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The CCD - the fundamental transformative technology enabling
creation of wide-field datasets



Anticipated Evolution of Data Content
of Typical APLIS Systems

o Text Based
® Image Based




Compelling Use Cases for Image Query

Diagnostic decision support
Longitudinal evaluation
Differential diagnosis generation
Detection of rare events
Teaching

Discovery
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A network-based analysis of systemic inflammation

in humans

Steve E. Calvano'*, Wenzhong Xiao™, Daniel R. Richards®, Ramon M. Felciano®, Henry V. Baker®",
Raymond J. Cho’, Richard O. Chen?, Bernard H. Brownstein®, J. Perren Cobb®, S. Kevin Tschoeke’,

Carol Miller-Graziano’, Lyle L. Moldawer®, Michael N. Mindrinos®, Ronald W. Davis®, Ronald G. Tompkins®,
Stephen F. Lowry' & the Inflammation and Host Response to Injury Large Scale Collaborative Research

Programt

Oligonucleotide and complementary DNA microarrays are being
used to subclassify histologically similar tumours, monitor disease
progress, and individualize treatment regimens'™. However,
extracting new biological insight from high-throughput genomic
studies of human diseases is a challenge, limited by difficulties in
recognizing and evaluating relevant biological processes from
huge quantities of experimental data. Here we present a structured
network knowledge-base approach to analyse genome-wide tran-
scriptional responses in the context of known functional inter-
relationships among proteins, small molecules and phenotypes.
This approach was used to analyse changes in blood leukocyte
gene expression patterns in human subjects receiving an inflam-
matory stimulus (bacterial endotoxin). We explore the known
genome-wide interaction network to identify significant func-
tional modules perturbed in response to this stimulus. Our
analysis reveals that the human blood leukocyte response to

endotoxin activates innate immune responses and presents with
physiological responses of brief duration'®. Notably, there is an initial
proinflammatory phase and a subsequent counterregulatory phase,
with resolution of virtually all clinical perturbations within 24 h.
K-means cluster and principal component analyses were first used
to visualize the overall response to endotoxin administration. Figure
la reveals probe sets clustered by K-mean analysis, where each bin has
a distinct endotoxin-induced temporal pattern. The signal intensity
of 5,093 probe sets—representing 3,714 unigque genes—out of a total
of >44,000 probe sets changed significantly in response to endo-
toxin, whereas no significant changes were observed in control
subjects (estimated false discovery rate <<0.1%). Of the 5,093 probe
sets identified, over half showed reduced abundance at 2,4, 6and 9h,
returning to baseline by 24 h (see bins 0—4). In contrast, a smaller
number of probe sets were induced by 2h (bins 5, 6), and the
remaining probe sets showed a delayed response, peaking at 4-9 h but




Current World View of Pathology
Imagery Repositories

Model 1: Relational Database Model 2: Metadata-tagged Images
— Image Metadata associated with case-level data Image Metadata associated with each image
—  Entire Schema required to carry out discovery — Image becomes a self-contained dataset available for
- Text-based discovery
—  Image data is a passive component of the query —  Text-based

— Image data is a passive component of the query

Entry in
master
accession
table

Associated case
and image descriptors

Associated case
and image descriptors




Highly Desirable World View of

Pathology Imagery Repositories
(Future State)

Model 3: Metadata-tagged surface map Model 4: Surface discovery
Image Metadata exists at the image level and is — Non-metadata-associated digital imagery is spatially
spatially coupled to underlying digital imagery probed for statistical convergence with an image-based
—  Discovery can be carried out on the image-space itself, query set
with retrieved metadata classifiers available for — Imagery becomes a self-contained dataset available for
generating search result sets (e.g. differential discovery
diagnosis generation) - Image-based

— Image-based

Region-of-interest based predicate
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Synthesis of Disparate Vectorized
Data sets

Increased size of global composite vectors
Added analysis complexity

Enhanced opportunity for discovery

No commercial software

Paucity of synthetic algorithms

Few domain-specific publications
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On the prospect of

analyzing 1000’s of
Gigabytes of data in
real-time...

“...the difference between
myself and a madman is
that, quite obviously, [ am
not mad...”

-Salvador Dali
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Some Observations Concerning
Slide data Density

Characteristics:
- ~2.5by ~7.5cm
— 1/3 used for label
— 2.5 x 5.0 cm for tissue display
— Typical light microscopésis

diffraction-limited to O.
microns

— Yields an effective required pixel
count of 100K by 200k pixels (2.3
Gb) or a 20k MPixel Image

— This is the same things as saying
that one would need to capture
20,000 images with a 1 MPixel
camera to obtain a single slide

— Herein lies the essence of why
telepathology has been so long in
approaching an operational
reality.

This is a 20 GPixel image

B Lhintobah mrit A

vs. a relatively

insignificant
4 MPixel Image




Project Objectives

Develop a seIf—trainlnig domain independent image
segmentation / classification tool.

Utilize this tool to create two novel image search
modalities:

— Region of interest Query by example (image space search; not
text based)

— Retrieve diagnostic information associated with prior classified
fields, enabling the generation of dynamically generated
differential diagnosis

Explore the stochastics of multi-dimensional image space
data as it applies to other emerging massively parallel
data collection approaches (genomics, proteomics, etc.)

— l2
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Vector Quantization
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Vectorization of
each local kernel

Individual
assessment of each
composite vector M
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Initial n by n sub-region of image Resultant Input Vector
Kernel of nene3

dimensionality

For every location . = m

Each location is an RGB triplet; hence, each
vector component is itself a triplet sub-vector.




What about higher order data, which may
also constitute complete vector sets?

Multi-planar (cytology)

Synthetic data sets

— Image-genome

— Image-proteome

— Image-physiome, etc.
Hyperspectral

From a vector analysis perspective, added vectors
simply add robustness to a system, independent
of their phenomenological derivation.
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Polynomial Model Stringency

140

© Polynomial Model Considerations

— Vector data need not be exactly
like source data

— Provides for concurrent
compression and opportunity to
search in a greatly reduced
search space.

0 | — Very useful for hyperspectral
imaging search
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—— Raw Data
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Typical Galois Field mapped to the even
Jacobian/Chebyshev tensor polynomials manifested on the
edge of the complexity transition

On Galois Fields... \f‘? | e s ]
— Not merely a clustering o —
algorithm ‘ :

— The resulting field is a non- sia[ %) o st o (oro/m2meT (10m 7] h (20
linear N-space manifold | .
selected for its

distinctiveness from all other P S L
modular functions in the [ssclme T (e ane s oot cotanen 2
Galois set space

Sec| = 1® |t h h [th

— Fields may have local minima -
and Iocal extrema 4:-:2h2—2h-:2r—'.,-'lm::—r-:—1—2r-2'.-'l t.
Any Galois manifold is |

exclusive of any other Galois

cat
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Non-trivial to c
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Vector Quantization

VK:Z{[L.XOyO]Order A [L.Xn m Order} A

Established
Vocabulary

Query Against library (Vocabulary) of
established Galois Vectors

v
Previously Novel

Identified Vector

Assignment of a

unique serial

number and

inclusion into global
VO(

Assembly of
compressed
dataset
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VQ - Based
Image Compression

Raw Data - Restored

Compressed data
(preserved spatial organization of
original data)

Depending on the selected compression ratio, restored loss-compression
imagery may or may not be of diagnostic quality.




Information Theory pertaining to
Galois Mapping Systems

Ludwig von Boltzman

— What is an efficient manner to model processes that
have essentially infinite discrete elements (gas
Kinetics)?

— %= Boltzman distribution

— Model many discrete elements with a continuous
function
computationally feasible
conceptually palatable
Phenomenologically correct

" ' 21
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The Mean-free-path problem

In Astrophysics: What is the incidence of
two stars colliding for a given tensor
volumetric distribution?

In Histology: What is the likelihood of two
comparable Galois tensors sharing a
common region in N-space for a given
homomorphic stringency?

" ' 22
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The Mean-free-path problem

A=1/(ng) and p= ANV
— Mean free path of A and collision interval of o

Where n is the number density, o is the cross section and is the
random velocity

— For our galaxy, 0 =10"° years
0 =T (2Roe)?; Re =6.96x1070 cm
— For Vector quantization of histologic data, with use of 64-
dimensional vectors or higher orders, the incidence of overlap of

non-homomorphic regions is greater then 1 in 2563° (1.766x107?)
which allows for unique identification of structural components.

— When combined with multivariate Bayesian analysis, the
identification profile effectively becomes a fingerprint for
underlying unique histomorphic status of a region of interest.

I Iabinfotechsummit &



N-Space systems exhibit Maxwellian energy

P Chapter 5: Stability of il
Collisionies Syuany distributions, regardless of length-scale,

Combining these squations, we obtain making them available for modeling in
IxG [ k- dfy/dv -di i
pp f i ‘{u_fw R e reverse-discretized form.

This equation is the required dispersion relation sinee it relates k gl

W
For fllustrative purposes assume that fy

i T a

fnl‘-’} = m i 2 [*5}

Thus, the cluster of homomorphs created by
any histologic architecture can be modeled
by a family of continuous functions,
simplifying computational complexity and

where gp 18 the density, When fy b5 of thiz form, the instegral ose Search-space size.
all velocities in equation {5-27) can be done in rectangular poss

{0y 0y, 0:), where the v -axis is chosen to le in the divectic i
The integrals over v, and v, are simple, using .r:nﬂﬂl:—i*ﬂ’fp’}ﬁi

v 2ma?, and equation (5-27) becomes

222G ™ |r,.1'_;"5"“39"'1
-*.'ﬂ'# —Dp0 ﬁ!l.r; = fal J“r =ﬂ- {Mﬁ-

By analogy with the fluid case, wo expect the boundary between stble
and unstable solutions to occur at w = 0. At w = () the integeal in (334
18 evaluated easily, and we have '

Ty A7 lepy
Hu=0=k = < (3401

where k; Is the Jeans wavenumber for the stellar systen. Thos e

for the Jeans length of a collisionless system is the same that
obtained for fuids. equation (5-22), except. that. the veloehy digenin
@ s substituted for the sound speed o, T T
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Consequences of VQ representation, in
light of Maxwellian complexity

If an image can be compresses by six log,
and subsequently restored with minimal
degradation of diagnostic clarity, is it not
the case that the sum total of “knowledge”
is similarly contained in the compressed
data set as at is obviously present in the
primary and restored data.

Searches carried out upon the compressed
data set represent an enormous
computation opportunity for simplified
query.

As VQ vectors are structural homologs of
repeating histologic elements, the query can
be carried out by searching for a set of
recurring vectors in the image set space,
using a region-of-interest source template.
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How does this approach differ from
traditional N-space cluster analysis?

Conventional VQ-Galois

— Algorithms are custom — General matching
designed for a narrow algorithm agnostic to
recognition task input data format

— Often requires — No end-user
customization with customization required
expert programming — Designed to improve

— Low tolerance to with increased data
variability in source pool size (self-training)
format

" ' 29
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Derivative Technology:
Image-Based Query-by-Example

New Class of Database

User to select query by generating an image-
pased ROI (region of interest)

ROI is vectorized for comparison with the highly
compressed vocabulary library.

Similar Images (with associated known
diagnoses) are returned as a thumbnail gallery.

A differential diagnosis tool is implicitly enabled

. ' 30
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Typical Resultant Voronoi Class System Clusters as basis functions for
Bayesian Belief Networks (BBNs)
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— Differential Diagnoziz
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y kildly elevated chronic inflamation: 9927 c.l.
Hepatocedlular Dyzplasia; 3.17% c.l.
|
“
$,
it
-
]
-
i

i 'QQ‘.‘-". 3 A:_'fff. :
== [ahinfatechsummit &

o oINS »
o Ly

‘;_':"'h

»

-




Adenocarcinoma

t Odds Diagnosis
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