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These methods struggle with morphological variability, structural inconsistency, and uncertainty, limiting their clinical utility.

(
A
)

(
B
)

(
C
)

(
D
)

 Macroscopic Correlation (MC)  Scale Variability Heatmap on 3VT-A  Scale Variability Heatmap on 4C-A

 Scale Variability Heatmap on EPV

St
at

is
tic

al
 V

al
id

at
io

n
In

st
an

ce
 V

al
id

at
io

n 1
×

2
×

4
×

0.
5×

Our Contribution

Problem & Motivation
 Problem & Motivation

Zoom Relation Encoder

Methodology:ZR-DETR

Anatomical structures in medical images exhibit sign-
ificant scale variability.
Current algorithms neglect zoom information and 
structural topological priors.
Models struggle with morphological variability, stru-
ctural inconsistency, and detection uncertainty.

Introduced Zoom Relation Encoder and Anatomical 
Relation Constraints for scale-aware structural priors.
Proposed a Gaussian Process probabilistic detecti-
on framework for uncertainty quantification.
Significantly outperformed baselines in single-domain 
and domain adaptation scenarios.

Experimental Results
Results on EPV datasetResults on FCS dataset

Computational Efficiency 

Code & data:   https://github.com/LiwenWang919/ZR-DETR
 Please contact pubin@hnu.edu.cn for further information.

Results on MM-WHS dataset

Figure 2: ZR-DETR integrates a Transformer-based encoder-decoder architecture, incorporating Zoom 
Embeddings to process multi-scale medical image features, Anatomical Relation Consistency Constraints 

to encode prior anatomical knowledge, and a Gaussian Process for uncertainty-aware detection.

Anatomical Relation Consistency Constraints

Probabilistic Detection with Gaussian Processes

Probabilistic Detection with Gaussian Processes quantifies 
predictive uncertainty by modeling each detection score as a 
Gaussian Process sample, using a composite kernel function 
that integrates visual features, zoom levels, and anatomical 
categories, thereby providing both predictive mean and variance.

Zoom Relation Matrix(Z)：

• Integrates zoom embeddings into attention

Scalar to high-dim vector：

• Capture relative organ scale relationships

Dual-branch decoder:

Incorporates prior topological knowledge, penalizing 
implausible predictions by comparing the spatial proximity 
between predicted bounding boxes with the prior expected 
spatial proximity estimated from training data

Figure 1: Motivation of our porposed ZR-DETR. 
The upper row illustrates the observed structural 
relation consistency and zoom patterns in our 
proposed ZR-DETR framework. The second row 
provides empirical validation through visualiza-
tions of Macroscopic Correlation (MC) across the 
employed datasets and category-wise scale 
variability heatmaps.


