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INTRODUCTION

My team develops inclusive, responsible, and multimodal Al technology across education,
healthcare, and digital services grounded in our research in embodied agentic intelligence and
large language models. | will share deployed examples from these domains and draw parallels
to agriculture, where similar technical challenges persist, ranging from multimodal fusion for
contextual reasoning, explainable Al for actionable insights, and data-efficient learning for
adaptation and localization. While the application contexts differ, the underlying Al
considerations are remarkably aligned, opening pathways for cross-domain innovation.

Keywords: Multisensory models, foundation models, resource-efficient learning, Al for society

METHODS AND MODELS

Why does agriculture need a new kind of intelligence? Because the challenges it faces —
climate volatility, an aging workforce, fragile supply chains, and accelerating land degradation
are complex, interconnected, are beyond the reach of any single tool or sector. Precision
agriculture sits at the intersection of environmental sustainability, economic resilience, and
social equity. It is no longer about just applying sensors or analytics — it's about how we learn
from farms dynamically and in context. Below we highlight technical approaches and real-world
deployments from other domains that tackle challenges about multimodal understanding, data
sparsity, and interpretability — offering promising directions for a new generation of precision
agriculture solutions.

I. Multimodal Learning, Reasoning, and Grounding

As part of the Singapore National Multimodal Large Language Model Programme, we have
developed MERaLION (Multimodal Empathetic Reasoning and Learning in One Network)' —
the first multimodal large language model tailored to Southeast Asia’s diverse linguistic and
cultural landscape (Wang et al 2024, Wang et al 2025, He et al 2025). MERaLIiON reasons
over multiple streams of input, including ambient audio (e.g., environmental sounds like
waterfalls, thunderstorms, or machinery), emotional cues (e.g., distress signals such as
screams resulting from accidents or equipment failure), and textual content (e.g., Indonesian
social media posts reporting crop loss or pest outbreaks). Multimodal representation learning

"hitps://www.meralion.ai/; Open Source Model and Data https:/huggingface.co/MERaLION




is critical in contextualizing information from heterogeneous data types with varying quantity
and quality in addition to temporal and spatial resolution. Such lessons derived from digital
service applications (e.g. customer engagement) can also be used in precision agriculture.

Il. Data-Efficient Learning

Data sparsity remains a fundamental challenge in generalizing Al research, particularly when
most mainstream Al models are developed within a North American context. To illustrate how
representation scaling can address this, we present a language learning use case: SingaKids
Al Tutor (Liu et al 2025), a multimodal, multilingual agent designed to engage young children
in Singapore in learning ethnic languages of Malay, Mandarin and Tamil. The goal is to
strengthen Singapore’s multilingual advantage while honoring its multicultural heritage.
Although all four national languages in Singapore — English, Mandarin, Malay and Tamil — are
officially treated equally, the availability of machine-learning-suitable linguistic resources
decline sharply in that order. This disparity contributes to the performance gaps in multilingual
Al systems, disproportionately disadvantaging underrepresented groups, particularly Malay
and Tamil learners. To address these challenges, we developed a suite of computational
strategies including self-supervised representation learning (Liu et al 2021a, Liu et al 2021b),
instruction fine tuning (Wang et al 2024, Lin et al 2025), and reward process synthesis (Jiao et
al 2024). These methods enable us to scale data efficacy for advanced deep learning models
while strategically injecting noise to enhance robustness under low resource conditions. We
can apply similar approaches in adapting agriculture Al models used in Asia.

lil. Intelligence-Informed Analysis for Decision-Making

We have computationally modeled clinical conversations and vital signs to interpret lifestyle
needs of diabetes and heart-failure patients, revealing links with downstream health outcomes
(Liu et al 2023, Erdt et al 2024). These insights inform Siu Dai®, a clinical-protocol-guided
telehealth bot that engages patients between hospital visits and supports nurses in refining
telehealth phone calls for enhanced chronic disease management and monitoring. This
example demonstrates how structured understanding of unstructured, multimodal data can
yield explainable, actionable insights for care delivery. This methodology is directly applicable
to precision agriculture, where informal yet information-rich data—such as farmer extension
calls, community radio broadcasts, or social media reports—often contain early indicators of
equipment malfunction, pest outbreaks, or environmental stress. Such approaches enable
transparent decision support systems that empower end users (e.g. smallholder farmers) and
inform policy makers with interpretable summaries grounded in lived experience. These
insights are not only model outputs but are traceable to conversational cues and patterns—
facilitating trust, usability, and uptake in real-world, low-resource agricultural setting.

CONCLUSIONS

Precision agriculture cultivates more than just crops or livestock — it nurtures the intersection
of planetary health, economic resilience, and human dignity. Achieving this vision calls for Al
that learns from minimal and noisy data, listens across sensors and languages, , and speaks
clearly to those it serves. Our research experience in MERaLiON, SingaKids Al Tutor, and Siu
Dai Telehealth Bot draws parallel technical solutions for cross-domain innovation and
synergies.

2 Siu Dai means “less sugar” in Singlish
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