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Why should we ask this question?

e The nature of much of our research is highly focused

e Itis valuable to take a step back and ask:

+* Where have come from?

+ Where are we going?

e Identifying our long term strategic goals can:

* Provide a technology roadmap
¢ Channel research efforts

¢ Enhance investment from industry and government
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My Approach

Step 1
+ Make an irreversible commitment
Step 2
¢ Panic
Step 3
+ Ask a variety of experts in the field about their views

¢ Thank you Zygmunt Pizlo, Jan Allebach, Qian Lin, Ed Delp, Raja Bala,
Bernice Rogowitz, Reiner Eschbach, Peter Doerschuk, Guotong Feng, and
Yibin Zheng

Step 4

+ Consolidate input into 7 major GCP’s

+ Pull in some illustrative examples of precursor research
Step 5

¢+ Goto Step 3
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GCP-1: Inversion of Complex
Physical Systems

Many physical systems can be described using a combination of
deterministic and probabilistic mathematical models

Massive computational resources allow for the possibility of inverting
these systems

Depends on:

+ Accurate system models

+ Incorporation of prior information and regularity
Applications in:

+ |Image acquisition and sensing

* Image rendering

Two types of inverse problem
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Type | Inverse Problem

e Recover information from indirect measurements

System Mod€ :
X a < | nver sion 52

. . M ethod .
Unknown Linear/Nonlinear Y Estimate
Quantity Deterministic/Stochastic| pata

T T

Regularity Conditions
(Prior knowledge)

Other Unknowns
(Nuisance Parameter s)
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Type Il Inverse Problem

e Compute an input that will generate desired result

: System Mode€
Y% I nversion ) Q
Method . .
Unknown X Linear/Nonlinear Actual
Quantity Synthesized |Peterministic/Stochastic Output
T I nput I
Regularity Conditions Other Unknowns
(Prior Knowledge) (Nuisance Par ameters)
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Type | and Il Inverse Problems

e Type linverse
* Image deblurring
¢+ Tomography
+ Image mosaicing
¢ 3D scene recovery
¢+ Human vision

e Type ll inverse
¢ Colormap design
+ Halftone design

* Photolithograph
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Type | Inverse: Example

e Forward model
+ Gravity
¢ Fluid dynamics
+ Light propagation
+ Image formation
e Inversion
¢ lllumination estimation
+ Shape from X
* Inverse dynamics

+ Real world knowledge

e Inverse Solution: Something fell in the water
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Multigrid Op‘t]cal D]'f'fus] on Tormography
Charles Bournan, Kevin Webb and Rick Millane, Purdue University

Goal: Image in scattering media using light (tumors, blood chemistry, environmental sensing).

Major Accomplishments: A 3-D image of acylindrical absorber in atissue phantom
(Intralipid) has been achieved using measured data having multiple modulation frequencies.
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4
2
Personal
Computer 3 5
] |LED| Flask = \
Data (29 x 81 x 81 mm) " d ‘,
. 4 Absorber _a|
RF Out | > &m, o g
Network Intralipid -2 _
Analyzer Scattering Medium 0 |
Ref In = Photodiode 4 o1 2
RF In Destcegtno&_ nglce‘;il‘lﬁ)ﬂ _’Destce;tlor x (cm) o y (cm)
| 25
ER g
= 1.5
=1 ‘ B
0.5
0
-4 -2 0 2 4
X (cm)
. a . ) e 4,
[1] A.B. Milstein S. Oh, J.S. Reynolds, K.J. Webb, C.A. Bouman, and R.P. Millane, Optics Letters & >

A

C‘.

. 3 %-4 .

[2] J.C. Ye, C.A. Bouman, K.J. Webb, and R.P. Millane, IEEE Trans. Image Proc., Vol. 10, pp. 909-922, June 2001 PUBo. T8
f,")&



Fluorescence Optical Diffusion Tomograpny (FODT)
Project: Multigrid Optical Diffusion Tomography (0073357-CCR)
PI’s. Charles Bouman, Kevin Webb, ECE, Purdue University
Collaborator: David Boas, MGH, Harvard

Goal: Image fluorescent tumor phantom in scattering media using light.
Applications: Tumor detection, functional imaging, and blood chemistry

Major Accomplishments: A 3-D image of asmall sphere containing afluorophore (ICG) in a
tissue phantom (Intralipid) has been achieved using time-resolved measurements
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Printer characterization*

Forward
Device dependent / transiorm \ Device independent
color color
transform

*Raja Bala, El 2003 P_UBDUE




Same color, different moiré*
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AM/FM Halftoning

e Each input gray level g is rendered with the optimal
combination of dot size, €, and dot density, p,

AM/FM halftoning

AM modulation

dot size

modulation

y

0

FM modulation
- optimized | dot density dispersed dot
| jiy j density curve halftoning
X
x(m,n -
T | optimized dot size
size curve

*with Zhen He

printer
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AM/FM Parameter Design System*

e Measurement step

halftoned _ scanned
test pattern image print-out gray image
Generatetest | | RunAM/FM |1
patternof | ———» haftoning — —
gray patches algorithm |,
0 p target printer scanner

dot size dot density

e Optimization step

scanner
calibration | | target tone
curve curve :
optimal

— v v dot size curve

multi-resolution /

coordinate decent

\4

scanned
gray image optimization system optimal
T G, T o, dot density curve
dot size dot density
smoothing  smoothing
parameter parameter
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Finding the Best Inverse

e Optimal dot size curve is obtained by minimizing the cost

function: 6= ag  minC(b,,0,0.:)

ée[emin ”S’max]254

lllustration of tone compensated print distortion

e Requires non-convex optimization

e Results in best path from highlights
(small dots) to shadows (large dots)

0 50 100 150 200 250
gray level g

High lights Shadows
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Rendering of Scanned Text
ABCDEFGHIJKLMN
abcdefghijklmn

ABCDEFGHIJKLMN
abcdefghljklmn

ABCDEFGHIJKLMN
abcdefghiskimn

AM/FM halftoning

Floyd-Steinberg
error diffusion

PhotoTone

PURDUE




GCP-2: Automated Extraction of
Perceptual Organization

e Segregation of figure/ground
¢ Essential in many imaging problems

+ An unsolved problem

e Association of component hierarchies
+ Natural scenes
+ Objects

* Documents
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Familiarity (Experience) in Perception

(Courtesy of Zygmunt Pizlo)
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(Courtesy of Zygmunt Pizlo)

Two views of the same set of rods and a planar figure.

N
P

Ames (1950)

We usually operate in a familiar environment. Perhaps we just learned
how the objects look. Constraints are then provided by the prior
probability.
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Perceptual Organization*

*courtesy of Jan Allebach and Cecilia Weber PURDUE



GCP-3: High Level Interpretation for
Image Processing and Render

e Context provides information that can be used to:
+ Enhance image quality
+ Improve rendering
+ Increase compression
+ Re-render image

e Contextual information can range from:

+ Low level
» Local pixel
» Pixel window

+ Midlevel
» Wavelet coefficients
» Pyramid representations
» Feature vector extraction

+ High level
» Figure/ground segregation
» Object recognition
» Face recognition
» Image interpretation
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Example 1: image scaling by tree-

based resolution synthesis*
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Image

Source

Image

*with Brian Atkins and Jan Allebach
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Structure of estimator*

Classify | A B,
i=Cr(2)
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with Brian Atkins and Jan Allebach PURDUE



4X scaling results*

Photoshop Bicubic Interpolation Tree-Based Resolution Synthesis

*with Brian Atkins and Jan Allebach PURDUE



*with Guotong Feng and Hui Cheng

Mixed Raster Content (MRC)

Document Compression*®
IAssembly g -

= h S
_—_— == - -
== =T
e— e
L)
=y

[r——LielValce Jaxt oF

r |H'|l'l'J"l' Hlth.'Hl"-.l' H,,g-i. Il 1.1.-.1'5.: B2
AR %%
L
T
LA LI ELTE] o Lasw

Tan iy ismaEy Lary

Guest Editorial | 0w brvmn e o T Lo Do |
by David A. Walf (BSEE 78) L Wl
T e o [ncedy g Bifmicd la in I Luey
L L |
A
S v i
Scanned Document Synthetic Document

PURDUE



Binary Mask of Scanned Test Image*
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Comparison of RDQOS, DjVu,
SPHIT, and JPEG*

Brown FoxIs Playi

Original

RS, 0101 ]1];]1
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Brown Fox Is Playi
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JPEG. 0,184 ]Z-]]]:-

*with Guotong Feng and Hui Cheng
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Comparison of RDQOS, DjVu,
and SPHIT*
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*with Guotong Feng and Hui Cheng PURDUE




Higher level means more semantic:
haze removal In outdoor scenes*

riginal

*Maria Groszek, Jan Allebach and Zygmunt Pizlo, EI 2005 PURDUE




Generate edge map, then find connected
components in sky and ground
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Contrast enhancement steps

Contrast enhancement
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Contrast enhancement example

iinal Contrast Enhanced
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GCP-4: Eliminate the Professional
Image Analyst

e Computer aided diagnostics (CAD):
+ Human radiologist have at least 15% false negatives in reading mamograms
¢ Cost of human radiologist is very high
+ Legal liabilities for human interpretation are high
+ It is difficult for humans to be consistent in this type of repetitive task

e Other venues for Professional Image Analysts
+ Remote sensing data
+ Surveillance

e Advantages of automated analysis
+ Advantage with high dimensional/high dynamic range data
+ Eliminates human fatigue
* Less subjective
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Normal Mammograms*

Mediolateral oblique (MLO) Craniocaudal (CC)
*courtesy of Edward Delp PURDUE



Three Major Breast Cancers*

Micro- Circumscribed Spiculated
calcification Mass Lesion

* courtesy of Edward Delp PURDUE



Full-field Normal Analysis -

Spiculation*®
(@) (c) (d) (€)
Original | - Ground Visualization Binary
Mammo Truth Of 5 Labels Result

* courtesy of Edward Delp PURDUE



GCP-5: Extraction of Image Pedigree

e Where did the image come from?
e \What sensor acquired the image?
e \What device rendered the image?

e Have their been any modifications to the image?
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LUS:

GORE GIRLS!

Ll

*courtesy of Edward Delp PURDUE




Why Is Watermarking Important?*

* courtesy of Edward Delp PURDUE



Why Watermarking is Important?*

* courtesy of Edward Delp PURDUE



Why Is Watermarking Important?*

L The Amazing

" Gambling

With
Fertility \W
Drugs

| "McCaughey "‘ﬁ ' ,_
.| Septuplets ‘\‘

" McCAUGHEY'S SEPTUPLETS ~ +

- THE BRAVE NEW SCIENCE
= OF MAKING BABIES

* courtesy of Edward Delp PURDUE



GCP-6: Tools for Managing the
Information Explosion

e Personal Media
+ Digital photos
+ Video content

e Public media

+* Movies
¢ Audio

PURDUE



Browsing with a Similarity Pyramid*

e Organize database in pyramid structure
e Top level of pyramid represents global variations
e Bottom level of pyramid represents individual images

e Spatial arrangement makes most similar documents neighbors

e Example using images:

*with Jau-Y uen Chen and John Dalton PURDUE



Browser Interface*

Mode Browse —4

Semantic Class

Wedding
Save |
Add | Remove |

o |

. Left | Zoom |Right|

Downl

Full | EXIT

Database Size :
40000

corel/337/337031.PCD

*with Jau-Y uen Chen and John Dalton

Similarity Pyramid Control Panel Relevance Set
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GCP-7: Documents that Write
Themselves

e Slurping up information from the web
+ Written content
+ Images/video/graphics
+ Organization

e Document creation

¢+ Computer automated versus computer assisted

¢+ Composition versus copying

PURDUE



HDD Construction: A Region Merging
Example*
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*with Ilya Pollak and Jan Allebach PURDUE




Document Image and Corresponding

*

Turfgrass Disease Profiles

snaw cover excoads 90 days. For
taller mown turl, some less con-
SpICUBUS SYMPIOMS May Oeeur
after 40 days of snow cover.

Disease Control Options
Cullural Contral Dations
Aroas of turf killd by gray snow
mold infection may be repalred by
ovar-sagding 45 5000 45 possible in
thw spring. Unfortunately, cool
Sea50N WrTGrass species appiar to
b unifarmly suscaptible to gray
anow mold, 50 usa of resistant
varlelies is nol an aplion al this
time. Cultural practices that limit
symptam sxpression and lessen the
likelihood of poor quality turf during
the grean-up periad in spring
Inwahie mowing and snow manage-
ment. Continued mawing of lawns,
landscapes, sports fialds, and golf
eourge roughs to 3 haight of 2 1/2°
il the durmant period will de-
crease the risk that matted et will
provide favorable environmental
conditions faf disaasa developmant
Snaw managemant (sratagic snow
fomoval and use of snow lences)
will limit the opportunities far
extanded periods of snow cover In
Tocations where quality turl is a high
priarity. Figure & shows snaw mold
damage to turlgrass adjacent to a
sicdowalk where show was pllad for
more than 120 days

Coniral with Funpicides
Contact, local systemic, and
sysemic fungicides are avallable for
gray enow mold contral, Sincs
Snow cover (s essantial for infection
and dissase dovelopment, it is

Tree

Gray Snsw Mald Br101-W

protected with etfective funpicides
{Fig. § right). In cantral Indiana,
most goll courss suprintandants
apply & contact furgicide betwaen
Thanksglving and the Christ
holldays. Frequently used contact
tungicides are chiarothalonil
(Daconil®) and PCHE (Turfeida
400%). Creeping benigrass treated
with PCNB must be dormant {or
approaching dormancy ) at tha tima
of application because the fungicide
is 1oxic to activily growing
hanigrass at rates sMactiva 1T snow
muld contral, In sume cases
eapacially if the duration of anew
cover was greater than normal,
suparintendents wil apply fungl-
chides again during a lake winter
thiw of wery early in the spring,

This application can be made with
an effective systamig funglcide if
grass is baginning to grow. Other
wise, contact or local systemic

ang preferred. Thi lite
winter/early spring application will
hilp turt recovar soonar and will
offer protaction against e deval-
opment of pink Snow mold

Gray Snow Mold Control
lor Lawns

Fungicidas ara not racommended
for use against gray snow mald an
home lawns. Lesting damage can be
aviolded by caraful attention to
cultural conirol optigns. Also, In
almost all cases, atfectod turf will
raeovar in spring with moderate
lovais of maintenance. Guitural
conirel options Include appropriate
igveng until the lurl anlers dor-

impartant to have pratestion in place priar to the mancy in e fall and avoiding the accumulation of
initial sriow fall, Under conditions favorable for gray snaw In plles along driveways and sidewalks, Recay-
sndw mold development, unprotecled turf can sullir wry of turf from atfocted patchos may be hastened by 684
damsage (Fig. & center), compared 1o turl raking the mattad turfgrass, which taciliiaies air
mavament within the wrf canopy.

*with llya Pollak and Jan Allebach
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Matching Experiment 1

I-'l'cn-lqmss Disease Profiles
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Looking for the “Other Axis”*

e What is really important is often not what we are focused on.

e Music
+ We thought it was audio fidelity

+ |t was ease of use, style, fun

e |Images
+ We think it is quality

¢ It might be ???

* quoted from Reiner Eschbach PURDUE



(My first cut at)

The Grand Challenge Problems
of Digital Imaging

GCP-1) Inversion of Complex Physical Systems

GCP-2) Automated Extraction of Perceptual Organization

GCP-3) High Level Interpretation for Image Processing and Render
GCP-4) Eliminate the Professional Image Analyst

GCP-5) Extraction of Image Pedigree

GCP-6) Tools for Managing the Information Explosion

GCP-7) Documents that Write Themselves

Important questions:

+ Are there others that should be added to the list?
+ What, if anything, should we do with this information?
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