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Mosaic-SR: An Adaptive Multi-Step Super-Resolution 
Method For Low-Resolution 2D Barcodes

Multi-class detection is supported only by deep-learning models. 
Models are tested at different image resolutions.

5 – Results

1 – Introduction 2 – Key Idea: Mosaic-SR

3 – Architecture and Algorithm

Easy !

Hard

• Not all areas of the image are equally difficult to
upscale.

• Upscaling sharp edges and intricate corners – critical 
for barcode readability – is the most challenging part.

• Mosaic-SR iteratively refines only the regions that 
need it, while cutting computation on uniform 
backgrounds.
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Patch-wise: split image into patches
of 𝑘𝑘 × 𝑘𝑘 pixels, centered on each 
input pixel; flatten to 𝑋𝑋𝑖𝑖𝑖𝑖[𝑖𝑖].

Step Chain: Each step Mj  predicts 
upscaled patch �𝒚𝒚𝒋𝒋[𝒊𝒊] ​, uncertainty 
σ2

j[i], and a latent Lj​, with 
increasing precision.

Stop/continue:
• CASE 1: σ2

j[i] ≤ 𝑇𝑇ℎ𝑗𝑗  →  The 
approximation is good enough, 
we stop here;

• CASE 2: σ2
j[i] > 𝑇𝑇ℎ𝑗𝑗 →   The 

uncertainty is too high! Refine 
the estimate further.

4 – Variance Prediction and Training

Variance Prediction
Each refinement step predicts the variance (σ²) of its 
output, modeling the error as a Gaussian with zero mean. 
Variance acts as a measure of confidence: if it falls below a 
fixed threshold, the refinement stops.

Loss Function
Training minimizes a combined loss that balances 
reconstruction and variance estimation. This is the loss for a 
single model:
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Training Strategy
Models are trained sequentially: first 𝑀𝑀1 ​, then 𝑀𝑀2 ​, etc. 
Finally, all are fine-tuned together end-to-end.

Low Definition Bicubic Upscaling Mosaic-SR – High SettingIMDN RTC

This is a range extension of 14,2%
Compared to bicubic upscaling

Mosaic-SR reaches 60%
Decoding rate at 1.4 PPM

Bicubic upscaling reaches 60%
Decoding rate at 1.6 PPM
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Link to repository

Architecture Used
Three predictors 𝑀𝑀1 , 𝑀𝑀2  and 𝑀𝑀3  with 1 154, 3 778 and 14 274 
parameters, respectively. Patch size 7 × 7.

Results
Across latency tiers, Mosaic-SR achieves higher PSNR and more 
decodings at equal or lower time on PC and Raspberry Pi. The method 
increases the barcode reader’s range by 14.2% more compared to 
bicubic upscaling.

Link to
dataset

Dataset
BarBeR open-source dataset (QR/Datamatrix/Aztec).
We generate LR crops with 1.0–1.6 PPM (step 0.1)
and HR at 2.0–3.2 PPM for a total of 9,562 LR/HR
pairs. Decoding via pyzbar; timings single-thread on a
PC and a Raspberry Pi 3B+.

In many real-world applications, barcodes 
must be scanned from a distance. 

In warehouses, parcels may sit on high 
shelves; in production pipelines, small 
parts move rapidly along conveyor belts. 

These conditions often yield low-
resolution images where black and 
white modules blur together, making the 
codes unreadable. 

We need an upscaling algorithm that is 
fast and accurate.
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