used. Changes in the blood oxygen level 
dependent T2-weighted MRI signal are measured using a 
gradient-echo echoplanar sequence. In each time series, 18 
(128x128) or 28 (64x64) contiguous axial slices are obtained. 
There are three sets of scans performed per experiment: local 
izer, MRI for functional data, and high resolution anatomic. 
0065. The subject lies in the MRI scanner, wearing a 
phased array MRI head coil as part of the regular head scan. 
Mounted on the head coil is a 45 degree mirror, allowing them 
to see down toward their feet and view the test images. Dis 
played near the bottom of the subject's feet is a large photo, or 
a white blank paperboard, which can have a large X marked 
across it, which is totally within the field of view of the test 
Subject lying in the scanner. Other means of presentation of 
Visual test images include a goggle image projection set, and 
use of an MRI-compatible video monitor. 
0066. The functional MRI scans last between 110 to 220 
seconds total; after a 6 second lead-in time, the blank is 
displayed for 6 to 8 seconds, then the picture for 6 to 8 
seconds, blank, picture, for a total of 5 to 10 repetitions. 
0067. In a separate scan, high-resolution full volume 
structural images are obtained for each Subject, using fast 
SPGR imaging (146, 1.0-mm thick axial slices, no spaces, 
TR-8, TE=3.2. FOV-24 cm, 256x256 matrix). These 
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T1-weighted images provided detailed anatomical informa 
tion for registration and three-dimensional normalization to 
the Talairach and Tournoux atlas (1988), as described below. 
0068. There were about eight runs perperson for these first 
few scans: 

Run Process 

1 Localizer (sets up scanner field, directs scanned 
areas into brain, avoids ghost images) 

2 First photo 
3 Second photo 
4 Third photo (if used) 
5 Detailed Anatomic run 

Data Analysis 

0069. Imaging data is analyzed in two ways: conventional 
and raw data. Conventional analysis refers to the generation 
of activation maps correlated with anatomical representative 
images. Modeling of raw imaging data involves the manipu 
lation of the basic output from the scanner itself, using tech 
niques such as neural networks. Voxels can be individually 
compared with the properties of intensity of activation and 
corrected spatial localization. 
0070 The following paragraphs explain the conventional 
analysis procedure. The fMRI scan volumes are motion-cor 
rected and spatially smoothed in-plane. MRI data files are 
analyzed using MedX to determine the location of activated 
Voxels—defined as Voxels from a brain region that respond 
differentially to the test (visual) stimuli. Voxels are selected 
that show an overall increase in activity for meaningful 
stimuli, for example, a positive regression weight for the 
contrast between a test photo and control (blank page) 
stimuli. The uncorrected probability is >0.05, meaning every 
voxel showing activation with the probability of more than 
95% is selected in the analysis. 
0071 Activated voxels are then segregated into clusters 
according to the category of objects that evoke the maximal 
response. For a conventional analysis, clusters of seven or 
more contiguous Voxels are considered significant. In sepa 
rate analyses, activated voxel data can also be parsed on the 
basis of degree of activation. 
0072 The anatomical locations of clusters of voxels show 
ing significant differences between responses are determined 
by Superimposing the statistical maps on coplanar high-reso 
lution structural images. The partial Volume structural images 
are registered with the full Volume high-resolution images 
using Automated Image Registration (Woods, MaZZiotta & 
Cherry, 1993). 
0073. The full volume high-resolution images are normal 
ized to the Talairach and Tournoux atlas (1988) using MedX. 
Both transformations (registration and normalization) are 
then applied to the statistical maps, in order to obtain the 
Talairach coordinates of brain regions that respond maxi 
mally to the test stimuli to generate a cognitive engram. 
0074 Functional MRI experiments were performed on 
normal Subjects, while they were looking at photos. As an 
example, the following activation map data points were cre 
ated when viewing photos of President Bush and a grieving 
woman kneeling at grave site are detailed in Tables 1 and 2. 
respectively. 
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TABLE 1 

Activation Points for President Bush 
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Right Cerebrum, Limbic Lobe, Parahippocampal Gyrus, Gray Matter, Hippocampus 32 -20 -14 
Left Cerebrum, Temporal Lobe, Inferior Temporal Gyrus, Gray Matter, Brodmann area 20 -44 -16 -28 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, White Matter, * 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, White Matter, * 
Left Cerebrum, Temporal Lobe, Inferior Temporal Gyrus, White Matter, * 
Left Cerebrum, Temporal Lobe, Inferior Temporal Gyrus, White Matter, * 
Left Cerebrum, Temporal Lobe, Inferior Temporal Gyrus, White Matter, * 

TABLE 2 

-42 -16 -26 
-45 -16 -26 
-44 -18 -28 
-44 -18 -30 
-45 -18 -28 

Activation Points for Grieving Female 

0075 Cognitive engrams derived from scans of a subject 
brain while viewing photos of President Bush, a grieving 
woman kneeling at a graveside, and Saddam Hussein are 
shown in FIGS. 3, 4, and 5, respectively. The fMRIs from the 
same individual, viewing these images are shown in FIG. 6. 
where similar areas of general visual activation arte noted, 
and also areas that are indicative of specific differentiating 
areas. By using an activation map composed of XyZ coordi 
nates and intensity windows, such as areas with greater than 
90% activity, 60 to 80% activity, etc. a fourth dimension of 
activity intensity topography is overlapped onto an inventive 
cognitive engram. 

Example 3 
Sample Interrogation Protocol 

0076 Background information is obtained on the sub 
ject's name, age, sex, SSN, birth city, medications, current 
and past illnesses, psych history, criminal history, accusation. 
Then, a basic set of Standard images is presented to the test 
Subject while undergoing neuroimaging, in order to obtain a 
background pattern of activation. Individual responses to 
questions are recorded via a number of techniques, including 
Verbal and pressing of buttons on handgrips. The test Subject 
is presented with between ten to twenty test questions, and 
asked to Supply intentionally deceptive and intentionally 
truthful responses to each question. 
0077. The test subject is presented with case-specific 
questions, with accompanying images/displays of words and 
phrases concerning: 
0078. Facts about their own personal life, name, sex, age, 
SSN, residence, criminal history; and 

Location X Y Z. 

Left Cerebrum, Temporal Lobe, Sub-Gyral, White Matter, * -40 -11 -14 
Left Cerebrum, Temporal Lobe, Sub-Gyral, White Matter, * -38 -9 -14 
Left Cerebrum, Temporal Lobe, Sub-Gyral, White Matter, * -38 -10 -14 
Left Cerebrum, Temporal Lobe, Sub-Gyral, White Matter, * -36 -8 -14 
Left Cerebrum, Temporal Lobe, Sub-Gyral, White Matter, * -38 -7 -16 
Left Cerebrum, Temporal Lobe, Sub-Gyral, White Matter, * -38 -6 -14 
Left Cerebrum, Limbic Lobe, Parahippocampal Gyrus, Gray Matter, Brodmann area 36 -25 -36 -14 
Left Cerebrum, Limbic Lobe, Parahippocampal Gyrus, Gray Matter, Brodmann area 36 -24 -33 -14 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, *, * -26 -38 -14 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, Gray Matter, Brodmann area 37 -27 -41 -14 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, *, * -26 -38 -14 
Left Cerebrum, Limbic Lobe, *, *, * -23 -38 -12 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, *, * -25 -40 -12 
Left Cerebrum, Temporal Lobe, *, *, * -29 -40 -16 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, *, * -28 -34 -16 
Left Cerebrum, Temporal Lobe, Fusiform Gyrus, Gray Matter, Brodmann area 37 -28 -38 -14 

0079 Specific photos/questions/statements relating to the 
Subject at issue, including potentially the specific crime, 
intention, conspiracy collaborators, locations, objects. 

0080. The raw imaging data (structure and function) is 
analyzed and three-dimensional activation and anatomical 
maps are created. The pattern of activation is correlated with 
specific responses to images and concepts, as part of a cor 
relative dictionary (Rosetta stone) between three-dimen 
sional fMRI activation maps and concepts/images presented. 
I0081. The activation map is analyzed according to 
Example 2 to create the optimum correlation between activa 
tion areas and truthful/deceptive responses on control and 
question images/ concepts. Using the internal controls on 
individual patients, and accumulated group controls, an inter 
pretation on truthfulness is made for: 
I0082 responses to individual questions; and 
I0083 recognition of individual presented images and con 

cepts. 
I0084 Example 4 

Use of fMRI to Predict Neurologic Adverse Effects 
of Interferon Used to Treat Patients with Hepatitis C 

I0085 Brain activation cognitive engrams of individuals 
who have been selected to receive interferon therapy are 
produced, before and after 4-6 weekly injections of inter 
feron. Standard medical questioning and written evaluation 
tools of depression such as Beck Depression Scale are 
employed at baseline and weekly to detect the development of 
INF-associated depression. Individuals who require treat 
ment of interferon-induced depression (receive an antide 
pressant such as SSRI medication) undergo repeat fMRI after 
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an appropriate therapeutic interval, in order to evaluate 
changes in activation map which can correlate with a thera 
peutic antidepressive response. 
I0086. Immediate follow-up studies include dose-response 
of interferon to fMRI indices of clinical depression, and 
response of depression, as shown by BARI indices of depres 
Sion, to antidepressant drugs. The immediate benefit of this is 
to develop an objective method of predicting a depressive 
response to depressant side effects of essential medications. 
The response predictive protocol is provided in Table 3. 

TABLE 3 

Interferon Study Design 

1 Pre-Protocol Eligibility Screening 
2 Eligible patient MRI and fMRI 

Scale 
3 Week 1 Begin hepatitis C 

treatment, including 
interferon 

4 Week 4-6, or sooner if significant MRI and fMRI 
adverse CNS symptoms develop Scale 

5 If CNS symptoms, but are not 
severe enough to discontinue 
interferon, begin an antidepressant 

6 2-4 weeks antidepressant MRI and fMRI 
Scale 

0087. The study subjects undergo continual MRI neu 
roimaging while viewing test stimuli in order to capture struc 
tural and functional data as detailed in Example 2. These data 
are analyzed for the presence of neuroimaging activation that 
has been shown to correspond to cognition and depression. 
0088 Test visual stimuli are chosen to induce a strong 
depressive response in the viewer. 
0089. A normal test subject was shown photos of President 
Bush, Saddam Hussein, and of a grieving woman kneeling at 
a grave as detailed in Example 2. The photo of the grieving 
woman was used to generate a feeling of sadness. This person 
showed activation in the right inferior and middle temporal 
gyrus, and in the fusiform gyrus, areas known to correlate 
with the provocation of sadness in normal individuals. This 
activation was only noted when viewing the grieving woman, 
not for the test photos of President Bush and Saddam Hussein. 
Individuals scoring as depressed on the Beck Depression 
Scale showed varying degrees of activation in these cerebral 
regions for all three images. 
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specification are indicative of the levels of those skilled in the 
art to which the invention pertains. These documents and 
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0093. The foregoing description is illustrative of particular 
embodiments of the invention, but is not meant to be a limi 
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tation upon the practice thereof. The following claims, 
including all equivalents thereof, are intended to define the 
Scope of the invention. 

1. A method of interpreting cognitive response comprising: 
collecting baseline neural activity data that maps a neural 

activation absent a stimulus onto neuronal structure of a 
subject brain; 

exposing said subject to said stimulus; 
collecting stimulated neural activity data from said subject 

while said subject is exposed to said stimulus; and 
plotting a unique three-dimensional cognitive engram rep 

resentative of the stimulated neural activity caused by 
said stimulus. 

2. The method of claim 1 further comprising: compiling 
said cognitive engram in a database containing a plurality of 
engrams. 

3. The method of claim 2 wherein said plurality of engrams 
is derived from a plurality of stimuli that is different than said 
stimulus. 

4. The method of claim 1 wherein said stimulus is sensory. 
5. The method of claim 1 wherein said stimulus is viewing 

an image. 
6. The method of claim 1 wherein said stimulus is a verbal 

question of recall. 
7. The method of claim 1 wherein said stimulus is chemi 

cal. 
8. The method of claim 7 further comprising correlating 

said cognitive engram with a regimen of administration of 
said chemical. 

9. The method of claim 1 wherein said subject is a human. 
10. The method of claim 1 wherein said baseline data and 

said stimulated data are collected as a plurality of tomo 
graphic scans compiled as two-dimensional slices. 

11. The method of claim 1 further comprising performing 
an operation on said stimulated data prior to plotting said 
cognitive engram, said operation selected from the group 
consisting of correcting for Subject movement artifact, repro 
cessing sequential images, blood oxygen level dependency 
consideration and statistical deformation modeling. 
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12. The method of claim 1 further comprising harvesting 
Subject movement artifact overlap data to increase the quan 
tity of said stimulated data prior to plotting said cognitive 
engram. 

13. The method of claim 1 wherein said baseline data and 
said stimulated data are derived from arterial spin labeling 
and dynamic Susceptibility weighted contrast enhanced mag 
netic resonance imaging. 

14. The method of claim 1 wherein said baseline and said 
stimulated data are derived from magnetization transfer and 
diffusion-tensor magnetic resonance imaging with whole 
brain tissue histogram analysis. 

15. A graphical representation of cognitive activity com 
prising a three-dimensional plot matching of brain imaging 
scan data with a stimulus, said plot prepared absent input of 
stimulus encoding rules within a Subject brain. 

16. The graphical representation of claim 15 wherein said 
plot is unique to said stimulus and reproducible upon reintro 
ducing said stimulus. 

17. A method of questioning a Subject comprising: 
generating a graphical representation according to claim 

15 for a known truth and a second graphical representa 
tion according to claim 15 for a known falsehood; and 

generating a graphical representation according to claim 
15 in response to a stimulus intended to elicit a true or 
false cognitive response in said Subject. 

18. A method of objectively measuring Subject status com 
prising: 

generating a graphical representation according to claim 
15 from said subject and 

comparing said graphical representation to a control. 
19. The method of claim 18 wherein a subject's state is 

selected from the group consisting of physiology, psycho 
logical disease state, response to a chemical stimulus, and a 
level of pain. 

20. The method of claim 19 wherein the subject's state is 
response to a chemical stimulus, wherein said chemical 
stimulus is induced by administration of a drug selected from 
the group consisting of interferon, quinolones, neuroleptics, 
serotonin-active drugs, and alcohol. 
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