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• Types of segmentation models
• Semantic, instance, panoptic

• Major segmentation architectures
• CNN, U-net

• Transformer-based

• VLM-based

• Hybrid

• Segmentation foundational model (input-wise)
• SAM

• Medical imaging-specific architectures
• MedSAM, Instruction-tuned segmentation models

• Custom architectures

Segmentation models 







1. Feature extraction (Encoder)
Edges, shapes, organs

2. Upsampling/decoding 
transposed convolutions or 
interpolations

3. 1x1 convolution 
4. Pixel-wise classification





>48,000 citations





Detection transformer



134224 citations!









Design choices for encoders and decoders 
for segmentation



Combinations of encoder and decoders









The labels should be known at 
inference time























SAM-2 and SAM-3

SAM-3 can take text prompts



• Automatic class-agnostic object 
segmentation
• SAM in automatic mask generation

• No recognition of objects though

• Fully automatic semantic 
segmentation
• output pixel-wise class labels 

automatically (e.g. Mask2Former, 
DeepLabV3)

• Open vocabulary automatic 
segmentation
• Automatically segment and label 

arbitrary objects without prompts. – an 
open research problem (still needs to 
know the vocabulary even if not seen an 
object)

State of segmentation











Geo-Unet(MLMI’24)
Clinical-grade lumen segmentation in intravascular ultrasound

• Polar space input representation
• Anatomically constrained self-informing 

network 
• standard pixel-level segmentation 
• single lumen contour prediction

Contour estimation

segmentation

smoothness of contour

Boundary mismatch in segmentation space 









Cross-convlayer

Cross-convlayer

• Convolves the query 

with each support 

• Reduces them 

together to 

incorporate 

information about 

what to segment 

based on the support 

labels

• The result is updated 

representations for 

both query and 

support







Segmentation models
Model / Framework Type Strength

SAM 3 General Vision Foundation Model
Open-vocabulary & multi-instance 

segmentation (images + video)

SAM 2 Vision Foundation Model
Interactive prompt + video temporal 

consistency

SAM 1 Vision Foundation Model Zero-shot general segmentation

ENSAM Medical/3D segmentation variant
Efficient 3D segmentation under limited 

data

SAMPO Enhanced prompt adaptation research Intent-aware segmentation

TopoLoRA-SAM Adaptation framework Efficient fine-tuning for specific tasks

SAM2-UNeXT High-resolution foundation adaptation Stronger features across domains
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