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Figure 1: System schema: Small Pixels on receiver and on Edge. An Al-based pre-processing step can be applied on the edge
device before transmission, enhancing video quality at low bitrates. This improves resilience to compression and helps preserve

key visual details during streaming,.

Abstract

Surveillance systems such as bodycams and drones often operate
under bandwidth constraints that limit video quality and degrade
both human monitoring and Al-based analytics. Traditional com-
pression techniques introduce artifacts that obscure critical details,
especially in high-motion scenarios. We present a generative Al-
powered video compression framework developed by Small Pixels,
a spin-off of the University of Florence, designed to deliver Full
HD video at significantly reduced bitrates. The system combines
edge-side preprocessing for compression resilience with real-time
receiver-side super-resolution, enabling up to 50% bandwidth sav-
ings while preserving perceptual quality and detection accuracy.
Objective evaluations on EgoSeg and VisDrone datasets show +6.2
VMAF improvement and stable YOLOv11 detection performance
with 30% less bitrate. Live trials in Singapore, within the Singapore
Hatch-X Global Innovation Program, validated real-time opera-
tion with minimal latency, demonstrating clearer faces and motion
in challenging conditions. The solution integrates seamlessly into
existing infrastructures without hardware upgrades, offering a prac-
tical path to reliable, high-quality video streaming in bandwidth-
limited environments.
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1 Introduction

Video surveillance systems increasingly rely on mobile devices
such as body-worn cameras and drones to provide real-time situa-
tional awareness in public safety and security contexts. However,
these systems are constrained by limited or unstable bandwidth,
especially in field operations where wireless connectivity cannot
guarantee high throughput. Traditional video compression schemes
(e.g., H.264/H.265) face a fundamental trade-off: higher compression
reduces bandwidth but introduces severe artifacts such as block-
ing, flickering, and motion blur. These artifacts hinder both human
operators, who require clarity to identify persons and behaviors,
and Al systems, which depend on visual fidelity for accurate detec-
tion and recognition. Recent advances in generative Al (GenAl) for
video super-resolution and enhancement offer new opportunities
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to overcome these limitations [3-5]. Instead of treating compres-
sion artifacts as unavoidable, GenAI models can learn to anticipate
or reconstruct lost details, enabling high-quality streaming at sig-
nificantly reduced bitrates. This paper presents a GenAl-powered
solution developed by Small Pixels (University of Florence spin-off)
and validated through the Singapore Hatch-X Global Innovation
Program. The system is designed for real-time deployment on body-
cams and drones, offering up to 50% bandwidth savings while main-
taining Full HD perceptual quality and operational performance.

2 System design
The solution combines two complementary approaches:

e Edge-side preprocessing — High-resolution video is pro-
cessed directly on the capture device or nearby edge node
to enhance compression resilience, reducing artifact propa-
gation during transmission.

o Receiver-side upscaling — Alternatively, video is captured
at lower resolution (e.g., 540p) and transmitted at reduced
bitrate. On the receiver side, a GenAl super-resolution model
reconstructs the stream to Full HD in real time.

This design achieves two key objectives:

e Bandwidth optimization: transmission at 700 kbps compared
to >1 Mbps baselines.

e Quality preservation: sharper facial features, clearer textures,
and more stable motion rendering.

The models were trained on a curated dataset comprising bodycam-
like and drone-like scenarios collected in-house, complemented
by publicly available datasets such as EgoSeg [1] and VisDrone
[6]. Training emphasized high-motion and dynamic backgrounds,
where compression artifacts are most severe.

3 Methodology and evaluation

The intended real-world use case involves video stream analysis by
a human operator and Al-based crowd counting algorithms. Two
simulated applications were tested:

e Bodycam: chest-mounted camera simulating police usage.
e Drone: elevated camera simulating aerial surveillance.

Experimental setup:

e Baseline (A): 1080p at 1000 kbps, standard encoding, without
using Small Pixels technology.

o Small Pixels AI (B): 540p at 700 kbps, upscaled to 1080p using
Small Pixels GenAlI super-resolution.

o Small Pixels Al + Edge (C): 540p at 700 kbps with Small Pixels
preprocessing + Small Pixels upscaling on receiver.

Evaluation used VMAF [2] for perceptual quality, YOLOv11 mean
Average Precision (mAP) for downstream Al tasks, and subjective
assessments during live demos. The EgoSeg dataset was used for
visual quality evaluation, while the VisDrone dataset was used for
Al algorithm processing evaluation.

4 Results

The expected goal, that was met, was to obtain improved or same
quality and detection with -30% bitrate. Table 1 summarizes results,
showing how the goals were met in all the use cases.
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Figure 2: top) frames from the EgoSeg dataset; bottom) frames
form the VisDrone dataset.

Table 1: Performance comparison of baseline vs. Small Pixels
Al solutions.

Scenario Bitrate Resolution =~ VMAFT mAP7T
Baseline (A) 1000 kbps 1080p 69.57 31.02%
SP AI (B) 700 kbps ~ 540p—1080p  75.81  31.07%
SP Al+Edge (C) 700kbps  540p—1080p  77.69  31.48%

Results show ~30% bandwidth savings, +6.2 VMAF improvement,
and stable or improved detection performance. Live demos in Singa-
pore confirmed subjective gains in clarity, particularly for faces and
motion. In particular setup (C) that combines Small Pixels GenAl
both on camera and on receiver results in the best performance.

5 Conclusion

We presented a GenAl-powered video compression system enabling
high-quality surveillance at reduced bitrates. The solution demon-
strated improvements in both perceptual quality and Al analytics,
with seamless integration into existing infrastructures.

The results highlight the potential of GenAlI to redefine the
compression-quality trade-off in constrained video streaming. By
learning compression dynamics, the Small Pixels models either
optimize video before encoding or reconstruct detail after decoding.
Importantly, the solution requires no hardware upgrades to existing
cameras, easing deployment for security agencies.

At the conference, we will demonstrate real-time operation on
police bodycams and drones, illustrating how the system supports
law enforcement in bandwidth-constrained environments.
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