
 

 

 

Enhancing Aquaculture Sustainability through AI-

Powered Precision Farming - The APY Tool 

 
 

Submitted by 

Nirdhwani Technologies, Pune, India 

19 January 2026 

 



 
Doc Class: Version 1.0 

General 19-Jan 2026 

 

 

Page 2 of 22 

 

 

 
Contents 

Contents 
1 Cover Sheet ................................................................................................................................ 3 

Background (500 Words) ............................................................................................................. 7 

Problem Statement (600 Words) .................................................................................................. 9 

2.1 Current Progress (1500 Words) ..................................................................................... 10 

2.2 Future work and Scale Up Strategy ................................................................................. 18 

2.3 The Force Behind the Transformation ...................... Error! Bookmark not defined. 

3 Appendix .................................................................................................................................. 19 

3.1 Supporting Documentation ............................................................................................ 19 
 

 
 



 
Doc Class: Version 1.0 

General 19-Jan 2026 

 

 

Page 3 of 22 

 

 

1 Cover Sheet 
 

Sr. No. Name Details 

1 Project Title Enhancing Aquaculture Sustainability 

through AI-Powered Precision Farming - 

The APY Tool 

2 Principal Investigator 

(PI)/Project Leader (PL) 

 

 Name Arnab Das 

 Designation Director 

 Affiliation Nirdhwani Technologies Pvt Ltd. 

 Address Aquamarine A3, 203 Nyati Esteban, Undri, 

Pune – 411060 

 Phone Number 9665033463 

 Email ID director@nirdhwani.in 

3 Co-Principal Investigator (Co - 

PI) 

 

 Name Shlok Nemani 

 Designation Research Fellow 

 Affiliation Maritime Research Center 

 Address Maritime Research Center, Aquamarine 
A3, 203 Nyati Esteban, Undri, Pune – 
411060 

 Phone Number 7000902234 

 Email ID shloknemani10nov@gmail.com, 
shlokn.mrc@foundationforuda.in 

4 Collaborator Details  

mailto:shloknemani10nov@gmail.com
mailto:shlokn.mrc@foundationforuda.in


 
Doc Class: Version 1.0 

General 19-Jan 2026 

 

 

Page 4 of 22 

 

 

 Name  

 Designation  



 
Doc Class: Version 1.0 

General 19-Jan 2026 

 

 

Page 5 of 22 

 

 

Abstract (500 Words) 

Aquaculture has been a growing industry in the past decade. In the context of India and 

Indian ocean region, aquaculture holds a significant value as India has remained one of the 

top exporters of fisheries and frozen shrimp worldwide. A lot about the growth of 

aquaculture in a region (i.e. its feasibility and challenges) can be found from thorough study 

of the water bodies and their quality in that region. 

In response to the growing need for efficient underwater data collection in aquaculture 

ponds in India, our project aims to develop IoT sensors tailored for this purpose. 

Historically, underwater data collection in aquaculture ponds has been limited, hindering 

the ability to monitor and manage ponds effectively. While a lot of technology regarding 

remote agricultural monitoring have been developed and deployed in the west. Even there 

are vendors available in countries like China, Vietnam and Indonesia that produce and 

export these sensor sets, but we are pitching to solve this problem by developing made in 

India sensor sets from indigenous hardware. 

Our proposed solution involves designing and implementing a network of IoT sensors 

capable of collecting various data points such as water quality parameters, temperature, pH 

levels, and oxygen levels, and few other parameters. 

The vision is to revolutionize aquaculture pond management by providing real-time, 

accurate, and comprehensive data insights. Our goals include enhancing the efficiency and 

productivity of aquaculture operations, improving environmental sustainability, and 

reducing operational costs with fully functional APY (Area, Production, Yield) Tool platform, 

integrating real-time IoT sensor data with user-friendly dashboards for data visualization, 

advanced analytics, and actionable insights tailored for small-scale aquaculture operations. 

Building upon the successful development and field validation of the APY Tool, 

Nirdhwani Technologies (NDT) will focus on scaling and deepening its impact through 

expanded deployment and integration of indigenous IoT-based monitoring solutions. A key 

priority is the integration of real-time environmental sensors to further enhance predictive 

accuracy and automation in aquaculture management.  NDT also aims to establish robust 

backend protocols and infrastructure that can support seamless data transmission, secure 

storage, and real-time analytics, thereby enabling data-driven pond management across 

India’s coastal belt.  

 

What sets NDT apart is its Made-in-India approach—from sensor design to app 
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interface—tailored for Indian farming conditions. The system supports regional 

languages, works on basic smartphones, and is developed on an open, modular 

architecture that promotes continuous learning through user-reported outcomes. 

 

The ultimate goal is to create a replicable and sustainable model that harmonizes 

technology with traditional knowledge, strengthens rural aquaculture livelihoods, and 

contributes meaningfully to India’s Blue Economy goals. 
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Background (500 Words) 
 

Aquaculture, the practice of breeding, rearing, and harvesting of aquatic organisms in all 

types of water bodies. The influence of aquaculture in the Indian Ocean region is profound, 

shaping both economic prosperity and environmental sustainability. With its vast coastline 

and abundant marine resources, countries in the Indian Ocean region, especially India, have 

increasingly turned to aquaculture as a means of meeting growing demands for seafood and 

generating revenue. 

The one thing that still plagues this tremendous growth potential is the low aquaculture 

productivity in Indian aquaculture systems which is highly attributed to lack of skill among 

farmers, a highly varying climate profile and a lack of dissemination channels to guide 

farmers towards optimal production levels. 

A lot of effort has been gone in this aquaculture space to optimize productivity levels, like 

development of biofloc systems, introduction of Integrated Multi-trophic aquaculture, skill 

training programs for small aquaculture owners, and devising intensive cultivation 

techniques, etc. While all this solution broadly covers how one can improvise their practice 

it doesn’t really track their effectiveness at the large scale. 

The APY (Area, Production, Yield) Tool bridges this gap by transforming how farmers 

interact with their farms. Unlike standalone IoT systems that only monitor water 

parameters, the APY Tool integrates AI-powered analytics, historical trends, and 

government extension services into a single, farmer-friendly platform. It goes beyond real-

time monitoring—predicting disease outbreaks, optimizing feed schedules, and even linking 

farmers to subsidies and credit based on their farm’s digital footprint. By harnessing 

technology to monitor and manage aquaculture operations, countries can enhance 

productivity while minimizing negative environmental impacts. These Tool enable precise 

monitoring of water quality, ensuring optimal conditions for aquatic life. 

Research efforts show that a set of water parameters truly determine the growth of the 

breeding culture in it. This set broadly includes Temperature, water salinity, water Ph, 

Dissolved Oxygen level in water, TAN, Dissolved nitrates, etc. while IoT Sensors can track 

this data to determine how favorable is the water for the culture of certain aquatic organism, 

the APY Tool transforms raw measurements into actionable intelligence for farmers. The 

APY Tool's AI engine analyzes sensor data against species-specific growth models, providing 

clear recommendations.  This solution can work in addendum to the existing research and 
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technology, and can help remote management of the farms.  

However, the success of such digital interventions hinges not just on technological 

accuracy but also on their usability, affordability, and acceptance at the grassroots. Many 

aquaculture stakeholders—especially women, youth, and marginalized communities—

remain excluded from the digital shift due to language barriers, low digital literacy, and the 

absence of localized training. To truly transform the sector, it is essential to embed user-

centered design principles into these innovations and build strong feedback loops between 

field realities and digital platforms. The APY Tool, with its multilingual interface, modular 

design, and compatibility with low-cost smartphones, is strategically positioned to bridge 

this last-mile gap and become a catalyst for equitable digital transformation in India’s 

fisheries sector.
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Problem Statement (600 Words) 

Problem statement: Develop and deploy the APY Tool—an AI-powered precision farming 

platform that integrates real-time data from compact, energy-efficient underwater sensors 

to monitor key aquaculture parameters (temperature, salinity, dissolved oxygen, pH, and 

more). The APY Tool will deliver actionable insights, predictive analytics, and digital record-

keeping to empower small-scale fish farmers in India, enhance productivity, support 

sustainable resource use, and improve resilience to environmental and operational 

challenges. 

Importance of Problem: India is topping charts as a leading exporter of high-quality frozen 

shrimp to the U.S. and is the second largest exporter of fisheries globally. Over time, as natural 

habitats have been depleted due to illegal and unregulated fishing, aquaculture has become the 

primary source of fisheries. As evident from the numbers, aquaculture in India mainly caters to 

the demand for shrimp, seaweed products, and certain fish species. 

To contextualize the innovation presented by NDT, it is important to understand the 

scientific basis underpinning the Area Production Yield (APY) Tool and its role in advancing 

precision aquaculture. Drawing from a strong foundation of peer-reviewed literature and 

domain expertise, the APY Tool is designed to enable real-time monitoring and predictive 

management of critical water quality parameters—namely temperature, stocking density, 

pH, salinity, and dissolved oxygen. These parameters are fundamental to ensuring both high 

survival rates and optimal biomass output in aquaculture systems. 

Research-backed thresholds suggest that water temperature should ideally range between 

27°C to 33°C to support acclimatization during the post-larval (PL) stage of Vannamei 

shrimp, thereby minimizing stress and improving survival. Stocking density, while 

influencing total biomass, must be managed carefully; overcrowding can reduce individual 

growth rates and increase feed demands, compromising the economic and ecological 

efficiency of the operation. pH levels should be maintained slightly above neutral, ideally 

between 7.0 and 8.0, to avoid adverse effects from sludge accumulation and ammonia 

toxicity. 

Salinity is another critical parameter, with studies indicating that a range of 20–30 ppt 

(typical of brackish water) supports superior shrimp growth and nutrient uptake. India’s 

vast brackish water reserves make this particularly relevant. Lastly, dissolved oxygen (DO) 
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levels should be kept above 5 PPM, as oxygen is essential for metabolic processes and overall 

shrimp vitality. This can be maintained through aeration and appropriate water 

management practices. 

The APY Tool leverages AI-driven models and low-cost sensor networks to not only track 

these variables in real time but also provide farmers with predictive insights and actionable 

recommendations. By translating complex environmental data into user-friendly guidance, 

the tool empowers small and marginal farmers to make timely, data-informed decisions. 

This not only enhances productivity and product quality but also reduces resource inputs 

and supports long-term environmental sustainability. 

Despite the availability of advanced tools globally, the Indian aquaculture sector has been 

slow to adopt precision farming technologies at the grassroots level. Most small and 

marginal farmers still rely on traditional practices due to a lack of awareness, affordability 

constraints, and poor access to digital infrastructure. High-end sensor systems from 

countries like China and Indonesia are often cost-prohibitive, language-incompatible, or 

unsuitable for Indian water conditions. This creates a technology disconnect—where the 

science exists, but localized, accessible solutions do not. The APY Tool addresses this critical 

adoption gap by offering an intuitive, multilingual platform supported by low-cost, 

indigenous sensor technology, tailored specifically for the Indian aquaculture ecosystem. 

In doing so, NDT bridges a critical technology gap in India’s aquaculture sector—offering a 

scalable, affordable, and inclusive solution that aligns with national priorities under Digital 

India, Blue Economy, and Atmanirbhar Bharat. 

2.1 Current Progress (1500 Words) 
 

Digital Innovation- APY Tool Deployment and Technological Validation: NDT has emerged as a 

key innovator in the digital transformation of India’s aquaculture sector through the 

development and deployment of APY Tool. This Android-based application represents a critical 

step toward modernizing traditional aquaculture practices in alignment with national missions 

such as Digital India and the Blue Economy Policy. Unlike conventional, experience-based 

farming methods, the APY Tool leverages AI-driven predictive analytics to offer farmers 

real-time insights based on environmental parameters such as temperature, salinity, pH, 

stocking density, and dissolved oxygen. With predictive accuracy reaching up to 95%, the 

tool enables optimized decisions on feeding schedules, harvest planning, and risk mitigation, 

significantly improving productivity and sustainability. 
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The above graph shows the variation in shrimp biomass as influenced by temperature and 

stocking density, incorporating the impact of varying survival rates.  

NDT’s innovation sets India apart in the global aquaculture ecosystem, especially when 

compared to countries like China, where technological advancement is focused primarily on 

industrial-scale operations. In contrast, NDT’s APY Tool is designed with inclusivity in mind, 

democratizing access to precision farming for India’s small and marginal aquafarmers. 

The tool’s open architecture, mobile accessibility, and iterative learning feature—

which allows users to input actual farm results for model refinement—create a dynamic feedback 

loop that enhances the tool’s performance over time.  

Comprehensive System Architecture of the APY Analysis Tool:  

 

This bottom-up design philosophy ensures that technology adapts to local realities 

rather than imposing top-down solutions, which are often ill-suited to India's decentralized 

aquaculture sector. 
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Device specifications for the testing of the APY Tool: 

 

 

Below fig. shows the User Interface of the Shrimp APY Tool:  

a. Input screen for key environmental parameters such as temperature, stocking 

density, salinity, pH, dissolved oxygen, and cultivation duration. 

b. Output screen displaying yield predictions along with a dynamic graph illustrating 

shrimp weight vs. cultivation days. 

“Growth Rate Curve” feature that enables weekly monitoring of growth trends (in 

grams/week) to support informed farm management decisions. 
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Below Fig. shows the seaweed section of APY tool:  

a. Main screen for inputting farm environmental parameters (e.g., water temperature, 

seed stocking density, water depth, turbidity, sunlight, dissolved oxygen, and 

cultivation days) 

b. Predictions with a graph of seaweed biomass vs. cultivation days. 

c. "Growth Rate Curve" feature to track daily growth rate (%/day) variations throughout 

the cultivation period. 

 

On the backend, the APY Tool integrates Python-based regression models deployed via 

Flask APIs and hosted on PythonAnywhere. The app supports input of water quality 

parameters and returns yield predictions in structured JSON format. Farmers can view past 

entries and provide ground-truth data—such as actual biomass and final weight—to further 

refine predictions.  

Below Fig. shows the Registry Section of the APY Tool: 

a. Shrimp registry tracking the user's history with the shrimp APY Tool.  

b. Seaweed registry tracking the user's history with the seaweed APY Tool. 
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c. Option for users to report observed biomass and final weight to update and retrain the 

model with new data. 

 

This modular, scalable system architecture has laid the foundation for future 

enhancements, including integration with indigenous IoT sensor networks for continuous, real-

time monitoring. 

 

Community Engagement- Field Validation and Social Integration:  As part of its sustained efforts 

to promote inclusive innovation and community-driven digital transformation, the NDT 

undertook a strategically planned field engagement in Veraval, Gujarat—one of India’s key 

coastal hubs for aquaculture and seaweed farming. This visit had a dual purpose: to validate the 

APY Tool in dynamic, real-world farming environments, and to build trust-based partnerships 

with the fishing and seaweed cultivating communities. The engagement aligns with national 

programs such as Digital India, Skill India, and the Blue Economy Policy, by actively bridging 

the gap between advanced technological solutions and local livelihood systems. During the visit, 

the APY Tool was demonstrated to small and marginal fishers and seaweed farmers through 

interactive, boat-based sessions and village-level meetings. These demonstrations enabled real-

time user feedback, allowing NDT’s technical team to refine the tool based on practical 

constraints and environmental nuances specific to the region. 

The field visit also served as a deep listening exercise to capture the socio-economic 

realities and challenges of coastal households. Discussions revealed that while smartphone 
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ownership was relatively high, the cost of data recharges remains prohibitive, and technical 

literacy—especially among older fishers and women—is limited. Internet access, though present, 

is often unreliable in remote coastal stretches. Additionally, there was an expressed lack of 

institutional support, particularly in the absence of subsidies beyond diesel fuel, and no formal 

mechanism for minimum support pricing or post-harvest storage.  

 

 
 

Women play a central yet undervalued role in seafood processing and marketing, but face 

multiple systemic barriers, including lack of access to finance, training opportunities, and 

pervasive social constraints. 
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Environmental vulnerabilities such as the unpredictability of monsoon seasons and 

concerns over the theft or damage of sensors placed in the open marine environment were 

significant insights. Despite these barriers, the community responded with enthusiasm to the 

APY Tool’s core predictive features, especially its ability to generate yield estimates using 

variables like salinity, temperature, and stocking density. These matched well with traditional 

knowledge systems, where fishers already use refractometers and pH meters to make manual 

estimations.  

 
Importantly, the community did not passively receive the intervention—they offered 

proactive, grounded suggestions for deployment, including leveraging floating bamboo rafts, 

using underwater anchoring for sensors, and partnering with the local marine police for 

safeguarding equipment. 
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The NDT team responded to this feedback by incorporating several improvements into 

the APY Tool, such as multilingual interfaces, simplified input fields, and adaptive learning 

features that continuously refine predictions based on user-reported outcomes. Furthermore, 

the seaweed cultivation sites in both Veraval (Gujarat) and Ratnagiri (Maharashtra) were 

surveyed in detail by NDT’s engineering team to build a stronger regional understanding of 

ecological variations and cultivation patterns. These data-rich insights are now being fed back 

into the APY model for contextual customization. 

 
 

This field engagement reaffirmed NDT’s core philosophy: that sustainable and scalable digital 

transformation in India’s fisheries sector must be rooted in grassroots validation, iterative 

learning, and respect for traditional knowledge systems. It also demonstrated the potential of 

participatory design in fostering long-term technology adoption, positioning NDT as a trusted 

enabler of India’s transition to a resilient and inclusive blue economy. 
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2.2 Future work and Scale Up Strategy 

Building upon successful field validation and early deployments of the APY Tool, NDT aims 

to further enhance the platform’s technical robustness, reach, and real-world impact. The 

next phase focuses on leveraging indigenous IoT hardware to scale predictive, AI-powered 

aquaculture management across India’s diverse water systems. 

At the core of this effort lies the integration of real-time sensor data (e.g., temperature, pH, 

salinity, dissolved oxygen, and redox potential) into the APY Tool’s backend analytics, 

enabling more refined decision-making and yield forecasting for small-scale farmers. These 

low-cost, locally designed sensors will operate reliably across India’s extreme aquaculture 

environments, such as temperature ranges of 5–55°C, salinity gradients from 0 to 40 ppt, 

and dissolved oxygen variability from 0–18 mg/L. All sensors will be built to resist corrosion 

and energy fluctuations, with cloud-based architecture ensuring continuous operation even 

in remote or low-connectivity zones. 

The future roadmap includes deploying lightweight floating sensor modules using GPRS and 

BLE connectivity, allowing farmers to monitor water quality from their smartphones with 

minimal training. These systems will be accompanied by vernacular-language support, 

visual dashboards, and a growth-rate curve feature that tracks performance in real time. 

The commercial rollout will focus on manufacturing energy-efficient, corrosion-resistant 

sensor units at scale, with an error margin of less than ±1%, ensuring high fidelity in data-

driven predictions. Additionally, built-in UPS and modular SMPS units will support 

uninterrupted operations, even during power outages. 

NDT aims to deepen its policy-level integration by collaborating with government bodies for 

data-driven resource planning and scheme alignment. These efforts will help formalize 

digital identities for farmers, enabling easier access to credit, subsidies, and insurance, while 

reinforcing India’s long-term vision for a sustainable and inclusive blue economy. 

Workshops and training sessions will be conducted to help farmers interpret AI 

recommendations, optimize input usage, and reduce production waste. Based on pilot farm 

feedback, the APY Tool has already demonstrated the potential to increase yield by 25–40% 

and reduce input costs by up to 30%, validating its economic feasibility for widespread 

adoption. 
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3 Appendix 

 
3.1 Supporting Documentation 

Provide any documentation you believe supports this Project Proposal. It may be: 
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[7] TNAU Agritech portal- https://agritech.tnau.ac.in/fishery/fish_shrimps.html 
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