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Abstract : Ensuring food safety and quality is cri�cal for achieving the Sustainable Development Goals (SDGs) set by the

United Na�ons, par�cularly SDG-2 (zero hunger) and SDG-12 (responsible consump�on and produc�on).
Although reliable, tradi�onal food quality assessment methods are o'en laborious, �me-consuming, and
unsuitable for real-�me monitoring. The present work aimed at developing AI-enabled mul�func�onal op�cal
devices that are affordable, portable, and capable of real-�me, non-invasive monitoring of food quality and
spoilage. A reflectance-based mul�mode colorimeter was first developed for real-�me monitoring of fat
crystalliza�on processes in oleogels, demonstra�ng a strong correla�on with conven�onal differen�al
scanning calorimetry data. By upgrading its func�onality, a colorimeter-cum-spectrometer imaging system
was developed by integra�ng an ar�ficial neural network to predict reflectance spectra from RGB values.
Based on microbial evalua�on through Total Plate Count, the collected color and spectral data were
categorized into two datasets: a two-class distribu�on (D1: Fresh and Spoiled) and a three-class distribu�on
(D2: Fresh, Marginally Fresh, and Spoiled). Machine learning (ML) models, par�cularly Support Vector
Machine (SVM), achieved an F1 score of 0.9584 (D1) and 0.9086 (D2). Further, a digital imaging-based deep
learning (DL) framework was proposed to enhance early spoilage detec�on using a custom 2D-C NN model
and transfer learning architectures (ResNet-50, VGG16, VGG19, Incep�onV3). The custom 2D-C NN model
exhibited the highest F1 score of 0.9156 (D1) and 0.9025 (D2). Furthermore, the device was upgraded to a
filter-free snapshot hyperspectral (HS) imaging system. Herein, a novel HS image genera�on algorithm was
proposed that helped to eliminate the expensive tunable filters and transla�onal stage employed in
conven�onal HS systems. Among all the DL models, 2D-C NN (F1 score: 0.9728) and Incep�onV3 (F1 score:
0.9775) achieved the best tes�ng performance for the D1 and D2 categories, respec�vely, under auto-
selected wavelengths. Finally, all the best-performing models were integrated into a unified graphical user
interface (GUI). During real-�me tes�ng with HS images as input, the 2D-C NN model (D1) and the
Incep�onV3 model (D2) demonstrated excellent performance. Future work will be emphasized on valida�on
across diverse foods, real-world deployment, and explainable AI integration.
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