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Abstract

Telecommunications providers face mounting pressure to diversify revenue streams as
competition for traditional services intensifies and margins continue to shrink. At the same
time, rapid advances in network programmability and digital service enablement have
accelerated the rise of API-driven business models. CAMARA aligned Network APIs present
significant opportunity for telcos to monetize network intelligence by exposing trusted identity,
location, device readiness, network event triggers (such as geofence breach alerts or
movement notifications), and network quality signals (e.g., indicators of network performance,
latency, or reliability relevant to time sensitive farm operations) in a standardized, developer
friendly format

In parallel, the agriculture sector is confronting unprecedented volatility. Climate uncertainty,
fragile supply chains, fluctuating market conditions, and limited access to digital advisory tools
continue to restrict farm productivity—particularly in remote and underserved regions. This
raises an essential question: can monetizable telco capabilities directly address systemic
agricultural challenges while opening new digital revenue opportunities?

A compelling opportunity emerges when network intelligence is combined with real-time data
and localized context to deliver actionable Agri-Intelligence. Early validation of this concept
came through a prototype showcased in one of the APAC based Network Hackathon finale,
where it was recognized for its adoption potential, monetization feasibility, and practical
relevance.

Building on these insights, this paper proposes a cloud-native, CAMARA-aligned framework for
delivering resilient and inclusive precision agriculture services. The model emphasizes
low-friction onboarding, network-assisted farm anchoring, context-aware advisories, early
warnings for adverse weather and natural hazards, and network-enabled safety mechanisms. It
also extends into livestock monitoring, marketplace intelligence, and subscription-based digital
services—organized as modular capabilities adaptable to diverse regional contexts and digital
maturity levels.

By aligning telco innovation with agricultural priorities, this approach demonstrates a scalable
model where commercial growth and societal impact reinforce one another, strengthening
telco relevance while empowering farmers to adapt and thrive amid rising uncertainty.



1. Introduction

Agriculture is undergoing rapid change, shaped by shifting weather patterns, evolving market
conditions, and increasing pressure on productivity. Yet many farming communities continue to lack
simple, reliable, and context-aware digital support that can guide everyday decisions. The gap is not
in the availability of technology, but in its accessibility and adaptability to rural realities.

In parallel, the telecommunications industry is transitioning toward programmable networks and
open exposure models. CAMARA-aligned APIs now offer operators a standardized way to surface
network intelligence—location, device readiness, real-time event triggers (e.g., geofence entry/exit,
device movement), and quality signals (network performance measures such as bandwidth
availability or degraded service) —in forms that external applications can easily consume.
Agriculture, with its distributed operations and dependence on timely information, is well positioned
to benefit from these capabilities.

Introducing programmability into the connectivity layer creates an opportunity to deliver agricultural
insights that are both trustworthy and locally relevant. Instead of building monolithic platforms,
operators can enable modular, network-powered agricultural services that support farmers without
demanding high digital literacy.

This paper explores how such an approach can be structured, the architectural patterns that enable
it, and the role that network APIs can play in advancing resilient and inclusive precision agriculture.

2. Problem Statement and Architectural Considerations

A preliminary assessment of the Australian agricultural landscape revealed a set of structural
challenges that mirror conditions in many other agrarian regions. Key observations include:

Australian Context

e Vast geography: Australia spans 7.7 million km?, with ~58% of land used for agriculture;
much of it is remote and sparsely connected.

e High climate exposure: Farms experience recurring floods, droughts, bushfires, and
cyclones, often with limited early-warning mechanisms.

e FEconomic stakes: Agriculture contributes roughly AUD 80B annually, while
climate-related disruptions cost the sector an estimated AUD 4B each year.

e Operational isolation: Large distances and low population density make digital
outreach and service delivery more complex than in urban areas.
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Patterns Shared Globally

These challenges are not unique to Australia. Similar constraints appear across multiple
markets, especially in countries with rural dominance or climate-sensitive agriculture.
Commonly observed gaps include:

e Limited access to data-driven crop and livestock intelligence, further constrained by
low digital literacy.

e Delayed or non-localized disaster warnings, with little actionable guidance for
immediate response.

o Fragmented supply-chain and marketplace connectivity, affecting small and hyperlocal
producers disproportionately.

e High entry barriers to digital farming, including device costs, complex interfaces, and
assumptions of reliable connectivity.

These recurring patterns point to the need for a scalable, adaptable framework that can operate
effectively across diverse agricultural, climatic, and connectivity environments

Architectural Considerations

The proposed framework is designed to address these challenges through architectural
principles that support resilience, inclusivity, and monetizable network exposure:

e Low-cost entry with premium upgrade paths: Ensure adoption at scale through
accessible features while enabling advanced capabilities for more mature users and
markets. For that, indigenous way of Location retrieval APl or GPS of hand held device /
mobile can be used, instead of costly dedicated loT devices/ sensors/ GPS tracker.
However, they can be integrated to deliver more premium use cases

o Offline-first, resilient operations: Support environments with intermittent or weak
connectivity using local caching, lightweight data models, and graceful degradation

o Network-backed trust using CAMARA APIs: Use standardized APIs for identity and
location verification, device status checks, network event triggers (e.g., geofence
alerts), and qualityPlofPldelivery indicators to ground all workflow decisions in
authenticated network intelligence.

e Modular and incrementally adoptable capabilities: Allow operators, partners, and
regional ecosystems to integrate features progressively based on priorities and digital
maturity.

¢ Cloud-native and open-source—friendly patterns: Enable portability, extensibility, and
a lower cost of change through containerized services, API-first design, and open
standards.

o Responsible-by-design & Data governance: Embed consent, privacy protection, data
minimization, and safe Al-assisted advisories into the core architecture.

INfosys 4



o Elevated user experience for farmers and ecosystem actors: Use network-derived
insights to simplify decision-making, reduce manual overhead, and improve trust in
advisory flows.

3. Business Capabilities (Aspirational End State)

The aspired end state envisions a modular, trusted, and network-powered digital agriculture
ecosystem. Each capability is designed to be independently adoptable, enabling gradual
evolution from basic advisory to premium, data-driven services.

User & Profile: Core identity and farm/livestock onboarding features—registration, KYC,
multi-location profiles, alerts, support, and a simple knowledge hub that anchors all services to
a verified user footprint.

Crop Advisor: Personalized crop insights including planting calendars, crop
recommendations, PIN-based crop activation, and yield predictions tailored to local conditions.

Irrigation Advisor: Smart-watering guidance, rainfall monitoring, drought alerts, and adaptive
irrigation recommendations driven by weather and historical patterns.

Weather Intelligence: Real-time weather data, 14-day forecasts, agricultural micro-climate
updates, and contextual tips to support day-to-day farm decisions.

Disaster Management: Multi-hazard alerts (floods, storms, fire, drought, frost), safe-route
guidance, planned evacuations, and government relief notifications for timely risk response.

Livestock Management: Animal-health insights, vaccination schedules, extreme-weather
alerts, nutrition support, tele-consultations, and access to equipment or transport services.

Marketplace & Intelligence: Marketplace listings, verified buyer/seller directories, ratings,
and hyperlocal "best time to sell" signals to improve market participation.

OPS / Admin Portal: Unified operator portal for managing users, flows, notifications,
integrations, and operational monitoring.

Subscription Management & Billing: Flexible monetization including subscriptions, usage-
based billing, notifications, and dispute management.

SOS Emergency: One-touch emergency assistance with location-verified alerts, priority
network access, and community support resources.

Onboard AgTech Devices: Add, verify, and manage sensors or loT devices with simple
workflows aligned to farm use cases.

Smart Security Management: Motion-sensor protection, device-based location checks,
CCTV feed access, geofencing, and automated security notifications.
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User & Profile

* Registration & KYC

* Multi-Location
Management
(Farms/Livestock)

* Alerts & Notifications

* Support

* Knowledge Hub

Crop Advisor

* Personalization

* Planting Calendar

« Location-Based Crop
Recommendations

« PIN based crop
recommendations

* Yield Predictions

Irrigation Advisor

* SmartWatering
Guidance (When & How
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« DroughtAlerts
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Disaster Mgmt.

* Multi-Hazard Alerts
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* Vaccination Schedules

* ExtremeWeather Alerts

* Nutrition Management

* Nearby Vet Locator

* Telemedicine
Consultations

* Equipment Rental

= Transport Services

Marketplace & Intel

* Hyperlocal Product
Listings

* Verified Buyer/seller
Directory

* Ratings & Reviews

* Best-Time-to-Sell Alerts

OPS/ Admin Portal

* Manage Users

* Operational monitoring

* Simulations

* Notifications Mgmt.

« 3" party Integration
Management

Subscription

Management &

Billing

+ Manage Subscription

* Manage Billing

* Payments

* Raise & manage billing
dispute tickets

SOS El

+ One-Touch Emergency
* Priority Network Access
* Community Alerts

+ Emergency Resources

Onboard AgTech
Devices

* Add device

* Manage device

* loT Use Cases
Management

Smart Security
Mgmt.

Motion Sensor Mgmt.
Manage Geofences

Known device list
management

CCTV Feed
Management

Notification Mgmt.

4. Farm Fabric Platform & SmartAgri++ App

The solution architecture follows a cloud-first, containerized reference model:

Persona: Farmer, Partner(Buyer, Seller,

[ ] . :
@ Independent Service provider) am Persona:Admin

Progressive Web App i0S, Android

Offline First

Throttling ALB, Routing API Versioning WAF & DDoS Protection
Authentication

User Mgmt. Crop Advisar Irrigation Advisor Number Verification KYCMatch Weather

APIs for Meteorology, Soil
Governance, Agricultural
researchinstitutes

Location
Verification

Location based
Intelligence Feed

Livestock
Management

Disaster Location Retrieval Risk Scoring RAG &Vector DB
Management

Veterinary & utility service
providers

3 party markets

Payments

Network
++Many more

GenAl Model
Integration

Geofencing
Subscription

Analytics &
Enablement

Veterinary

Marketplace Saorinen

Knowledge Hub Camara QoD API

Subscription & Messaging API (Aspirational) Personalization
Billing Analytics

Emergency

Contact Module Responsible Al

AgTech Devices

Below are high level overview of each of the layers

e Client Layer: Mobile app and offline-first Progressive Web App; web portal for partners and
operations

e APl Gateway: Authentication/authorization, throttling, routing, APl versioning, WAF/DDoS
controls

e Services Layer: Modular microservices for user management, advisory modules, disaster

management, livestock, marketplace, subscriptions
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e Data Layer: Caching and persistence; analytics and intelligence enablement

e Intelligence Layer: Weather/market intelligence feeds; risk scoring; optional RAG + Vector DB;
GenAl model integration with personalization analytics

o Network Integration: CAMARA APIs (Number Verification, KYC Match, Location Retrieval,
Location Verification) with aspirational Messaging and QoD/Slice support

o  Observability: Metrics/logs monitoring and operational dashboards for the admin portal

5. CAMARA Network APIs Mapping

The following CAMARA Network APIs form the foundational enablers of the proposed agriculture
framework. Each API is mapped to a clear, tangible user benefit to highlight how network
exposure translates into trusted, actionable services

e Number Verification > trusted onboarding and reduced fraud during registration

e KYC Match > policy-driven identity verification and safer marketplace participation

e Location Retrieval > low-friction farm anchoring without always-on GPS tracking, without
deployment of additional devices

e Location Verification > confirms if a device or user is within a specified geographic zone,
enabling targeted alerts and secure, location-based service

e QoD / Network Slice > prioritized connectivity for critical notifications and safety
communications.

e Geofencing Subscription > event-driven alerts for intrusions, safety boundaries, and farm
security workflows.

e Messaging (aspirational) > reliable delivery of alerts, advisories, and SOS messages.

6. Key Workflows leveraging CAMARA APIs

Below are few samples’ workflows for different use cases, ranging from
Low-cost Onboarding Farm

Real time Natural disaster notification & actionable insights
Local & Hyperlocal marketplace

Farm Security
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Farm Onboarding (Low Cost)

1.Open tha App & 2. Number 3 rC Varification 4, Add Farm L| 7 Geradviseson E. Alerts on
subserioe the app Varification - Location Imigation Matural Calamities
Calamity Management

1. Farmer Receives 2. Farmer logs into 3'MG° ‘t" Disaster 4. Find Evacustien 5. Rafer to Aids 6. Invoke SOS if

Notifications/ Alert App gmai::e“ Plan svailable > neaded

Market Place

1. Farmer logs into 2. Getinto Market
‘ App H Place Section 3. Setpraferences

Farm Security

T Farmer raquests eofances are 3 For any entry or movament, motion
for Motion sensor, defined. trusted sensor sends the feed and correlatzs —
CCTV installstion devices added with Geotencini subscription data

5. Crop Advisor
Perscnalization

6. Get advices on
Crops

5. Offer crop for
patantial buyers, if 6. Initiate transaction
needed

A, Acoept existing
Demand or initiate
a nagotistion

T Farmer only gate = CCTVeed s streamed on
natifications for intruders, if | handheld device, Farmer can

they don’t have known device : either approve E nform police:

List of APIs used

Current & Futuristic APls

. Camara Number Verification AP|

. Camara KYC Match API

Location Retrieval API

Location Verification

Camara QoD /Network Slice Booking API
Camara Messaging APl (Aspirational)
Geofencing Subscription

Device Status (Aspirational)

I RN T

Low-Cost Farm Onboarding
o Verify mobile identity
o Anchor farm using network location (no GPS/loT)
o Optional KYC for marketplace trust

Improvements: Faster onboarding, low device dependency, verified identity & location.
APIs: Number Verification, KYC Match, Location Retrieval

Disaster Alerts & Action
o Hazard eventreceived
o Checkif userisinside affected zone
o Priority delivery of alert + simple action tip

Improvements: Fewer false alerts, reliable delivery in congestion, hyperlocal guidance.
APIs: Location Verification, QoD/Slice, Messaging (aspirational)

Hyperlocal Marketplace
o Suggest listings based on farm & season
o Verified buyers/sellers
o Price nudges for the farmer’s zone

Improvements: Fraud reduction, better price discovery, location-aware recommendations.
APIs: KYC Match, Location Retrieval, Geofencing Subscription

INfosys 8



Farm & Livestock Security
o Define geofences for farm/livestock
o Entry/exit triggers generate instant alerts
o Optional escalation to family/community

Improvements: Works without loT trackers, early warning on movement, easy upgrade path.
APIs: Geofencing Subscription, Location Verification, Messaging (aspirational)

7. Security, Privacy, and Responsible Al

For production readiness, below are clear guardrails:

e Consentand purpose limitation for location-based services; transparent user controls.
e At least privilege access for admin functions and integrations.

e Data minimization: store anchored farm locations and necessary metadata; avoid

continuous tracking unless explicitly opted in.
e Secureinterfaces: TLS, token-based auth, rate limiting, and audit logging.

e Responsible Al: keep safety-critical alerts deterministic; use GenAl only for explainable

guidance with uncertainty cues and citations.

8. Open Source Building Blocks and Extensibility

A practical reference implementation can be assembled using common open-source building

blocks:

e Kubernetes for orchestration and scalable microservices deployment (K3s, Rancher,

HashiCorp Nomad etc.)

o GitOps tooling for repeatable deployments and configuration drift control (Argo CD, FluxCD,

Jenkins X etc.)

e Observability stack for metrics/logs/traces and operational SLO monitoring (Prometheus +

Grafana, Loki, ELK/Elastic Stack, OpenTelemetry, Jaeger etc. )

e OpenStreetMap for mapping and farm visualization; geospatial libraries for zone

computations (MapLibre, Leaflet, OpenLayers, PostGIS, GeoServer are few options)

e Policy engines for security governance; service mesh patterns were required (OPA/OPA

Gatekeeper, Kyverno, Istio, Linkerd, Consul Service Mesh etc

e Vector DB + RAG frameworks (optional) for knowledge retrieval and explainable

advisories.Open-source options include OpenSearch (vector), Milvus, Weaviate;

LangChain, Llamalndex, Haystack etc.
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9. Impact and Monetization

Monetization options are designed to remain affordable for farmers while scalable for
ecosystem players.

There are three key streams,

o Direct Revenue from Farmers
o Revenue through Enterprise while labelling or Partnership
o Data & APl based economy

Direct Revenue from Farmers Enterprise & Ecosystem Data & APl Economy

o Subscription Model (monthly/annual o Enterprise Partnerships o Data-as-a-Service (Govt, policy makers)
tiered fees for advisory, alerts (Agri businesses, cooperatives), Example: Expose insights to policy makers,
marketplace) marketplace revenue share other consumers

Example: based on subscription level (Lite, Example: Large Agricorporations across

Pro, Master), more functionalities can be AU or Globe adopts solution, for all farms

enabled o Advertising & Sponsored Content

(fertilizers, seeds, equipment)
o White-Label Licensing (telecom

o Transaction Commission (low operators, Agri-tech firms)
subscription, small % per transaction)

Examples: A new Fertilizer producer gets
premium listing

Example: Platform is white labelled and

Example: based on transaction value a relaunched for a fees

small percentage can be charged

Conclusion

The proposed framework illustrates how CAMARA Network APls can serve as foundational rural
digital infrastructure—enabling trusted onboarding, verified location intelligence, and precise,
context-aware alerts during critical events. By organizing these capabilities into modular
building blocks across advisory services, disaster resilience, livestock management,
marketplace intelligence, subscription models, and farm security, the solution can scale from
prototype to broad deployment without compromising simplicity or accessibility for end users.

The objective remains clear: deliver meaningful connectivity to communities that need it most,
using an architecture that is open, composable, and resilient enough for ecosystem-wide
innovation. At the same time, the framework unlocks new monetization pathways for operators
by activating one of their most underutilized assets “network data and insights” and
transforming them into high-value, sector-specific digital services.
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