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* Remember pixels are numbers, so MATH can be used for
computer processing of images
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Finding “stuff” in images ...

If Pixel (X,,Y,) > Pixel (X2, Y2) then it “might” be an edge

Objects have edges, or boundaries, so if we can find an edge, we could
find the object



Images are matrices mage Processin
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Feature Extraction Image Classification

Image In -> Features Out Image In - Label Out
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Image retrieval
Goal

e To find the images you
need

Why?
iS Worth chocolate-chip mint ice

e Images are powerful i B St

Ny inkles, waffl
< 3 :pﬂﬂ T3, W < sugar
I & a—
e cone, sweel, w cnderful,

e Images are prevalent % ot

Q Picture

Creamy, delicious, Yurmeny,
fud@e ice cream, smooth,

toppings, chocolate
sprinkes, comforting, 1
good, fun, dhpping, terrific, [

e Often need to search
images Q thousand words.
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Image retrieval

How o

-

What if there was no google?

* Google Images
N €N
e https://www.google.com/imghp Good question. v

Google it.
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Image retrieval (text-based)
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Image retrieval |
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Image retrieval
How v

* Text-based image retrieval

* Content-based image retrieval



Text-based image retrieval
» Keywords (or concepts) match

Represent images by related text

Images need to be pre-annotated

Text saved in pre-determined metadata regions
Searching for images is reduced to text search

<specialty>pulmonary diseases</specialty>
<subset>CXR</subset>
<MedlineCitation Status="supplied by publisher"
Owner="Indiana Unive "

- <Article PubModel="Electronic">

- <Journal>
- <Journallssue>
- <PubDate>
<Year>2013</Year>
<Month>08</Month>
<Day>01</Day>
</PubDate>
</Journallssue>
</Journal>
<ArticleTitle>Indiana University Chest X-ray
Collection</ArticleTitle>
- <Abstract>
<AbstractText
Label="COMPARISON" >None. </AbstractText>
<AbstractText Label="INDICATION">Positive TB
test</AbstractText>
<AbstractText Label="FINDINGS'>The cardiac
silhouette and mediastinum size are within
normal limits. There is no pulmonary edema.
There is no focal consolidation. There are no
XXXX of a pleural effusion. There is no
evidence of pneumothorax.</AbstractText>
<AbstractText Label="IMPRESSION">Normal chest
X-XXXX.</AbstractText>
</Abstract>
<Affiliation>Indiana University</Affiliation>
- <AuthorList CompleteYN="Y">
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Text-based image retrieval
Strengths

e Good contextual relevance
e Fast

Weaknesses

e Requires pre-annotated images

«  May require manual work and sometimes it is impractical
« Not everything can be well expressed with words

e Limited to text annotations (not text on image)



Text-based image retrieval system

& NCBI  Resources @ How To & Signin to NCBI
PMC ~ |congenital heart defect| \
ﬁiu'ii‘!.’.";l'#ﬁ:l“{,f ;:mm Save search Journal List Limits Advanced Help
Display Settings: (¥] Summary, 20 per page, Sorted by Default order Sendto: (V] Filter your results:
All (39602)
Results: 1 to 20 of 39602 Page 1 0f1981 Next> Last>> Riiki ararie fitig6d
[[] Rare Variants in NR2F2 Cause Congenital Heart Defects in Humans Manage Filters

1. saeed Al Turki, Ashok K. Manickaraj, Catherine L. Mercer, Sebastian S. Gerety, Marc-Phillip Hitz, Sarah Lindsay, Lisa C.A.
D’Alessandro, G. Jawahar Swaminathan, Jamie Bentham, Anne-Karin Arndt, Jacoba Low, Jeroen Breckpot, Marc Gewillig, Bernard
Thienpont, Hashim Abdul-Khaliq, Christine Harnack, Kirstin Hoff, Hans-Heiner Kramer, Stephan Schubert, Reiner Siebert, Okan
Toka, Catherine Cosgrove, Hugh Watkins, Anneke M. Lucassen, Ita M. O’'Kelly, Anthony P. Salmon, Frances A. Bu'Lock, Javier
Granados-Riveron, Kerry Setchfield, Chris Thornborough, J. David Brook, Barbara Mulder, Sabine Klaassen, Shoumo
Bhattacharya, Koen Devriendt, David F. FitzPatrick, UK10K Consortium, David |. Wilson, Seema Mital, Matthew E. Hurles ;
Am J Hum Genet. 2014 April 3; 94(4): 574-585. doi: 10.1016/j.ajhg.2014.03.007 i
Correction in: Am J Hum Genet. 2014 July 3; 95(1): 126. '
PMCID: PMC3980509
Article PubReader PDF-2.4M Citation

-

PMC Images search for congenital
heart defect

[[1  Maternal obesity and congenital heart defects: a population-based study

James L Mills, James Troendle, Mary R Conley, Tonia Carter, Charlotte M Druschel
Am J Clin Nutr. 2010 June; 91(6): 1543-1549. Published online 2010 April 7. doi: 10.3945/ajcn.2009.28865
PMCID: PMC2869507

Article PubReader PDF-79K Citation

N

See more (78)...

[T Mice Carrying a Hypomorphic Evi1 Allele Are Embryonic Viable but Exhibit Severe Congenital Heart Defects :
Emilie A. Bard-Chapeau, Dorota Szumska, Bindya Jacob, Belinda Q. L. Chua, Gouri C. Chatterjee, Yi Zhang, Jerrold M. Ward, Find related data &
Fatma Urun, Emi Kinameri, Stéphane D. Vincent, Sayadi Ahmed, Shoumo Bhattacharya, Motomi Osato, Archibald S. Perkins, Database: Select
Adrian W. Moore, Nancy A. Jenkins, Neal G. Copeland

PLoS One. 2014; 9(2): €89397. Published online 2014 February 27. doi: 10.1371/journal.pone.0089397

PMCID: PMC3937339

Article PubReader PDF-6.2M Citation

@

" ; i : Search details &
[[1 Observed Prevalence of Congenital Heart Defects From a Surveillance Study in China = iE
4. vali Zhang, Tiffany Riehle-Colarusso, Adolfo Correa, Song Li, Xinheng Feng, Jacqueline Gindler, Hui Lin, Catherine Webb, Wei Li, coi;;ﬁi;ﬁ;:gﬁ Terms] OR ‘;
Jean Trines, Robert J. Berry, Lorraine Yeung, Ying Luo, Meifang Jiang, Hua Chen, Xiamei Sun, Zhu Li ("heart” [A11 Fields] AND =
J Ultrasound Med. Author manuscript; available in PMC 2015 June 17. "defects" [All Fields] AND

AN LAl £ 4 M A Eo AN k5.4 AA44 L AAITL AAA AAF "conagenital™[All Fieldsl) OR ¥
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Content-based image retrieval

Visual feature match
e Aim to find images that look similar

e Images are represented by feature vectors
extracted from the images themselves

e Different types of visual features

» Color, Edges, Texture, Shape, Size, Location



Images are matrices mage Processin
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Feature Extraction Image Classification

Image In -> Features Out Image In - Label Out

W Xray
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Content-based image retrieval

* Feature extraction

Color histogram: describes the color distribution of the image
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Content-based image retrieval

* Feature extraction

Texture
e Determine visual appearance but is difficult to be described by text

e Similar structures being repeated

Often has some degree of randomness
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Content-based image retrieval
* Strengths

e Find “look alikes”

* Weaknesses

e Semantic gap: visually similarity does not mean being semantically
close

Video capsule endoscopy image Ocular fundus of the left eye of a

showing a bulge falsely interpreted as  German White Fleckvieh
submucosal mass
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Extract Visual Patches (64 pixels x 64 pixels)
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Searching using the codebook
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in-vivo skin endoscopy mouth

dark bright

photo
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in-vivo skin endoscopy mouth
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Multimodal image retrieval

Combination of above two approaches

 Represent images by related text and content-
based feature vectors

e (Combine text-based and content-based
relevance (e.g., with re-ranking or filtering)
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Multimodal image retrieval
Strengths

e Semantic retrieval with visual similarity
Challenges

e Difficult to meaningfully combine features
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Image and text queries

T i1

CEDD [7.0,0.0, 1.0, .......] fOpok72
FCTH [7.0,7.0,00, .....] F1p0k1893
EdgeHistogram [5.0, 6.0, 2.0, 5.0, ] I Get represenﬁng cluster sz°k84
ColorLayout [60.0, 17.0, 16.0, ......] F3p0k1134
SemanticContext30 (0.0, 0.0, 1.0, ......] fap0k110
***** OPEN® Q ?

Query Image

( FOpOk72 OR
F1p0k1893 OR
F2p0k84 OR

F3p0k1134 OR
f4p0k110) Essie

AND

Torn Ligament

Image cluster words
and
Query text
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http:/openi.nim.nih.gov

A biomedical image search engine

: . . G
Provide Open-Access to biomedical a,@s@
\,

literature Q%

e ~3.2M images and ~1M biomedical articles from
NLM’s PubMed Central

e ~4000 chestx-ray studies and radiologyreports
from Indiana University School of Medicine

e 1501 illustrations from Orthopedic Surgical
AnatomyTeaching Collection from University of
Southern California, Norris Medical Library
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http:/openi.nim.nih.gov

Direct access to relevant figures from an
image and literature database

Unique ability to index image content in

addition to text
Integrates R&D from text processing,

image processing and information
retrieval programs at NLM
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~ 10,000 unique visitors daily
Hits (including bots): ~ 700,000

Top Countries: USA (32%), UK (7%), India (6%), Germany
(5%), S. Korea(4%)
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CT Scan j Prostatic adenocarcinoma metastatic to pleomorphic liposarcoma, a
* Image Type "collision phenomenon”: report of a case with review of pelvic

Graphics « Subset collision tumors.
- - Roy S, Hrebinko RL, Cleply KM, P: I AV, Rao UN Palholog Res Int (2011) S jons
MRI - Specialties e o i

. Bottom Line:Pathological examination revealed a large liposarcoma with Remove Image
Microscopy prostatic carcinoma embedded in it Immunohistochemistry and florescence

' ; in situ hybridization studies were performed to reach to a conclusive § Browse... = No file selected.
PET diagnosis.To the best of our knowledge, this is the second case reported till i <
= date.

Photographs : . fig1 : Sarcomatoid urothelial carcinoma. Tumor comprised of sheets of
epithelioid and plump spindle cells which are highly pleomorphic with
Ultrasound T 2 . o nuclear hyperchromasia. There is prominent stromal inflammatory res
¥ Ryt 5 1o the invading tumor with destruction of the bladder wall. (Hemato;
Video v <A E ¥ eosin, original magnification x100).
b 72
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_ : Information on
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Mixed germ cell-sex cord-stromal tumor with a concurrent API for web

interstitial cell tumor in a ferret. Related in: Results Collection MediinePlus serVices
Inoue S, Yonemaru K, Yanai T, Sakai H - J. Vet. Med. Sci. (2014) View Article: PublMed Central PubMed
Histopathological findings of the tumor. The neoplasm consisted of diffuse Show All Figures - Show MeSH

proliferation of intimately admixed germ cell-like cells and Sertoli cell-like cells.

Interstitial...

Atypical primary meningioma in the nasal septum with malignant
transformation and distant metastasis Relatedin: ..
Baek BJ, Shin JM, Lee CK, Lee JH, Lee KH - BMC Cancer (2012) View Article: PubMed Central HTML PubMed
Histopathology of the recurred and metastatic tumours. (A) Atypical cells having Show All Figures - Show MeSH
round-to-oval nuclei, with prominent nucleoli and frequent mitoses in the nasal cavity
recurring...

Recurrent retroperitoneal Schwannomas displaying different

differentiation from primary tumor: case report and literature Related in: Results Collection MedlinePlus
review. View Article: PublMed Central HTML PubMed
Li ZQ, Wang HY, Li J, Teng L - World J Surg Oncol (2010) )

Images of HE staining showing the schwannoma undergoing malignant Show All Figures - Show MeSH

transformation. High-power view of the spindle cell component showing bland
cytologic features with a suggestion of palisading,...

Complete response to FOLFOX4 therapy in a patient with

advanced urothelial cancer: a case report. Related In: Results Collection MediinePlus
Seo YR, Kim SH, Kim HJ, Kim CK, Park SK, Koh ES, Hong DS - J Hematol Oncol (2010) View Article: PubMed Central HTML PubMed
A- Tho nohincahicoal fiimar of tho Lidnow le hinh Arado iirathalial carcinama

Results 1-10 0f 1167 : Page : 123456789 10



ASAAAAAL S LA AL ACR AR LA AR AL A A AL AR AR S A A AR SR LR A R AR R R T AR A R

http:/openi.nim.nih.gov

O Wt

( (- U a https://openi.nim.nih.gov/detailedresult.php?img=3420263_1471-2407-12-275-4&query=tumor&it=xg,xm&uniq=1&req=4&qimg=0.794594 EJ1 + | ¢ ‘ [ Q Search

¥ A B O 4O ® -

OPEN. tumor

- = oo
IE] Viewas = pp

API ?

limits:
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License Type  Specialtes  SearchIn
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Query By Image Recent Searches

Atypical primary meningioma in the nasal septum with malignant transformation and distant

metastasis.

Baek BJ, Shin JM, Lee CK, Lee JH, Lee KH - BMC Cancer (2012)

Bottom Line: The subcutaneous mass was resected and showed histological evidence of
malignant transformation.Several months after the last operation, the patient died.To our
knowledge, this is the first reported case of an atypical PEM originating from the nasal septum
that recurred with malignant transformation and extracranial metastasis.

View Article: PubMed Central - HTML - PubMed

Related In: Results - Collection

License Show All Figures
Affiliation: Department of Otolaryngology-Head and Neck Surgery, Soonchunhyang Unive - _ . _
Medicine Cheoran ospal 2420 Bongmyung Dong, Cheonan 330.721, Cungcrecnan) A ticle DT AT
aek@schmc.ac.kr 2 3
) (11 Bott om L i n e” recurring tumour. (B) The metastatic tumour had a higher mitotic index (up to 40
ABSTRACT s within 10 HPF) and Ki-67 labeling index (40%) than the primary tumour (%400,

o (C) Geographic tumoural necrosis and hemorrhage (x400, H&E).

Background: Primary extracranial meningiomas (PEMs) originating from the nasal septum are extremely rare,

as are extracranial metastases of meningiomas.

Case presentation: A 44-year-old male presented with a 2-month history of left-side nasal obstruction and
frequent episodes of epistaxis. A friable mass originating from the nasal septum was resected completely via
an endoscopic endonasal approach. According to WHO criteria, the tumor was diagnosed as an atypical
meningioma radiologically and histopathologically. Two years later, a tumor recurred at the primary site with the
same histopathological findings, and the patient was given local external radiotherapy (6840 cGy in 38
fractions). Two months after this local recurrence, a left anterior chest wall mass and a left parietal area scalp
mass were observed. The subcutaneous mass was resected and showed histolg== - -
transformation. Several months after the last operation, the patient died. F i g ure

Conclusions: We describe the clinical, radiological, and bio-pathological featu

Mentions: Two years later, the patient was readmitted to the Hematology and
Oncology Department of our hospital with recurrent severe epistaxis and general

weakness, which had developed over the previous month. He also described
breathing difficulties. Paranasal sinus CT showed recurrence of the left nasal cavity
tumor, with palate and maxilla region involvement. Histological investigation of this
second tumor showed morphological characteristics similar to the primary tumor
Figure 4A). Positron emission tomography/computed tomography (PET/CT) was
identify distant metastases. PET/CT showed no abnormal glucose metabolic
except in the nasal cavity and palate region. The patient received local
al radiotherapy (6840 cGy in 38 fractions) for local recurrence of meningioma.

review the literature on atypical PEMs originating in the nasal septum. To ourknd  FYR@ ntlo nin

case of an atypical PEM originating from the nasal septum that recurred with maj

extracranial metastasis.

Show MeSH
Related in: MedlinePlus

article full
text
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Image Pre-processing in Open-i

Image modality classification

Multi-panel figure separation

Image marker extraction
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1. Image modality classification

- Aim?

e Automaticallyseparate images into different types
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1. Image modality classification

* Why?
e To limit the search space | e
e To make retrieval more {w
effective and the retrieved { rer 5
| Pho

images more relevant toa
query

Exclude Graphics ,;
| Exclude Multipanel ¢ |
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1. Image modality classification

- How?

e Hierarchical classification

e Feature extraction

Modality Classification

e Supervised learning ./ -

Regular Figur

Graphics

//\\k

PET

Photographs

/\

Dermatology/Skin

Endoscopy
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2. Multi-panel figure separation

- Aim?
e Automatically split a multi-panel figure into
individual subfigure panels
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2. Multi-panel figure separation
* Why?

e To improve image modality classification

e Such compound figures are very common in the
dataset

|_Crybat™ ckO
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2. Multi-panel figure separation

- How?
e Three major steps: image panel segmentation,
label extraction, and sub-caption extraction

— B C D

(A) Endoscopy reveals a protruding tumor with a central

(A) Endoscopy reveals a protruding tumor with a central ulceration at the great curvature extending from the low
ulceration at the great curvature extending from the low body to antrum of the stomach.

body to antrum of the stomach. (B) Abdominal CT shows (B) Abdominal CT shows multiple hepatic tumors in the
multiple hepatic tumors in the bilateral lobes of the liver bilateral lobes of the liver and wall thickening in the

and wall thickening in the stomach. (C) Endoscopy reveals ‘ stomach.

complete remission of the gastric tumor after (C) Endoscopy reveals complete remission of the gastric tumor
chemotherapy. (D) Abdominal CT shows the recurrence of after chemotherapy.

the liver metastases with tumor rupture. (D) Abdominal CT shows the recurrence of the liver metastases

with tumor rupture.
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2. Multi-panel figure separation

- How?
e Three major steps: image panel segmentation,
label extraction, and sub-caption extraction

(A) Endoscopy reveals a pXotrudirig tumor with a centfal

(A) Endoscopy reveals a protruding tumor with a central ulceration at the great &rvatire extending from fhe low
ulceration at the great curvature extending from the low body to antrum of the stoxnackh.
body to antrum of the stomach. (B) Abdominal CT shows (B) Abdominal CT shows mulNple| hepatic tumors irj the

multiple hepatic tumors in the bilateral lobes of the liver bilateral lobes of the liver and vall thickening injthe

and wall thickening in the stomach. (C) Endoscopy reveals ‘ stomach.

complete remission of the gastric tumor after

chemotherapy. (D) Abdominal CT shows the recurrence of

the liver metastases with tumor rupture. (D) Abdominal CT shows the recurrence of the livel metastases
with tumor rupture.
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3. Image marker extraction

Aim?

e To automatically extract markers such as
arrows in the figures




3. Image marker extraction
* Why?

e The author annotated regions are often
correlated with relevant text in figure captions

MR imaging evaluation of the postoperative knee
McCauley, Thomas R. Radiology (2004).

Figure 7B: Cyclops IeS|on |n a 26-year-old man with decreased range_o
reconstructigp ighted SE (1800/80) MR arthrograms show cyclops IeS|on (arrow

anterior ta CL graft (arrowhead). ote that cyclops lesion has intermediate Sig
though it is 3“fiese -
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3. Image marker extraction

How?

* Segmentation of the regions of the pointers
e Recognition of the shapes of the pointers

N7 V=
NCCEBRN NG
AW VA

% EAES % %




Conclusion

* Big data
* Multimodal image retrieval
* Medicine
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"Knowledge is power.
Information is liberating.
Education is the premise
of progress, in every
society, in every family."

- Kofi Annan

One learns by asking questions ...



Thanks! Questions?




