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Abstract

OceoChat is an Al-powered conversational interface that revolutionizes access to
ARGO ocean data, a repository exceeding 20 petabytes collected from 3000+ floats
worldwide. Traditional portals are complex, English-only, and demand technical
expertise, creating barriers for researchers, policymakers, and students.
OceoChat’s objective is to simplify ocean data discovery and visualization through
natural language queries in multiple Indian languages, with voice input/output for
accessibility. The methodology integrates ARGO, NOAA, and satellite datasets with
advanced Al models (Google Gemini Pro, Hugging Face) to process queries,
validate data, and generate interactive visualizations such as maps, charts, heat
maps, and 3D profiles. The system architecture leverages Next.js for frontend,
Node.js/Express.js for backend, Sup a base for database, and cloud deployment via
Vercel and Railway. Outcomes include a 70% reduction in data discovery time, on
boarding of 500+ researchers and 2000+ students within six months, and
integration into 50+ marine science curricula. OceoChat is positioned as a scalable,
inclusive platform that accelerates research, supports education, and enables
evidence-based policymaking for India’s coastal and climate challenges.
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1. Introduction

1.1. The Imperative of Ocean Observation in the
Anthropocene
Modern  oceanography confronts existential
challenges: marine heatwaves (50% increase since
1980s), accelerating sea-level rise (4.5mm/year),
deoxygenation affecting 15% fish stocks, and
biodiversity loss in 66% of assessed stocks. The
ARGO array deployed since 1999 across 69 nations
provides the backbone: 4,000+ autonomous floats
cycling every 10 days, transmitting 100,000+
profiles annually via Iridium satellites. By 2026,

OPEN ACCESS

ARGO's dataset exceeds 25 petabytes, assimilated
into 90% operational forecast models (ECMWF,
NOAA), yet raw access remains elitist.
India's Oceanographic Context and Blue
Economy Stakes
India's Exclusive Economic Zone (2.02M km?)
supports 4M fisherfolk, 14% global marine catch,
and $70B+ annual blue economy value projected to
$100B by 2030 via offshore wind (30GW potential),
OTEC, and deep-sea minerals. ISRO's 494 ARGO
floats + Oceansat-3 deliver regional superiority for
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monsoons  (IMD  cyclones) and fisheries
(chlorophyll mapping), but linguistic diversity (22
official languages) and digital divides exclude 70%
researchers. Global ARGO deployment (2026):
4,139 active floats (red dots), density heatmap
showing Indian Ocean focus (India: 531 floats).
Data: ftp.argo.ucsd.edu.
1.2. Critical Accessibility Barriers in Ocean
Data Ecosystems
1.2.1. Quantitative Gaps (from 2025 reviews):
e Discovery Time: 2.8-4.2 hours/query vs.
2min conversational Al.
e Linguistic Exclusion:
researchers blocked.
e Visualization Deficit: 85% portals static
PNGs only.
e FAIR Compliance: Only 42% datasets fully
interoperable[8]
1.2.2. OceoChat Hypothesis:
Multilingual conversational Al + geospatial LLM
yields 5x faster, 3x more inclusive access. As
Shown in Figure 1.

78% non-English
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Figure 1 Objectives of The Project

2. Methodology
2.1. Heterogeneous Data Federation
Core Datasets (20+PB total): As Shown in Table 1.

Table 1 Core Datasets (20+PB total)

Source Parameters Format Volume Update Freq.
ARGO T/S/P (0-2000m) NetCDF4 22PB 10 days &
NOAA GDP Currents, SST CSV/GRIB 1.2PB Daily 129
ISRO Oceansat Chlorophyll, winds HDF5 0.8PB 2 days [
NASA MODIS | Ocean color, altimetry NetCDF 1PB Daily

Preprocessing: GDAL for reprojection, xarray for
chunked 1/0, Supabase Vector for semantic search.
[1] As Shown in Figure 2.

TYPE OF DATA

SOURCES

FORMAT

Figure 2 Data Description

2.2. System Architecture (Microservices Design)
Full Stack:
As Shown in Table 2.

Table 2 Layers Components, Scalability &

Target
Layer Component | Scalabilit | Latency
S y Target
Next.js 14.2,
Fronten Tailwind 50K <100ms
d v3.4, React sessions render
Query
Node.js v20,
Backend Express 1K req/s <500ms
API
4.19,
160
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BullMQ
Gemini Pro
3.1 (128K <5s
Al
Pipeline cb), HF C(I;qu)tlér inferenc
Transformer e 19
S
Supabase
Databas ch 15 + 10TB <50ms
e sharded RAG
pgvector
Plotly.js
Viz 2.27, D3 v7, 60fps
Engine Three.js WebGL 3D
r165

Deployment: Vercel

Edge (frontend), Railway

Postgres (backend), $52K/month at scale. Show in
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6. Analytics — Thermocline depth (MLR),
heat content (JTdz)
7. Viz Synthesis — 3D profile + heatmap +
trajectory
8. Export — Colab notebook + annotated PDF
Accuracy: 92% intent match, 87% anomaly
detection (ROC-AUC). As Shown in Figure 4.
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Figure 3 Methodology / System Flow

2.3. Novel 8-Step Conversational Pipeline
QUERY: "Show Bay of Bengal temperature
profiles during 2024 monsoon"
1. ASR/Tokenizer — "bay bengal temp
profile 2024 monsoon” (Hindi/English).
2. LLM Intent — {location: [77-92E,5-22N],
param: temp, time: 2024.6-9}
3. Vector RAG — Top-50 ARGO profiles
(cosine sim >0.85)
4. Multi-source Fetch — ARGO+MODIS
(async Promise.all)
5. QC Pipeline — Range checks, outlier
rejection (30), human-loop <1%

Figure 4 Anomaly Detection (ROC-AUC)

3. Results

3.1. Quantitative Validation (6-Month Beta:
n=2,500 users)
Primary Metrics:
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User Demographics: 42% students, 35%
researchers, 15% policymakers, 8% industry.!
Interactive ARGO temperature/salinity profile
(WMO 4902786, BoB, Jul 2024): 28°C surface —
12°C @400m thermocline; overlaid satellite SST
validation (MODIS). Generated via OceoChat
Three.js engine.lX!
3.2 Visualization Efficacy Study (A/B Test: n=180)
Static vs. Interactive: Comprehension +41%, task
time -56% (p<0.001).14
Outputs Demonstrated:
1. Float Density Maps: 4K positions + 30-day
trajectories
2. Parameter Heatmaps: Salinity anomalies
(o0 contours)
3. Vertical Sections: T/S/P ladders + mixed
layer depth
4. 3D Reconstructions: Float neighborhood
volumes
3.3 Domain-Specific Impacts
Fisheries: Chlorophyll+float — 22% improved
catch prediction (Andhra Pradesh cooperatives)
Cyclones: Pre-storm ocean heat — IMD Yaas

model enhancement(®!
Education: 50 curricula (IITM, NIO, AMET
Univ.)i

DISCUSSIONS

4.1 Theoretical Advancements in Conversational
Geosciences
OceoChat instantiates Tool-Augmented
Multimodal RAG for oceanography—first to
combine ASR, geospatial transformers, and 3D
WebGL within single interface. Extends OceanAl
paradigm with Indic language fine-tuning
(92%—96% accuracy). 19411200
Novel Contributions:

1. Indic-Ocean LLM: 5-language fusion model

2. Profile-Aware Viz: Physics-constrained 3D

rendering
3. FAIR-by-Conversation: Semantic FAIR
layert®l

4.2 Transformative Implications
Policy:  Real-time ocean state  bulletins
(MOES/INCOIS integration)
Economy: $2.1B fisheries uplift via predictive
analyticsl2lil4l
Equity: Bridges 70% linguistic digital divide
Global: Template for 150+ developing coastal
nations

4.3 Rigorous Limitations Analysis

Limitation Severit = Mitigatio ~ Timelin
y n e
APl Uptime  High Multi- Deploy
(ARG provider ed
@) failover
97%)
Hallucinati Mediu Human- Live
ons m loop +
(3.2%)  confidenc
e
thresholdi
ng
Deep Low Deep Q3
Ocean (>2000 Argo 2026 1
mgap) integratio
n
Polar Bias Low BGC- 2027
Argo [
expansion

4.4 Research Roadmap

Phase 2 (12mo): National portal, edge-Al floats
Phase 3 (24mo): Full BGC-Argo + digital twin
oceans
Global Collaboration: UNESCO 10C, GEBCO
Seabed 203018
OceoChat catalyzes the conversational ocean era,
converting ARGO's exabytes from vault to
village.[251L
Conclusion & Future Scope
Summary: OceoChat integrates conversational Al
with ARGO ocean data, making marine research
accessible and efficient.

Achievements:  Faster research, educational
integration,  policy  support, international
collaboration.

Limitations: Dependence on API availability, Al
accuracy requiring human validation.

Future Scope
BGC-ARGO Integration: Biogeochemistry
parameterst*!

National Portal: INCOIS+MOoES deployment
Edge Al: On-float conversational analytics
Global South Network: Hindi/Tamil/Spanish
expansion4I]

OceoChat transforms ARGO's 25 petabytes from
specialist silo to national asset, positioning India as
conversational oceanography leader. 211
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