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PhD Thesis Proposal

Title: Low-Cost Multimodal Al for Crop Growth Monitoring and Decision Sup-
port in Smallholder Farms

Summary

This PhD research aims to design and evaluate a low-cost multimodal artificial intelligence
framework [1] for smallholder agriculture. The proposed system will combine computer
vision, farmer-provided text input, and LLM-generated crop descriptions to monitor crop
growth, detect early signs of agricultural problems, and support farmer decision-making [2].

Recent advances in multimodal learning and vision-language models have demonstrated
strong capabilities in combining visual and textual information. However, their application in
real-world agricultural contexts remains limited due to high computational requirements, lack
of domain adaptation, and the constraints of smallholder farming environments. This project
aims to bridge this gap by developing a lightweight and scalable multimodal Al solution
adapted to low-resource settings[3].

Images captured through smartphones or low-cost cameras will be used to analyze crop
conditions such as plant growth stage, leaf color, disease symptoms, pest damage, weed
presence, water stress, and nutrient deficiency[4]. These visual observations will be combined
with heterogeneous textual data, such as farmer observations, local field knowledge, crop
history, weather conditions, and treatment records. A key scientific challenge lies in
effectively fusing these multimodal sources to produce robust and context-aware predictions
under real-world constraints[5].

In addition, large language models or vision-language models will generate automatic
descriptions of visual crop conditions, helping transform image-based observations into
understandable explanations [6]. This component aims to improve transparency, usability,
and trust in Al-based systems, particularly for non-expert users. The research will investigate
efficient adaptation strategies for these models in low-data agricultural contexts.

In addition to crop monitoring, the project will develop a multimodal decision-support
pipeline integrating detection, reasoning, and recommendation [7]. The system will identify
crop anomalies and suggest appropriate interventions (e.g., irrigation, pest control, nutrient
management), while addressing challenges related to reliability, uncertainty, and user trust.

The expected contribution is an accessible and scalable Al-based decision-support framework
that enables smallholder farmers to track crop development over time, detect problems at
an early stage, and receive simple guidance adapted to resource-limited agricultural contexts.
Collaboration with some partners could support field data collection, agronomic expertise,
validation with farmers, and the evaluation of the proposed Al framework in real agricultural
conditions[8].
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The main objective of this PhD is to develop a low-cost multimodal Al framework for crop
monitoring and decision support in smallholder farming. This goal is structured into the
following objectives:

1. Multimodal Data Fusion: Develop methods to effectively integrate visual crop data and
heterogeneous textual information for robust crop analysis.

2. Low-Cost and Robust Model Adaptation: Develop computer vision models for low-
qguality data and investigate efficient adaptation of foundation models to low-resource
agricultural settings.

3.Multimodal Reasoning with LLMs: Investigate the use of LLMs and vision-language models
to generate semantic descriptions and explanations of crop conditions.

4. Decision Support System:Build a pipeline capable of detecting crop issues and
recommending appropriate agricultural interventions.

5.Real-World Validation: Evaluate the proposed framework through field experiments,
focusing on robustness, usability, and practical impact.
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