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Background
• Closely-Spaced Infrared Small Targets(CSIST)：Signal aliasing in high-density clusters of distant targets 

(drones/missiles) impedes accurate target counting, sub-pixel localization, and radiometric analysis.
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(b) Infrared Imaging of Closely-Spaced Targets(a) Fixed-Wing Swarm UAV Platform

https://grokcv.ai/author/shengdong-han/


Background—CSIST Unmixing
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CSIST Imaging
• The diffraction effect of an optical system causes the energy of a point target to 

spread over several adjacent pixels. This phenomenon is typically described by a two-
dimensional Gaussian Point Spread Function (PSF).
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CSIST Imaging
• The linear superposition of individual PSFs, which occurs when multiple targets are closely 

spaced, constitutes the foundational principle for unmixing. The process aims to decompose 
this composite detector response back into its individual target components.
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Key Challenge: Sub-1R Spacing

Severe aliasing below the sensor's resolution limit 

impedes target counting and precise localization.

𝑆 : Target radiation intensity vector，
𝑛 : Gaussian white noise.

The image Z formed by N targets in a U×V 

image plane is:

𝑍 = 𝐺𝑆 + 𝑛
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Relate work
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🔧 Traditional Optimization Methods

🎛️ High reliance on 

hyperparameter tuning.
📍 Poor generalization to 

varying target scenes.

1

General Image SR:

Enhances image 
clarity by recovering 
high-frequency 
details, mapping a 
low-resolution 
image to a high-
resolution one.

CSIST Unmixing

Decouples and 

accurately estimates 

the number, locations, 

and intensities of 

overlapping targets, 

2

Key Missing Elements

⚫🗂Benchmark Datasets

⚫📊Customized Evaluation Metrics

⚫🛠Open-Source Toolkits

Lack of an open ecosystemDivergence in task objectives

🎯深度学习应用的挑战

Ecosystem

(1) CSIST-100K: Public 

Benchmark Dataset

(2) CSO-mAP: Dedicated 

Metric for Sub-Pixel Detection 

(3) GrokCSO: Open-Source 

Toolkit
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CSIST-100K

• Based on the optical diffraction effect and the Rayleigh criterion, our simulation 
generated 100,000 images with annotations, comprising the CSIST-100K 
dataset.
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Parameter Value/Range

Imaging Size 11 × 11 pixels

𝜎𝑃𝑆𝐹 0.5 pixel

Targets per Image 1-5 (random)

Intensity Range 220-250 units

Spatial

Constraints

Sub-pixel coordinates within a pixel 

+ 0.52 R separation

https://grokcv.ai/author/shengdong-han/


CSO-mAP
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Ground-Truth Center

Predicted Center

𝛿𝑘

𝛿𝑘

δ𝑘 ∈ {0.05, 0.1, 0.15, 0.2, 0.25}

Similarity ∝ 1 / (Prediction-GT Distance)

Fraction of correct positives among all predicted positives.

Fraction of correct positives retrieved from all ground truth positives.

Area under the Precision-Recall curve across all thresholds. -

A correct positive prediction.

A correct negative prediction.

An incorrect positive prediction.

An incorrect negative prediction. Undetected Targets

Metric

Metric

Definition Criterion

Definition Formula
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Sparse Reconstruction

• Transform CSIST Unmixing to Sparse Recovery by Sub-Pixel Partitioning
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Ω = }{ 𝑥𝑙 , 𝑦𝑙 𝑙=1,⋯,𝐿

Sub-pixel division
Measurement model:

= D

= 2D/2n
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ISTA−Net 1
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Sparse Representation Optimization: From 
Convex Optimization to Deep Unfolding
https://www.bilibili.com/video/BV1TV411X7ws/

Step（1）

Step（2）

Step（2）solved by:

Replace     with a trainable non-linear transform ℱ ⋅

Alternating steps: 

Zhang J, Ghanem B. ISTA-Net: Interpretable optimization-inspired deep network for image compressive sensing[C]//CVPR 2018: 1828-1837.

Theorem 1

https://grokcv.ai/author/shengdong-han/


DISTA-Net

Shengdong Han | GrokCV Group DISTA-Net: Dynamic Closely-Spaced Infrared Small Target Unmixing 12

DISTA-Net introduces a dynamic mechanism via two key improvements:

Dynamic Transformation Module uses a dual-branch design with dynamic kernels for adaptive feature adjustment, enhancing 

representational power;

Dynamic Thresholding Module leverages dual convolutional layers to capture multi-scale features, improving robustness against sparse 

vector perturbations in reconstruction.
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Experiment
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Visualization
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Summary
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