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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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(a) Fixed-Wing Swarm UAV Platform (b) Infrared Imaging of Closely-Spaced Targets
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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-
dlmensmnal 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 |nd|V|duaI target components.
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S : Target radiation intensity vector,
n . Gaussian white noise.

Key Challenge: Sub-1R Spacing
Severe aliasing below the sensor's resolution limit
Impedes target counting and precise localization.
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Relate work

¢ Traditional Optimization Methods

@ High reliance on
hyperparameter tuning.
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CSIST Unmixing
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clarity by recovering accurately estimates

high-frequency
details, mapping a
low-resolution
image to a high-
resolution one.

the number, locations,
and intensities of
overlapping targets,

Q Poor generalization to
varying target scenes.
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Lack of an open ecosystem

W /plxel .

(1) CSIST-100K: Public

Key Missing Elements Benchmark Dataset
e [ Benchmark Datasets ]
e [u] Customized Evaluation Metrics (2) CSO-mAP: Dedicated

e & Open-Source Toolkits 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.

] Imaging Size 11 x 11 pixels
L OpsF 0.5 pixel
U . . . | Targets per Image 1-5 (random)

Intensity Range 220-250 units
Spatial Sub-pixel coordinates within a pixel

. . Constraints + 0.52 R separation
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CSO-mAP

Similarity o< 1/ (Prediction-GT Distance)

Metric Definition Criterion - .
7 RN
TP A correct positive prediction. distance < Oy, P MY
/ \
/ \
TN A correct negative prediction. - [/ "
\
FP An incorrect positive prediction. distance > @, |
|
FN An incorrect negative prediction. Undetected Targets ’ B SR h
/
\\ "
. e \ ’
Metric Definition Formula . /
N 7
A 7
Precision Fraction of correct positives among all predicted positives. TP/(TP+FP) 1 -
Recall Fraction of correct positives retrieved from all ground truth positives. TP/(TP+FN) ¢ Grou,n ST e
4 Predicted Center
AP Area under the Precision-Recall curve across all thresholds. -

8, € {0.05,0.1,0.15,0.2, 0.25}
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Sparse Reconstruction
 Transform CSIST Unmixing to Sparse Recovery by Sub-Pixel Partitioning
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Sub-pixel division

Measurement model: min ||z — G(Q)3||5 + |31
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Q= {(Xz; YI)}{1=1,---,L}
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[ISTA—Netl!]

min ||z — G(2)5||3 + Al|5])x
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Step (2) solved by: 3

prox,,(r) = argmin — |5 — r[3 + Aé(3) of ]
R |7 (5) — (1)l ~ ol|s — rll3 s s 4 2 0 21 4 & 8w

Replace ' with a trainable non-linear transform F(-) : —
Sparse Representation Optimization: From

Convex Optimization to Deep Unfolding
https://www.bilibili.com/video/BV1TV411X7ws/

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

) = argming | 7(8) - 7 (+) | + 617 @)l
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DISTA-Net

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.

Algorithm 1 Dynamic Iterative Shrinkage Thresholding Net- <(0) 6)) sk 100 sW-1)| (W) s
work S 5 T [ Soft(-,05") ] [ Soft(- 83" ] [ Soft(,83") ]
g 1 1
Input: CSIST image z, steering matrix G(x,y), initial = t ______ o= . W e
h y & B { = L. . ) f V [& . ) f | T
matrix (i, number of stages N, step size {pf "Wil.l = ‘;_I_)_T_(_:_J: ‘ L IDUE ‘ I
Output: Reconstructed result 5
Learnable parameters:
{ N el N (k) N C(A)AN
{p™} 1'”)1('“}? L G AT  2hald 7o (
2 Je= = , = = > k-1) g ]
(FRoF¥ =1 Sk=1) / \ 4 | Soft(3™"",6,)
Initialization: r® & E = §k-1) O
L8 Qunirz = = Xa 1
Iterative reconstruction: ., - - (,;)\‘ - = =
2 fork = 1to N do lojof] | >! & e " Oa" | = 2 <
3 ptk) g1 _ HRGT (G- — ) o ;é: zé 1 Conv ;
& &8 F (k-1 plk) i.gi £ X (1—a) ¥ O b v 85| E i =)
B o BT gt 9':0 Il . 5% _ilf F® )
. 8y + DTG™(™) { € :
A = (& k) . e :E_.Conv ! - \
(: en::_‘;l:_ }-lh)ﬂ(}-dlr‘k ).”"[ ” : 0—40 >~ / :‘\ ------ ’ -------- ) ,: : © Channel Concatenation i
: .' R ,' e — | Dynamic Threshold Generator |- 4 '\_@_l_il_e_n:e_rlt_lir_O_d_U_cL_()i Element Addition |
: 2 T¢rrTy—-1 5(0) 1 & 1 L& FH(E®
Qui = argmin [QZ - S|} = §27(227) 7,5 = QuuZ. = 37 2™ s+ 5 3D IFVEN ) - sl
i= i=1 k=1
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Experiment

Method #P ) \ FLOPs | i LNOMAS | PSNRT | SSIM T
mAP | AP-0S  AP-10  AP-15 | AP-20  AP-25

Traditional Optimization . .
STA (8] T - [ 746 [ 001 031 33 | 946 s | Method CSO-mAP|AP-05 AP-10 AP-15 AP-20 AP-25
Image Super-Resolution ISTA-Net [37] 45.16 041 7.71 40.57 82.58 94.53
ACTNet [40) 46212M | 62.80G | 4561 | 038 746 4113 | 8312 9595 | 354526 | 99.70 DISTA-Net w/o DT 46.32 0.34 683 4076 86.18 97.50
CTNet [20] 0400M | 2756G | 45.11 | 038 753 4039 | 8211 9514 | 351499 | 99.70 DISTA-Net w/o Thres.| 46.17 | 0.44 7.77 42.18 84.67 95.79
D(‘Tl.éj\-l—i*l 0.865M 13.69G 44.51 0.39 7.35 39.35 8115 94.34 346314 99.65 + DISTA-Net (Ours) 46.74 038 7.54 4244 86.18 97.14
EDSR [20] 1.552M | 12.04G | 4532 | 033 707 4058 | 8324 9541 | 353724 | 99.71
EGASR [25] 2.897TM 17.73G | 4551 | 042 803 4132 | 8571 9508 | 34.5681 | 99.66
FENet [1] 0.682M | 5.280G | 4567 | 038 772 4150 | 8339 9533 | 35.1887 | 99.69
RCAN [1§] 1.079M | 8243G | 4587 | 042 796 4181 | 8361 9557 | 352119 | 99.69
RDN [19] 22306M | 173.0G | 4581 | 035 .01 4107 | 8407 9643 | 364686 | 99.74
SAN [3] 4442M | 3405G | 4595 | 036 735 4117 | 8432 9657 | 365037 | 99.74 Method | CSO-mAP | AP-05 | AP-10 | AP-15 | AP-20 | AP-25
SRCNN [9] 0.019M | 13456 | 2906 | 023 410 2165 | 4995 6939 | 287608 | 98.44 o=5
SRFBN [ 1%] 0.373M 3.217G 46.05 0.43 8.31 42.83 83.72 94 95 340174 99.68 ISTA-Net 66.90) 5.60) 56.73 R7.26 91.55 93 .35
HAN [2]1] 64.342M 495.0G 45.70 0.39 7.46 40.90 83.61 96.17 35.2703 99.71 ISTA-Net+ 68.50 5.80 57.96 89.52 03.78 05.47
f::{: JL:":(;M";Q 017IM | 12776 | 4516 | 041 771 4057 | 8258 9453 | 339215 [ 9968 AT G20 §3 2803 | 8352 [l 3200 | I4.15

AN 3 s & .10 2 . AL y > 23.9410 LD
ISTA-Net+ [17] 0337TM | 2433G | 4606 | 042 766 4158 | 8446 9617 | 360892 | 99.72 » DISTA-Net 69.58 6.28 60.95 | 90.85 || 94.26 | 95.57
LAMP [5] 2.126M | 0278G | 1422 | 005 111 731 | 2156 4106 | 278299 | 9689 c=7
LIHT [%] 21.10M | 1.358G | 1035 | 0.06 0.92 499 | 1474 305 | 275107 | 9642 ISTA-Net 71.19 20.90 | 7645 | 84.16 | 86.60 | 87.85
LISTA [5] 2L.10M | 1358G | 3013 | 025 413 2229 | 5118 7282 | 29.8936 | 99.12 ISTA-Net+ 71.09 18.37 | 7490 | 84.90 | 87.88 | 89.31
FISTA-Net [31] 0.074M 1896G | 44.66 | 045 768 3974 | 81.24 94,19 | 357519 | 99.67 CFGN 70.38 1843 | 7388 | 83.97 | 86.88 | 88.30
TiLISTA [5] 2126M | 0.278G | 1495 | 0.06 1.23 772 | 2250 4623 | 27.7038 | 97.40 * DISTA-Net 7284 2132 7847 | 86.09 @ 8855 | 89.76
+ DISTA-Net (Ours)  2.179M = 35.10G 4674 | 038 754 4244 | 8618 9714 | 378747  99.79
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Visualization
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An interpretable deep unfolding problem for the
unmixing of CSO

Contribution A dynamic deepunfolding network - DISTA-Net

arXiv https://arxiv.org/abs/2505.19148
code https://github.com/GrokCV/GrokCSO
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