
Abstract:

Accurate underwater optical measurement and visual recognition present significant challenges 
due to light attenuation, scattering, and hardware resource constraints. This study presents a 
practical, lightweight underwater vision framework that integrates single-camera depth estimation 
and adaptive image processing for real-time spatial measurement and target recognition. 
Utilising a single optical camera combined with a lightweight deep-learning depth-estimation 
model, the system estimates absolute camera-to-target distances and inter-point physical 
dimensions in controlled water-tank environments. To evaluate edge deployment feasibility, the 
algorithm was deployed and benchmarked on a Raspberry Pi embedded platform, demonstrating a 
compact and cost-effective hardware solution compared to conventional host PC configurations. 
Furthermore, to address severe image degradation in turbid conditions, an adaptive binarisation 
pipeline was developed to enhance text clarity, specifically targeting digital temperature indicator 
strips used as benchmark phantoms. 
Experimental evaluations indicate that the adaptive binarisation technique achieves high digital 
recognition accuracy across clear and mildly turbid conditions. Additionally, systematic 
comparative analyses were conducted against standard open-source baselines to evaluate the 
impact of target spatial placement, optical visibility, surface reflectivity, and material 
characteristics on measurement reliability. The proposed framework provides an efficient, low-
power solution for edge-based underwater monitoring and smart aquaculture applications.
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