
Image Analysis



Primer

In RNA-seq we turn reads into counts, then normalize, then do stats. What’s the 
imaging analogue?



Measurement model: What is an image

An image is a function of intensity    on a grid of pixels (2D) or voxels (3D)



Measurement model: What is an image



Color Spaces and Channels

Intensity can have multiple channels: RGB (3 channels), grayscale (1 channel)

Grayscale + colorized



Image Enhancement and Preprocessing 

● Images are Noisy
● Illumination is rarely uniform



















Image Segmentation

Partitioning a digital image into multiple segments





Adaptive/Local Thresholding

The threshold is mean of neighborhood

The threshold is the gaussian weighted 
sum of the neighborhood values



Edge-based Segmentation

● Find edges first, then find objects.
○ Idea: Object boundaries involve sharp changes in color or intensity.

How do we get           ?
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Edge-based Segmentation

Can also use second derivatives:



Intensity

Gradient (derivative)

Laplacian (second derivative)



Handling Noise

● Derivatives are very sensitive to noise -> apply a blur first



Region-based Segmentation

● Group similar pixels into regions starting from seeds (think paint-bucket tool).



Watershed Algorithm

Starting marker is distance from 
background



Graph-based segmentation

● Idea: treat pixels (or super pixels) as nodes. Define edges in local patches or 
across entire image.





Machine Learning































Non-max Suppression (NMS)



RCNN
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Semantic Segmentation



UNet - motivation

● Segmentation is harder than classification/detection (operates at different 

resolutions):

○ High-level context (what object is this pixel part of?)

○ Fine spatial detail (exact boundaries, small structures) 

Teddy bear

Book

VS



UNet

● Idea: compute feature maps at multiple resolutions (down-sampling). 
Combine them iteratively (up-sampling).

○ High resolution (local features) + low resolution (context)





Bottleneck of Traditional Methods

● Traditional models like (CNNs/U-Nets) require thousands of manually 
annotated biological images for every specific task

● Foundation models trained on massive unlabeled datasets can be adapted to 
downstream tasks





Segment Anything Model



Adapting SAM for biology

● Original model struggles with low-contrast, highly irregular biological 
structures

● MedSAM fine tunes the mask decoder on massive proprietary database of 
medical and microscopy images



Vision Language Models

● VLM bridge visual and text 
modalities by mapping 
images and task into a 
shared latent space

● The model understands 
what the image looks like as 
well as the meaning of 
words describing it





VQA in Bioimaging

● You can chat about your imaging data
● For example “Count the number of multi-nucleated cells”
● LLaVA-Med or specialized multimodal LLMs designed for biomedical 

reasoning




