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Motivation Method Experiments

p Task: We propose RGANet for COD in lensless 
imaging, which uses spatial-frequency RGMs to 
localize objects and a local attention-based RA to 
enhance region details.
p Challenges: 
Ø Lensless imaging lacks traditional visual features, 

making it challenging to extract task-relevant 
information; 

Ø  Data complexity increases training difficulty, 
especially for denoising and key feature retention;

Ø The inherent complexity of the COD task further 
amplifies these challenges.

pMotivation:
Ø  Enhancing COD in lensless imaging requires 

reducing semantic clutter and capturing fine 
details. 

Ø Frequency cues filter irrelevant features, while 
spatial proximity boosts detail perception, together 
improving object recognition.

pOverview: Our RGANet 
inc ludes an OFE for 
feature extraction, two 
RGMs to mine spatial-
frequency cues, an RA 
t o  e n h a n c e  o b j e c t 
details, and an HFD for 
r e f i n e m e n t .  T h i s 
enables accurate object 
detection from lensless 
data.

pOFE: OFE with a Wiener 
filtering mechanism as

p RGM: RGM that learns spatial 
a n d  f r e q u e n c y  f e a t u r e s 
collaboratively by SIE, FCE, 
and SFFF. 

Fig 2 The pipeline of RGANet

Fig 1 Motivations and Comparison Results

Fig 3 The structure of FCE

It includes DCT, frequency separation, and 
selection to gather frequency cues.

p RA: RA compresses background 
and amplify concealed objects by 
generating an attention map from  
first RGM output and magnifying 
objects based on this map:

p Loss Functions: We combine the weighted BCE loss and weighted IoU loss  
for effective training.

Ablation study on different configurations (d)-(m) 
correspond to IDs #1-#10, (n) is RGANet, and (c) 
is label map for lensless imaging measurement (a) 
and underlying scene (b) 

We compare our RGANet with 
lensless inference-based methods 
(EyeCoD, LLI_T, LOINet) and state-
of-the-art COD methods (MSCAF-Net, 
OCENet, ZoomNet). All models are 
retrained using open-source codes 
and a consistent OFE module for fair 
evaluation. Results on the Test-Easy 
and Test-Hard datasets, highlighting 
our method’s ability to infer more 
complete object structures. 

Results for the detection-after-reconstruction 
strategy with 10% improvment  compared to 
direct COD methods, despite higher 
computational cost, validating the potential 
of direct COD in lensless imaging.


