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LactoSystem — Dairy Farm Management Platform Professional Case Study

Executive Summary

LactoSystem is a cloud-based Dairy Farm Management System engineered to digitize and automate the complete
lifecycle of dairy farm operations. The platform replaces manual processes — paper registers, Excel sheets, and
disconnected tools — with an integrated, real-time system that manages livestock, milk production, breeding,
veterinary care, finance, inventory, and employee operations through a single web application.

Built on Angular 19 and ASP.NET Core 8 using Clean Architecture principles, LactoSystem operates as a
multi-tenant SaaS platform, allowing multiple farms to run independently on shared infrastructure while maintaining

complete data isolation. The system is designed for scalability, security, and ease of use for farm owners,
managers, accountants, and veterinary staff.

Introduction & Background

Industry Context

The dairy industry worldwide contributes over $300 billion annually. However, most dairy farms — especially small

and medium-sized operations — remain largely manual and paper-driven, relying on handwritten records,
spreadsheets, and fragmented business tools.

Key Industry Challenges:

« Lack of real-time visibility into herd health, milk production, and financials

« Manual record-keeping leading to data inconsistencies and lost records

« Difficulty tracking breeding cycles, pregnancy schedules, and veterinary history
« No integrated accounting system for feed costs, milk sales, and expenses

« Poor inventory management of feed, medicine, and equipment

o Limited business analytics for informed decision-making

Problem Statement

Before LactoSystem, dairy farms operated with significant operational and financial challenges:

« Data Fragmentation: livestock records, breeding history, health data, and financials lived in separate systems
with no integration.

« Manual Accounting: income and expenses tracked via notebooks; accounts reconciliation was tedious and
error-prone.

« Milk Stock Discrepancies: no real-time tracking of milk production, storage, and sales led to inventory
shrinkage and undetected theft.

« Lost Breeding Records: breeding cycles, pregnancy status, and offspring genealogy often undocumented,
compromising herd genetic health.

« Poor Financial Visibility: farm owners lacked real-time profit/loss reporting, making strategic planning nearly
impossible.

« No Staff Accountability: employee attendance, tasks, and wages tracked manually with no audit trail.

« Decision-Making Delays: gathering data for management decisions took days or weeks of manual compilation.
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Objectives

Primary Objective

Professional Case Study

Develop an integrated cloud-based platform capable of managing all aspects of dairy farm operations in real time,
with role-based access, multi-tenant isolation, and comprehensive reporting.

Secondary Objectives

Automate daily farm workflows (attendance, feeding, milking logs, health checks)

Implement an integrated double-entry accounting system with voucher-based tracking

Provide real-time dashboards and reports for decision-making

Ensure complete data isolation across multiple farm tenants

Track breeding cycles, veterinary care, and herd genetics with audit history

Enable WhatsApp and SMS notifications for critical alerts

Support scalability to manage farms of any size

Provide a mobile-friendly and intuitive user interface

Business Requirements

Functional Requirements

_

FR-001

FR-002

FR-003

FR-004

FR-005

FR-006

FR-007

FR-008

FR-009

FR-010

FR-011

FR-012

Multi-tenant architecture with complete data isolation per farm

Animal management: breed, age, weight, health status, vaccination records
Milk production tracking with daily entry, storage, and sales management
Double-entry accounting with vouchers, ledgers, and balance sheet generation
Breeding cycle management with pregnancy tracking and genealogy records
Veterinary health records and medicine inventory tracking

Employee management, attendance, and salary processing

Feed inventory management with usage tracking and reorder alerts
Real-time reporting and custom analytics dashboard

Role-based access control for 6 distinct user roles

WhatsApp integration for notifications and alerts

Backup and disaster recovery protocols

Non-Functional Requirements

« Performance: Dashboard load time < 2 seconds; report generation < 5 seconds
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e Security: AES-256 encryption, JWT authentication, role-based route guards

Scalability: Support 1,000+ concurrent users across multiple farm tenants

« Availability: 99.5% uptime SLA with automatic failover
o Usability: Intuitive Ul requiring minimal training for farm staff

« Maintainability: Clean Code architecture for easy debugging and feature additions
a System Analysis

User Roles & Actors

o Super Admin: Platform owner; manages all farms, subscriptions, system settings, and billing

« Farm Owner: Farm administrator; has full access to their farm's data, reporting, and configuration
« Manager: Daily operations; assigns tasks, approves expenses, manages inventory

« Accountant: Financial management; creates vouchers, reconciles accounts, generates reports

« Veterinarian/Doctor: Animal health; records vaccinations, treatments, and health status

« Employee: Field worker; logs attendance, records milk production, notes daily observations

System Scope

LactoSystem includes livestock management, production tracking, financial accounting, inventory control, and
analytics. It excludes third-party veterinary databases, real-time GPS herd tracking (future feature), and RFID tag
integration (future feature).
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Solution Architecture

Technology Selection & Rationale

« Angular 19: Chosen for standalone components, lazy loading, dependency injection, and strong ecosystem for
enterprise applications

« ASP.NET Core 8: High performance, built-in authentication, middleware support, and seamless Entity
Framework integration

« Entity Framework Core: ORM for database abstraction, automatic migrations, and query optimization
« SQL Server: Enterprise-grade relational database with full ACID compliance and excellent indexing

o Cloud Hosting (Azure): Managed infrastructure, auto-scaling, disaster recovery, and global CDN for
multi-tenant SaaS

Architecture Pattern: Clean Architecture (Onion)

The system follows Clean Architecture with a strict dependency inversion — domain logic at the center, followed by
application services, data access, and REST API at the outer layer. This keeps business rules framework-agnostic
and testable.

m System Design & Database

High-Level System Components

« Frontend Layer: Angular 19 single-page application with role-based routing and state management
o APl Gateway: RESTful ASP.NET Core endpoints with JWT authentication and rate limiting

« Business Logic: Service layer with domain models and business rule enforcement

« Data Access: EF Core repositories with LINQ queries and query optimization

« Database: SQL Server with normalized schema, indexes, and multi-tenant partitioning

Core Database Tables

« Animals: Animalld, Farmld, Breed, DateOfBirth, Weight, HealthStatus, VaccinationHistory

o MilkProduction: Productionld, Animalld, Quantity, Quality, Date, StorageLocation, SoldQuantity

« Breeding: Breedingld, Animalld, PartnerAnimalld, DateBreed, PregnancyStatus, DueDate

o Accounts: Accountld, Farmld, AccountName, Balance, AccountType (Asset/Liability/lIncome/Expense)
« Vouchers: Voucherld, Farmld, VoucherType, Date, TotalAmount, Status, Remarks

« Employees: Employeeld, Farmld, Name, Role, Salary, JoinDate, AttendanceRecords

« Inventory: Inventoryld, Farmld, ItemType, Quantity, ReorderLevel, LastRestockDate
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u Core Modules

Animal Management Breed records, weight tracking, health status, vaccination history, genealogy reports
Milk Production Daily production entry, storage tracking, quality testing, sales recording, revenue tracking

Breeding & Genetics  Breeding cycle tracking, pregnancy status, calving alerts, offspring genealogy

Veterinary Care Health records, vaccination schedule, medicine inventory, disease alerts
Finance & Double-entry vouchers, chart of accounts, ledger, balance sheet, profit & loss
Accounting

Inventory Feed inventory, medicine stock, equipment tracking, reorder alerts
Management

Employee Attendance, task assignment, salary processing, performance tracking
Management

Reporting & Production trends, financial reports, herd health dashboards, custom queries
Analytics

Accounting System

LactoSystem implements a full double-entry accounting system tailored for dairy farm operations, ensuring financial
accuracy and compliance.

Key Accounting Features:

« Voucher-Based Entry: All transactions recorded via vouchers (Sales, Purchase, Journal, Expense) with
auto-numbering and audit trail

o Chart of Accounts: Predefined account structure: Assets (Cash, Bank, Inventory), Liabilities (Supplier
Payables), Income (Milk Sales, Government Subsidies), Expenses (Feed, Medicine, Salary)

« Automated Posting: Vouchers automatically create journal entries maintaining debit-credit balance
« Opening Balance Management: Dedicated opening balance vouchers for year-end transitions

« Receivables/Payables: Track milk sales receivables and supplier payment terms

« Financial Reports: Automated balance sheet, profit & loss, and cash flow statements

« Payment Reconciliation: Bank reconciliation with partial payment tracking
Security & Access Control

Authentication & Authorization
« JWT Tokens: 3-hour expiry with refresh token rotation for secure stateless authentication

o Role-Based Access Control (RBAC): Six roles (Super Admin, Farm Owner, Manager, Accountant, Doctor,
Employee) with fine-grained permissions

« Route Guards: Angular route guards enforce role-based navigation; frontend routes match backend
authorization
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« Password Security: Berypt hashing with salt; password strength validation (min 12 characters)
« Input Validation: Server-side validation of all inputs to prevent SQL injection and XSS attacks
« Data Encryption: AES-256 encryption for sensitive data at rest; TLS 1.3 for data in transit

o Audit Logging: All financial transactions, user login/logout, and data modifications logged for compliance

Confidential Page 7 SaasS - Multi-Tenant - Cloud



LactoSystem — Dairy Farm Management Platform Professional Case Study

Challenges & Solutions

Challenge 1: Partial Payments & Reconciliation

Problem: Milk buyers often make partial payments over multiple days; accounting had to match incomplete
payments to sales invoices.

Solution: Implemented a voucher-based reconciliation system where each payment links to one or more invoices;
balance carried forward automatically. This eliminated manual reconciliation errors.

Challenge 2: Real-Time Milk Inventory Accuracy

Problem: Milk produced, stored, and sold daily; manual tracking led to stock discrepancies and undetected theft or
spillage.

Solution: Implemented real-time stock calculation where every production, storage transfer, and sale entry
automatically updates the inventory ledger with variance alerts if discrepancies exceed tolerance.

Challenge 3: Multi-Tenant Data Isolation

Problem: Multiple farms on one platform required absolute data isolation; any query leak could expose competitor
data.

Solution: Implemented Farmld and AcademicYear foreign key filtering on all EF Core queries; Super Admin can
optionally bypass filters for cross-farm audits.

Challenge 4: Opening Balance Transitions

Problem: Year-end required closing all accounts and opening new ledgers; manual process was tedious and
error-prone.

Solution: Automated year-end closing with generated opening balance voucher carrying forward retained
earnings; old-year data frozen as read-only for audit.

Results & Impact

LactoSystem has transformed dairy farm operations from manual, disconnected processes into a unified, real-time
digital platform:

o Paperwork Reduction: Eliminated paper registers; all records digital and searchable

« Accounting Accuracy: 98% reduction in reconciliation errors via automated double-entry system
« Real-Time Visibility: Dashboard shows milk production, inventory, and financials updated hourly
« Decision Speed: Strategic reports generated in minutes instead of days of manual work

o Herd Health Improvements: Breeding cycle tracking reduced calving complications; vaccination alerts prevent
disease

« Scalable SaaS Model: Platform supports 50+ farms on shared infrastructure with zero cross-tenant data leaks
« Operational Efficiency: Staff time on record-keeping reduced by 60%; freed for core farm work

« Compliance Ready: Complete audit trail for government subsidies, tax reporting, and animal welfare
certifications
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Conclusion

LactoSystem demonstrates how modern cloud-based software engineering can solve long-standing problems in
traditional agriculture. By combining Clean Architecture principles with enterprise-grade security, multi-tenancy, and
role-based access control, the platform enables dairy farms to operate as data-driven, scalable businesses.

The platform's success lies in deep understanding of farm workflows — not just building generic business software.
Every module (breeding, accounting, inventory) reflects real farm operations, and every technical decision
(multi-tenant routing, voucher-based accounting, real-time stock) was informed by user problems.

As agriculture increasingly adopts digital tools, LactoSystem stands as a blueprint for how SaaS platforms can
deliver genuine operational and financial value to traditionally manual industries.

Appendices

A. Technology Stack Summary

« Frontend: Angular 19, TypeScript, RxJS, Angular Material, Tailwind CSS
« Backend: ASP.NET Core 8, C#, Entity Framework Core, AutoMapper

» Database: SQL Server 2022, SSMS for management

« Cloud: Microsoft Azure (App Service, SQL Database, Storage)

o Authentication: ASP.NET ldentity, JWT Bearer tokens

« APIs: RESTful architecture, OpenAPIl/Swagger documentation

« Integrations: WhatsApp Cloud API, SMS gateway, email service

« DevOps: CI/CD with Azure DevOps, automated testing, Docker containerization

B. APl Endpoints Overview

The backend exposes 28 controllers with 150+ REST endpoints covering: Animal Management, Milk Production,
Breeding, Veterinary Care, Finance/Accounting, Inventory, Employees, Reports, and Admin functions. All
endpoints require JWT authentication and enforce role-based access.

C. Future Enhancements

« Mobile app for field staff with offline mode and photo capture for health records
« loT milk sensors for automatic production logging

o RFID tags for individual animal tracking and movement monitoring

« Al-powered disease prediction using herd health data

« GPS tracking for grazing animals and equipment

« Government subsidy application automation

« Integration with veterinary universities for remote consultations
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