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• Remember pixels are numbers, so MATH can be used for 
computer processing of images

What	is	a	digital	image?



Finding	“stuff”	in	images	…
If   Pixel (X1, Y1) > 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 Image Processing
Image In  →	Image	Out

Feature Extraction
Image In  →	Features		Out

Xray

Image Classification
Image In  →	Label		Out



Image	retrieval
�Goal
� To find the images you 

need

�Why?
� Images are powerful 
� Images are prevalent
� Often need to search  

images



Image	retrieval

�Google Images
� https://www.google.com/imghp



Image	retrieval	(text-based)



Image	retrieval
Query	Image



Image	retrieval

�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



Text-based	image	retrieval
� Strengths
� Good contextual relevance
� Fast

�Weaknesses
� Requires pre-annotated images

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

� Limited to text annotations (not text on image)



Text-based	image	retrieval	system



Content-based	 image	retrieval
�Visual feature match

� Aim to find images that look similar 
� Images are represented by feature vectors 

extracted from the images themselves
� Different types of visual features

� Color, Edges, Texture, Shape, Size, Location



Images are matrices Image Processing
Image In  →	Image	Out

Feature Extraction
Image In  →	Features		Out

Xray

Image Classification
Image In  →	Label		Out



Content-based	 image	retrieval
�Feature extraction

Color histogram: describes the color distribution of the image



Content-based	 image	retrieval
�Feature extraction

Texture
� Determine visual appearance but is difficult to be described by text
� Similar structures being repeated 
� Often has some degree of randomness



Content-based	 image	retrieval

Ocular fundus of the left eye of a 
German White Fleckvieh

Video capsule endoscopy image 
showing a bulge falsely interpreted as 
submucosal mass

� Strengths
� Find “look alikes”

� Weaknesses
� Semantic gap: visually similarity does not mean being semantically 

close



Content-based	image	retrieval	System



Extract	Visual	Patches	(64	pixels	x	64	pixels)



Searching	using	the	codebook
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Multimodal	 image	retrieval
�Combination of above two approaches
� Represent images by related text and content-

based feature vectors
� Combine text-based and content-based 

relevance (e.g., with re-ranking or filtering)



Multimodal	 image	retrieval
� Strengths

� Semantic retrieval with visual similarity

�Challenges
� Difficult to meaningfully combine features



Image	and	text	queries
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Open−i𝐒𝐌

https://openi.nlm.nih.gov



• A biomedical image search engine
• Provide Open-Access to biomedical 

literature
� ~3.2M images and ~1M biomedical articles from 

NLM’s PubMed Central®

� ~4000 chest x-ray studies and radiology reports 
from Indiana University School of Medicine

� 1591 illustrations from Orthopedic Surgical 
Anatomy Teaching Collection from University of 
Southern California, Norris Medical Library

http://openi.nlm.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

http://openi.nlm.nih.gov



• ~ 10,000 unique visitors daily
• Hits (including bots): ~ 700,000
• Top Countries: USA (32%), UK (7%), India (6%), Germany 

(5%), S. Korea(4%)



Text Query

Image Query
Filters:
• Image Type
• Subset
• Specialties

Information on 
Hover

Detail on Click

http://openi.nlm.nih.gov



Switch Views API for Web 
services

http://openi.nlm.nih.gov



Enriched	Citation

Figure 
mention in 
article full 
text

Article 
“Bottom Line”

http://openi.nlm.nih.gov



Image Query

tuberculosis

http://openi.nlm.nih.gov



TEXT PROCESSING

IMAGE PROCESSING

IMAGE AND 
TEXT 

ACQUISITION

Links to 
Health Topics

MEDLINE®
citations

Articles & 
images

BIBLIOGRAPHIC AND 
META-INFORMATION 

EXTRACTION

IMAGE TYPE 
DETECTION 

CAPTION AND 
MENTION 

EXTRACTION

UMLS TERMS 
EXTRACTION 

IMAGE FEATURE 
EXTRACTION 

ENRICHED CITATION



Image	Pre-processing	 in	Open-i
1. Image modality classification
2. Multi-panel figure separation
3. Image marker extraction



1.	Image	modality	classification
• Aim?
� Automatically separate images into different types



1.	Image	modality	classification
• Why?
� To limit the search space
� To make retrieval more 

effective and the retrieved 
images more relevant to a 
query



1.	Image	modality	classification
• How?
� Hierarchical classification
� Feature extraction
� Supervised learning

Modality	Classification

Regular	Figures Graphics

MRI	 CT	 PET … Photographs	

Dermatology/Skin Endoscopy



2.	Multi-panel	figure	separation
• Aim?
� Automatically split a multi-panel figure into 

individual subfigure panels



2.	Multi-panel	figure	separation
• Why?
� To improve image modality classification
� Such compound figures are very common in the 

dataset



2.	Multi-panel	figure	separation
• How?
� Three major steps: image panel segmentation, 

label extraction, and sub-caption extraction

(A) Endoscopy reveals a protruding tumor with a central 
ulceration at the great curvature extending from the low 
body to antrum of the stomach. (B) Abdominal CT shows 
multiple hepatic tumors in the bilateral lobes of the liver 
and wall thickening in the stomach. (C) Endoscopy reveals 
complete remission of the gastric tumor after 
chemotherapy. (D) Abdominal CT shows the recurrence of 
the liver metastases with tumor rupture.

A             B               C               D
(A) Endoscopy reveals a protruding tumor with a central 

ulceration at the great curvature extending from the low 
body to antrum of the stomach. 

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

(C) Endoscopy reveals complete remission of the gastric tumor 
after chemotherapy. 

(D) Abdominal CT shows the recurrence of the liver metastases 
with tumor rupture.
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3.	Image	marker	extraction
• Aim?
� To automatically extract markers such as 

arrows in the figures



3.	Image	marker	extraction
• Why?
� The author annotated regions are often 

correlated with relevant text in figure captions



3.	Image	marker	extraction
• How?
� Segmentation of the regions of the pointers
� Recognition of the shapes of the pointers



Conclusion
� Big data
� Multimodal image retrieval
� Medicine



One	learns	by	asking	questions	…



Thanks!	Questions?


