
Imaging Informatics 



Background 

•  Knowledge in pictures 

•  Digital technologies 
-  Fast computers 
-  Higher resolution displays 
-  High density storage media   
-  Ubiquitous high speed networks 

• Pictures may be as practical as text 



Types of Images 

• Black and white picture 
– X-ray 

• Color picture 
– Pathology 

• Motion 
– Angiogram 
– Sonogram 

• 3-dimensional 
– Hologram 



Uses of Imaging 

• Specialties: 
– Radiology 
– Pathology 
– Dermatology 
– Neurology 
– Ophthalmology 
– Cardiology 
– Surgery 

• Cross-specialty 
– Telemedicine 
– Multi-media 

medical records 
– Multi-media 

publication 



The making of a digital image 

• Bit map 
– a 2-dimensional array of numbers through which 

a digital image is encoded (digitized) and 
decoded (visualized) 

• Pixel 
– a single numeric element in a bit map which 

describes the visual magnitude of that point in 
the picture 

• Voxel 
– a single numeric element in a 3-dimensional 

array of numbers representing a volume 



All pixels are not the same 
• 8 bit (hundreds of colors) 

– magnitude of grayness from black (0) 
to white (28 = 256) 

– magnitude of color composition (3 bits 
 [23 = 8] red, 3 bits [23 = 8] green, 2 bits 

[22 = 4] blue) from black (0) to white 
(8x8x4 = 28 = 256) 

• 24 bit (millions of colors) 
– magnitude of color composition (8 bits 

[28=256] each for red, green, blue) 
from black (0) to white 

 (256x256x256 = 224 = 16,777,216) 



Image resolution 

• Spatial 
– how much area does each pixel represent 

• Contrast 
– minimum intensity difference 

• Color 
– minimum color difference 

• Temporal 
– minimum time between sequential images 
– maximum time to capture a single image 



Image dimensionality 

• Space (3D) 
– XYZ:  left-right, up-down, in-out 

• Time (1D) 
– T:  relative time 

• Color (3D) 
– RGB:  red, green, blue 
– YUV:  luminance, hue, saturation 
– YCrCb:  mathematical variation of YUV 



A Picture is Worth 
a Thousand Words 

•  Classic DOS Text:   
–  80 characters on 25 lines (courier 12) 
–  2,000 characters 
     (1 character = 8 bits) 
–  16,000 bits 

 
•  Full Color Images: 

–  1024 dots by 768 dots 
–  786,432 dots (pixels) ~ .75 megapixel 
      (1 dot = 24 bits, i.e., millions of colors) 
–  ~18,800,000 bits 



The NLM Board of Regents 
Recommended That the NLM 

Should: 
“ . . . thoroughly and 
systematically 
investigate the 
technical requirements 
for and feasibility of 
instituting a biomedical 
images library.” 

1986 Long Range Plan 



“The NLM should undertake a first 
project, building a digital image 
library of volumetric data 
representing a complete normal 
adult human male and female.  
This Visible Human Project would 
include digitized photographic 
images from cryosectioning, digital 
images derived from computerized 
tomography, and digital magnetic 
resonance images of cadavers.” 

1989 Board of Regents  
Planning Panel on Electronic Imaging 



Habeas Corpus 
 
Seeking subjects to be 
a digital Adam and Eve 

Scientific American 
January, 1993 



Discover Magazine 

October 1993 

Rest In Pieces 

“The hardest part, the researchers 
knew, would be finding just the right 
ex-people for the two job openings.” 

“At the NIH, organ donors meet organ grinders” 







CT Cryosection 

MRI - Proton Density MRI - T1 MRI - T2 











Male: 1.00mm data Female: 0.33mm data 



http://www.nlm.nih.gov/research/visible/visible_human.html 



Cross 
Sectional Bit 
Maps 

3 Dimensional 
Objects 



Segmentation & Registration Tool Kit 
- ITK - 

• Open Source 
• Image Segmentation 

– multivalued 
(multimodal) data 

• Image Registration 
– rigid and deformable 

registration 

http://www.itk.org 



Image Segmentation 
The process of dividing images up into subsets that correspond to surfaces or objects 

Manual Segmentation:  

Pro:  Often most accurate method available 

Con:  Labor-intensive and time-consuming; requires subject expertise; 
 high intra and inter-observer variability 

Automated 

By Hand 





Image Registration 

Rigid Transformation 

Scaling         Shearing 
Transformation 

Projective Transformation 

Curved Transformation 

The process required to bring images into spatial alignment. 

Original 



Projective Transformation 

Curved Transformation Rigid Transformation 

Shearing Transformation 

Original 

Image Registration 



Visible Human Segmentation and 
Registration Using ITK 



The only way to predict the future   
is to invent it. 
 Lister Hill Center – National Library of Medicine 

www.nlm.nih.gov 
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