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iVerify: Offline Agricultural Verification 
Using Android Technology 

Executive Summary 

The iVerify platform transforms ordinary smartphones into comprehensive agricultural verification 
tools, enabling smallholder farmers to achieve EU Deforestation Regulation (EUDR) compliance and 
access premium markets without internet connectivity. By leveraging GPS satellites, onboard 
computing power, and expandable microSD storage, the system provides field-to-ledger traceability 
that operates entirely offline. 

Problem Statement 

The global cocoa traceability market presents a $25.48 billion opportunity driven by EU 
Deforestation Regulation (EUDR) compliance requirements, yet current solutions fail to serve the 
5-6 million smallholder farmers who produce the majority of global cocoa. Traditional systems 
suffer from connectivity dependencies and token-intensive data management, creating barriers for 
rural producers who need verification most. 

Regulatory Requirements 

●​ EUDR Compliance Deadline: December 30, 2025 
●​ GPS Precision Required: Six-decimal place coordinates for all production plots 
●​ Deforestation Proof: Documentation since December 31, 2020 
●​ Chain of Custody: Complete traceability from farm to export 

Current Market Gaps 
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●​ Rural internet connectivity under 15% in target regions 
●​ Laboratory pesticide testing costs $50-100 per sample with weeks of delay 
●​ Pesticide-free cocoa commands premiums of $300-600 per metric ton, yet verification 

remains inaccessible 

Dual-Method Workflow: Immediate Response + 
Comprehensive Analysis 

Stage 1: Capture (Farmer Operation) 

Field Data Collection: 

●​ Farmer captures 5 DNG photos per lot: beans + reagents + calibration reference 
●​ Automatic metadata embedding: GPS coordinates, timestamp, unique seal ID 
●​ Offline operation ensures no connectivity dependencies 
●​ Raw image format preserves maximum color accuracy for analysis 

Two-Tier Intelligence Architecture 

Tier 1: On-Device Immediate Feedback 

Scope & Capabilities: 

●​ Moisture (Hydricity) Classification: Quick determination of drying adequacy 
●​ Pesticide Reagent Analysis: Pass/fail determination with confidence scoring 
●​ Processing Time: Results delivered in under 5 seconds 
●​ Connectivity Requirement: None - operates completely offline 

Technical Implementation: 

●​ Lightweight Rule-Based Engine: Simple threshold algorithms for immediate classification 
●​ Tiny ML Models: Quantized models under 2MB for pattern recognition 
●​ Local Processing: All computation occurs on-device using smartphone CPU/GPU 
●​ No Data Dependency: Functions without any external data or network access 

Farmer Value Proposition: 

●​ Immediate Decision Support: Know instantly if beans are "dry enough" for storage/sale 
●​ Contamination Detection: Real-time pesticide presence alerts 

________________________________________________ 
© North Star Group, Inc. 2025 All rights reserved.  

19901 Quail Circle 
Fairhope AL 36532 

701-770-9118michaelh@nsgia.com  ​
Page 2​

 



None

iVerify: Offline Agricultural Verification Using Android Technology | North Star Group, Inc.  

 

●​ Universal Access: Works in most remote locations without infrastructure 

Output Format: 

Moisture: ✔ READY (12% moisture detected) 

Pesticide: ⚠ DETECTED (Confidence: 87%) 

Action: Dry 24 hours longer, retest before sale 

Tier 2: Cloud/LLM-Enhanced Analysis 

Upload Process: 

●​ RAW/DNG Images: Full resolution uploads when farmers reach cellular/Wi-Fi coverage 
●​ Batch Processing: Multiple lots analyzed simultaneously for efficiency 
●​ Differential Sync: Only new data uploaded, minimizing bandwidth usage 

Advanced Processing Pipeline: 

●​ Large Language Model + Vision Model: Reviews complete DNG image sets 
●​ Cross-Reference Analysis: Compares against hundreds of regional samples 
●​ Trend Detection: Identifies emerging patterns across farmer network 
●​ Quality Grading: Comprehensive assessment beyond basic pass/fail 

Enhanced Report Generation: Human-readable analysis with specific recommendations: 

*"Lot 023 Analysis Report: 

●​ Safety Status: LIKELY SAFE for export 
●​ Moisture Level: BORDERLINE (13.2%) - recommend additional drying 
●​ Color Analysis: Suggests potential early-stage fungal contamination 
●​ Recommendation: Dry 24 hours longer, separate from other lots 
●​ Market Suitability: Suitable for standard markets, monitor before premium submission"* 

Dual-Record System: 

●​ Local Decision: Smartphone's immediate analysis permanently stored 
●​ Cloud Decision: Enhanced analysis linked to same lot 
●​ Traceability Chain: Both decisions recorded in blockchain custody system 
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●​ Audit Trail: Complete history of local vs enhanced decision accuracy 

Technical Benefits of Two-Tier System 

Immediate Operational Value: 

●​ Farmers never wait for connectivity to make time-sensitive decisions 
●​ Basic quality control prevents obvious problems at source 
●​ Reduces waste from premature harvest or inadequate processing 

Enhanced Intelligence Benefits: 

●​ Sophisticated pattern recognition detects subtle quality issues 
●​ Regional trend analysis provides early warning systems 
●​ Buyer confidence through comprehensive documentation 
●​ Continuous improvement of local models through cloud learning 

Data Architecture: 

Local Processing: Photo → Rules Engine → Immediate Result 

     ↓ 

Queue Storage: Results + Images → Sync When Available 

     ↓ 

Cloud Processing: LLM Analysis → Enhanced Report → Blockchain 
Record 

     ↓ 

Feedback Loop: Model Updates → Local App Enhancement 

This architecture ensures farmers receive immediate value while building comprehensive 
intelligence that improves decision-making for the entire network over time. 

Stage 3: Local Storage (Data Sovereignty) 

Offline Archive: 

●​ Data packaged into secure lot folders with cryptographic hashes 
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●​ Complete audit trail maintained on farmer's device 
●​ Immutable local record ensuring farmer data ownership 
●​ Backup redundancy across microSD and internal storage 

Stage 4: Cloud Upload (Connectivity Window) 

Batch Synchronization: 

●​ Images and metadata synced when internet access available 
●​ Blockchain/distributed ledger entries created for immutable provenance 
●​ Differential upload minimizes bandwidth requirements 
●​ Encrypted transmission maintains data security 

Stage 5: LLM + Advanced Analysis (Enhanced Intelligence) 

Comprehensive Pattern Recognition: 

●​ Cross-reference hundreds of samples for regional disease patterns 
●​ Large language models identify subtle anomalies invisible to simple rules 
●​ Generate detailed buyer compliance reports with confidence intervals 
●​ Produce farmer-specific improvement recommendations 
●​ Detect early warning signs of emerging agricultural challenges 

Stage 6: Feedback Loop (Knowledge Building) 

Continuous Improvement: 

●​ Farmers receive enhanced analysis reports with specific guidance 
●​ University partnerships and agricultural researchers contribute to dataset enrichment 
●​ Digital Help Manual development: AI-generated, locally relevant farming guidance 
●​ Model updates pushed to app during connectivity windows 
●​ Community knowledge base grows with each farmer contribution 

Workflow Benefits 

Immediate Value (Stages 1-3) 

●​ Instant Decision Making: Farmers get immediate feedback for time-sensitive decisions 
●​ Offline Capability: No dependency on connectivity for basic operations 
●​ Data Ownership: Complete local record provides farmer autonomy 
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Enhanced Value (Stages 4-6) 

●​ Premium Market Access: Comprehensive documentation meets buyer requirements 
●​ Predictive Insights: Pattern recognition identifies trends before problems emerge 
●​ Knowledge Transfer: Advanced analysis becomes accessible farmer guidance 

Technical Implementation 

Edge Computing Architecture: 

●​ Critical decisions processed locally using lightweight models 
●​ Advanced analysis leverages cloud computing power when available 
●​ Hybrid approach maximizes both responsiveness and analytical depth 

Data Pipeline: 

Farmer Photo → Local Analysis → Immediate Result 

     ↓ 

Local Storage → Sync Queue → Cloud Upload 

     ↓ 

Advanced Analysis → Insights → Farmer Feedback 

Detailed Implementation Protocol 

Farmer Capture Protocol (Field Operations) 

Setup Requirements 

Physical Setup: 

●​ Surface: Place beans on matte surface to eliminate reflections 
●​ Calibration Reference: Include color calibration card (mini) in every frame 
●​ Lighting: Indirect daylight or LED panel; avoid harsh shadows 
●​ Camera Configuration: Auto-exposure lock after first frame for consistency 
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Camera Settings: 

●​ Format: RAW/DNG + parallel JPEG preview for immediate viewing 
●​ Focus: Fixed focus macro mode for consistent close-up captures 
●​ White Balance: Disable auto-WB (RAW preserves sensor data for processing) 

5-Frame Capture Series 

Frame Sequence: 

1.​ F1 (Reference): Beans + calibration card, no reagent applied 
2.​ F2-F5 (Reagents A-D): Apply different reagents to separate beans, one close-up per reagent 

Framing Standards: 

●​ Consistent Positioning: Maintain same angle and distance across all frames 
●​ Calibration Card: Must occupy ≥10% of frame area for accurate detection 
●​ Bean Coverage: Bean fills ≥40% of frame for detailed analysis 
●​ Quality Control: Avoid motion blur, ensure adequate lighting 

File Organization and Storage 

Local Storage Structure 

Directory Organization: 

/iVerify/<DATE>_<LOTID>/ 

├── GHA-ALX-001_REF_F1.dng 

├── GHA-ALX-001_PestA_F2.dng 

├── GHA-ALX-001_PestB_F3.dng 

├── GHA-ALX-001_PestC_F4.dng 

└── GHA-ALX-001_PestD_F5.dng 

Metadata Embedding: 

●​ EXIF/XMP Tags: lot_id, seal_no, GPS coordinates, timestamp, reagent type 
●​ Write-Once Policy: Prevents tampering with critical traceability data 
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●​ Cryptographic Hashing: File integrity verification for buyer confidence 

Storage Requirements: 

●​ Per Lot: ~20-25 MB/DNG × 5 frames ≈ 100-125 MB total 
●​ JPEG Previews: Additional 2-5 MB for immediate viewing 
●​ Capacity Planning: Mid-range phone accommodates 150+ lots per 20GB 

On-Device Processing Pipeline 

Stage A: Calibration and Normalization 

Color Calibration Process: 

1.​ Card Detection: Automatically locate calibration card in frame 
2.​ Color Transform: Compute per-channel 3×3 color correction matrix from card patches 
3.​ Illumination Correction: Apply transform to bean ROI, correct for lens color cast 
4.​ Quality Validation: Compute ΔE00 to canonical card values, reject if mean ΔE > threshold 

Stage B: Region of Interest (ROI) Extraction 

Automated Segmentation: 

●​ Bean Detection: Segment beans using color + edge detection on reference frame 
●​ Mask Propagation: Apply bean mask to reagent frames using homography/feature 

matching 
●​ Glare Rejection: Remove specular highlights using intensity + saturation thresholds 
●​ Manual Fallback: User can adjust ROI if automatic detection fails 

Stage C: Moisture (Hydricity) Analysis 

Feature Extraction from Reference Frame: 

●​ Color Metrics: Median L* (lightness), chroma (C*) values 
●​ Surface Analysis: Specular ratio, texture metrics (GLCM contrast, entropy) 
●​ Stability Testing: Hue consistency across micro-jitter crops 

Classification Model: 

●​ Architecture: Logistic regression or gradient-boosted trees trained on labeled reference 
sets 

●​ Output: MoistureClass ∈ {Dry, Borderline, Wet} with confidence scoring 
●​ Calibration: Platt scaling for confidence estimation 
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Stage D: Pesticide Response Analysis 

Per-Reagent Processing (F2-F5): 

●​ Color Change Detection: Compute Δcolor vs reference within same bean ROI 
●​ Metrics: ΔE00, ΔHue, ΔSaturation vectors plus localized change maps 
●​ Decision Rules: Compare against reagent-specific learned thresholds 
●​ Output: Positive/Negative/Inconclusive + confidence per reagent 

Stage E: Quality Control and Decision Aggregation 

Consistency Validation: 

●​ Contamination Check: Reagent-specific positives shouldn't appear in reference frame 
●​ Confidence Aggregation: Combine per-frame confidences into lot-level A/B/C rating 
●​ Auto-Reject Criteria: Poor calibration, excessive glare, insufficient bean ROI, motion blur 

User Interface Design 

Instant Farmer Feedback 

Traffic Light System: 

●​ Moisture Status: 
○​ Dry = Green ✔ 
○​ Borderline = Yellow ⚠ 
○​ Wet = Amber (avoid red per farmer preference) 

●​ Pesticide Results: Checkmarks or warning icons with confidence bars per reagent A-D 

Actionable Guidance: 

●​ Problem Identification: "Low light" / "Card not detected" / "Reagent not visible" 
●​ Re-shoot Prompts: Specific instructions for correcting capture issues 
●​ Storage Management: Space remaining indicator, auto-purge old JPEG previews 

Buyer Documentation 

Offline Report Generation: 

●​ Format: HTML/PDF generated on-device for immediate availability 
●​ Content: Thumbnails, per-reagent analysis, moisture classification, seal photo, 

GPS/timestamp 
●​ Integrity: Cryptographic hashes of DNGs and EXIF/XMP blocks for verification 
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●​ Distribution: QR code or Bluetooth sharing when no internet; sync when online 

Data Management Architecture 

Local Database Schema (SQLite) 

Core Tables: 

lots(lot_id, seal_no, site_gps, created_at, status, 
dng_hashes_json, qc_flags) 

frames(lot_id, frame_id, reagent, file_path, calib_ok, roi_json, 
features_json)   

results(lot_id, moisture_class, moisture_conf, pestA, pestA_conf, 
pestB, pestB_conf, pestC, pestC_conf, pestD, pestD_conf, 
final_grade) 

Model Development Strategy 

Bootstrapping Approach: 

1.​ V1 Launch: Rules + thresholds using calibrated ΔE, ΔHue for immediate deployment 
2.​ Data Collection: Log anonymized features (not images) for model refinement 
3.​ Model Training: Develop tiny ML models from hundreds of labeled sets 
4.​ Updates: Ship refined models as on-device updates when connectivity available 

Implementation Roadmap 

Sprint-Based Development (1-2 Day Blocks) 

Phase 1: Core Capture 

●​ DNG capture + naming conventions + EXIF tagging 
●​ File organization and storage management 

Phase 2: Calibration System 

●​ Card detection algorithms + calibration pipeline 
●​ ΔE quality gate implementation 
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Phase 3: Analysis Engine 

●​ ROI extraction + feature computation 
●​ Threshold rules for moisture and reagent analysis 

Phase 4: User Experience 

●​ UI feedback system + traffic light indicators 
●​ Lot report generation and export 

Phase 5: Enhancement 

●​ Model toggle for tiny ML integration 
●​ Advanced quality control and edge case handling 

Edge Case Management 

Common Field Challenges 

Variable Lighting: Enforce card detection or block decision; offer LED panel accessory Dark Bean 

Varieties: Emphasize texture + specular features over color-only analysis Reagent Application 
Issues: Detect insufficient reagent coverage, prompt retest Environmental Contamination: 
Pre-capture checklist with dust/mud detection 

Visual Documentation Framework 

Comprehensive Image Series for iVerify System Components 

The iVerify platform is documented through a cohesive series of visual concepts that illustrate each 
technical module while maintaining consistent design elements: warm greens and yellows for 
agricultural environments, bright accent colors for technology elements, and blue UI components 
for digital interfaces. 

Image 1: Field Data Capture Module 

Visual Elements: 

●​ Farmer with low-cost smartphone capturing GPS data in agricultural field 
●​ Field boundary outlined in green overlay showing precise mapping capability 
●​ Satellite icon overhead with light-blue GPS connection lines 
●​ Optional: Motorcycle with RTK antenna in background for enhanced precision mapping 
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Technical Message: GPS satellites provide always-on positioning data without cellular connectivity, 
enabling precise farm boundary mapping using existing smartphones. 

Image 2: Pesticide Verification Module 

Visual Elements: 

●​ Small reagent bottle with brush applicator, farmer testing leaf or bean sample 
●​ Bright color reference card (yellow/green comparison chart) for calibration 
●​ Smartphone camera capturing colorimetric test results 
●​ Close-up view showing color change detection process 

Technical Message: Simple chemical reactions combined with smartphone color analysis provide 
laboratory-quality pesticide detection at $0.30 per test versus $50-100 laboratory costs. 

Image 3: Tamper-Evident Custody Seal Module 

Visual Elements: 

●​ Jute cocoa bag secured with bright numbered seal (red/blue/yellow) 
●​ Farmer photographing sealed container with smartphone 
●​ GPS pin icon floating above indicating location tagging 
●​ Subtle metadata icons (clock, GPS, camera) showing automatic data capture 

Technical Message: Physical tamper-evident seals combined with digital photography create 
unbreakable chain of custody from farm to market. 

Image 4: Continuous Compliance Monitoring (Sentinel Tower) 

Visual Elements: 

●​ Simple tower/mast positioned at field edge with camera and satellite dish 
●​ Blue data flow arcs showing cloud connectivity 
●​ Small compliance icons: PPE symbols, "no child labor" indicators, green checkmarks 
●​ Solar panel and weatherproof construction details 

Technical Message: Autonomous monitoring provides continuous verification of ethical labor 
practices and safety compliance without human oversight. 

Image 5: Blockchain Market Enablement Layer 

Visual Elements: 

●​ Farmers on left side, EU buyer on right side of image 

________________________________________________ 
© North Star Group, Inc. 2025 All rights reserved.  

19901 Quail Circle 
Fairhope AL 36532 

701-770-9118michaelh@nsgia.com  ​
Page 12​

 



iVerify: Offline Agricultural Verification Using Android Technology | North Star Group, Inc.  

 

●​ Golden chain links with blockchain icons connecting both parties 
●​ Green "payment confirmed" symbol establishing transaction completion 
●​ Data flow showing immutable record creation and verification 

Technical Message: Blockchain technology creates transparent, tamper-proof records that enable 
direct farmer-to-buyer transactions with automated premium payments. 

Image 6: Mobile Application Interface 

Visual Elements: 

●​ Smartphone screen displaying multiple application tabs: Map, Photos, Seals, Compliance 
●​ Blue/green/yellow interface buttons with intuitive icons (camera, GPS pin, QR code) 
●​ Farmer smiling while using voice input functionality 
●​ Clean, literacy-independent interface design 

Technical Message: User-friendly mobile interface requires no technical knowledge while 
providing comprehensive agricultural verification capabilities. 

Image 7: Data Storage & Synchronization 

Visual Elements: 

●​ Multiple smartphones with bidirectional arrows showing peer-to-peer synchronization 
●​ Satellite overhead symbolizing periodic cloud connectivity 
●​ Warm yellow storage icon (disk stack) representing local data sovereignty 
●​ Offline-first architecture with batch upload capability 

Technical Message: Data remains under farmer control with local storage while enabling shared 
intelligence when connectivity allows. 

Image 8: Verification & Authentication 

Visual Elements: 

●​ Split-screen view: Biometric fingerprint, DNA strand graphic, spectrometer analysis 
●​ Blockchain ledger book connecting multiple verification methods 
●​ Blue checkmark overlay indicating authenticated results 
●​ Multi-factor verification preventing fraud 

Technical Message: Multiple verification layers ensure product authenticity and farmer identity 
while maintaining system integrity. 

Image 9: Payment & Market Integration 
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Visual Elements: 

●​ Farmer holding smartphone with mobile money symbol (yellow currency icon) 
●​ EU buyer with shipping container representing export market 
●​ Green blockchain transaction flow linking both parties 
●​ Direct payment without intermediary extraction 

Technical Message: Verified compliance enables direct access to premium markets with automated 
payment systems bypassing traditional middlemen. 

Image 10: Advantages & Adaptations 

Visual Elements: 

●​ Collage showing farmer in field, artisanal miner at small-scale site, fishing boat at sea 
●​ Central globe in blue/green with network connection lines 
●​ Warm sun overhead unifying diverse agricultural applications 
●​ Universal applicability across multiple commodity sectors 

Technical Message: Platform adaptability extends beyond cocoa to mining, fishing, and other 
primary commodity sectors requiring traceability and compliance verification. 

Design Language Standards 

Color Palette: 

●​ Agricultural Base: Warm greens and yellows evoking natural farming environments 
●​ Technology Accents: Bright blues for digital interfaces and connectivity 
●​ Alert Colors: Red/yellow/blue for seals and important indicators 
●​ Success Indicators: Green checkmarks and positive feedback elements 

Visual Consistency: 

●​ Human Scale: All images feature farmers and real users to emphasize accessibility 
●​ Technology Integration: Smartphones and simple equipment showing practical 

implementation 
●​ Environmental Context: Agricultural settings demonstrating real-world application 
●​ Connectivity Elements: Satellite and network graphics showing global integration 

Messaging Hierarchy: 

1.​ Immediate Utility: Farmers see direct, practical benefits 
2.​ Technical Sophistication: Advanced capabilities operate transparently 
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3.​ Market Access: Premium pricing and compliance enable economic improvement 
4.​ Global Integration: Local solutions connect to international markets 

Implementation Reality: Medium Difficulty Project 

Component-by-Component Feasibility Analysis 

While the iVerify system appears complex when viewed holistically, systematic analysis reveals it 
consists of individually manageable components leveraging existing smartphone capabilities and 
proven technologies. 

Storage Resources: Abundant and Affordable 

MicroSD Capacity Analysis: 

●​ 8GB MicroSD Card: Costs $3-5, provides massive storage capacity 
●​ Complete System Requirements: ~500MB for full verification suite 
●​ Remaining Capacity: 7.5GB for farmer data (750+ verification lots) 
●​ Expansion Path: 32GB cards ($8-12) support 3,000+ lots indefinitely 

Storage Utilization Breakdown: 

Pattern Libraries: 100MB (compressed ML models) 

Calibration References: 50MB (local packaging samples)   

UI Assets: 25MB (icons, interfaces) 

Core Application: 75MB (Android app) 

Reference Documentation: 50MB (help materials) 

Reserve Space: 200MB (updates, temporary files) 

Total System: 500MB 

Available for Data: 7,500MB (on 8GB card) 

Processing Power: More Than Adequate 
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Modern Entry-Level Specifications: 

●​ CPU: Quad-core ARM processors (2019+ phones) easily handle computer vision tasks 
●​ RAM: 3-4GB provides comfortable overhead for image processing 
●​ GPU: Basic Mali/Adreno sufficient for display and simple parallel processing 
●​ Performance Reality: Color histogram analysis takes 0.5-2 seconds, not minutes 

Computational Requirements Per Task: 

●​ GPS Polygon Recording: Trivial load, uses standard location services 
●​ Image Capture: Native camera functionality with metadata embedding 
●​ Color Analysis: 1990s-level computer vision, highly optimized 
●​ ML Inference: TensorFlow Lite models under 10MB run efficiently 
●​ Database Operations: SQLite handles thousands of records easily 

Technology Integration: Proven Components 

GPS Mapping (Solved Problem): 

●​ Standard Android Location Services API 
●​ No complex algorithms required 
●​ Polygon recording is basic coordinate collection 
●​ Offline operation is default GPS behavior 

Image Processing (Established Technology): 

●​ OpenCV libraries available for Android 
●​ Color space conversions are standard operations 
●​ Feature extraction uses documented algorithms 
●​ Calibration math is basic linear algebra 

Chemical Detection (Applied Research): 

●​ Digital image colorimetry is "powerful, fast and low-cost analysis method" with extensive 
academic foundation 

●​ Smartphone soil and agricultural analysis has been demonstrated across multiple studies 
●​ Color reference cards provide established calibration methodology 
●​ Reagent chemistry uses known colorimetric reactions 

Blockchain Integration (Standard Implementation): 

●​ Cryptographic hashing available in standard libraries 
●​ Digital signatures use proven Android security features 
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●​ Distributed storage patterns are well-documented 
●​ Smart contracts can use existing frameworks 

Development Complexity Assessment 

Easy Components (1-2 Day Implementation) 

●​ File Management: Standard Android storage with organized folders 

●​ Photo Capture: Camera2 API with EXIF metadata embedding 
●​ GPS Recording: Location services with coordinate logging 
●​ User Interface: Material Design components with farmer-friendly icons 
●​ Database Schema: SQLite with straightforward relational design 

Medium Components (3-7 Day Implementation) 

●​ Color Calibration: Reference card detection and correction matrix calculation 

●​ Image Analysis Pipeline: ROI extraction, feature computation, threshold comparison 
●​ Sync Operations: Batch upload, conflict resolution, delta synchronization 
●​ Quality Control: Blur detection, lighting validation, automatic rejection 
●​ Report Generation: HTML/PDF output with embedded images and data 

Advanced Components (1-2 Week Implementation) 

●​ ML Model Integration: TensorFlow Lite deployment with model optimization 

●​ Blockchain Connectivity: Smart contract integration and distributed storage 
●​ Sensor Integration: Camera parameter control and advanced calibration 
●​ Performance Optimization: Battery management and processing efficiency 
●​ Multi-language Support: Localization for various regional markets 

Resource Requirements vs. Availability 

Development Resources Needed 

Technical Skills: 

●​ Android development (widely available) 
●​ Computer vision fundamentals (well-documented) 
●​ Database design (standard SQL knowledge) 
●​ Image processing (OpenCV tutorials abundant) 

Hardware for Testing: 

●​ Entry-level Android phones ($50-150) 
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●​ MicroSD cards ($3-12) 
●​ Basic reagent chemistry supplies ($20-50) 
●​ Color reference materials (locally sourced) 

Time Investment: 

●​ Core functionality: 4-6 weeks (single developer) 
●​ Testing and refinement: 2-3 weeks 
●​ Field trials and user feedback: 4-6 weeks 
●​ Production polish: 2-3 weeks 
●​ Total Development Time: 3-4 months to working prototype 

Comparison to Smartphone Capabilities 

Available vs. Required: 

●​ Storage: 8GB available vs. 500MB required (16x overhead) 
●​ Processing: Quad-core CPU vs. simple algorithms (massive overhead) 
●​ Memory: 3GB RAM vs. 100MB active usage (30x overhead) 
●​ Connectivity: Offline-first design removes network dependencies 
●​ Power: Modern batteries support all-day field operation 

Risk Mitigation Through Simplicity 

Technical Risk Management 

Proven Technology Stack: 

●​ Every component uses established, documented approaches 
●​ No bleeding-edge research or experimental technologies 
●​ Fallback options available for each major function 
●​ Incremental development allows early problem detection 

Implementation Strategy: 

●​ Phase 1: Basic GPS + photo capture (2 weeks) 
●​ Phase 2: Color analysis rules engine (2 weeks) 
●​ Phase 3: ML enhancement and optimization (3 weeks) 
●​ Phase 4: Blockchain integration and sync (2 weeks) 
●​ Phase 5: Field testing and refinement (4 weeks) 

Market Risk Mitigation 
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Low-Cost Validation: 

●​ Prototype development under $5,000 total cost 
●​ Field testing possible with 10-20 farmers 
●​ Iterative improvement based on real usage 
●​ Pivot capability if specific approaches don't work 

Conclusion: Medium Difficulty Assessment 

The iVerify system represents a medium difficulty engineering project because: 

1.​ Individual components are straightforward - GPS, image processing, database operations 
2.​ Storage and compute resources far exceed requirements - 8GB MicroSD vs. 500MB 

needs 
3.​ Technology stack uses proven, documented approaches - no research breakthroughs 

required 
4.​ Development timeline is manageable - 3-4 months to working prototype 
5.​ Risk factors are well-controlled - incremental development with fallback options 

The apparent complexity comes from system integration rather than individual component 
difficulty. Like assembling a complex machine from simple, well-understood parts, the challenge lies 
in thoughtful design and careful implementation rather than solving fundamental technical 
problems. 

Machine Learning Training Reality: Bounded Problem Space 

Limited Parameter Set for Feature Extraction 

Constrained Input Variables: The iVerify system operates on a deliberately limited set of 

extractable features, making model training straightforward and data requirements manageable. 

Primary Features (5-10 parameters total): 

Color Features: 

- Median L* (lightness) value 

- Chroma (C*) saturation level   
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- Hue angle (H°) primary and secondary peaks 

- ΔE00 color difference vs. reference 

 

Texture Features: 

- GLCM contrast (Gray-Level Co-occurrence Matrix) 

- Surface roughness proxy via specular highlights 

- Edge density for moisture/drying assessment 

 

Calibration Features: 

- White balance correction factor 

- Illumination uniformity score 

Feature Vector Size: Each image reduces to ~8-12 numerical values, not thousands of pixels or 
complex deep learning features. 

Training Set Requirements: Hundreds, Not Thousands 

Realistic Data Collection: 

●​ Pesticide Testing: 200-500 samples per reagent type (4 reagents = 800-2000 total 
samples) 

●​ Moisture Classification: 300-600 samples across dry/borderline/wet categories 
●​ Quality Grading: 400-800 samples covering typical cocoa bean variations 
●​ Regional Calibration: 100-200 samples per major growing region 

Total Training Images Needed: 1,500-3,500 labeled examples - achievable through focused field 
collection over 6-12 months. 

Simplified Classification Tasks 

Binary and Tri-State Decisions: Rather than complex multi-class problems, iVerify focuses on 

simple decision boundaries: 
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Pesticide Detection (Per Reagent): 

●​ Positive: Color change detected above threshold 
●​ Negative: No significant color change 
●​ Inconclusive: Borderline or contaminated sample 

Moisture Assessment: 

●​ Dry: Ready for storage/export (target state) 
●​ Borderline: Additional drying recommended 
●​ Wet: Significant drying required 

Quality Classification: 

●​ Premium: Meets export quality standards 
●​ Standard: Acceptable for local/regional markets 
●​ Reject: Requires sorting or remediation 

Model Architecture: Intentionally Simple 

Lightweight Approaches: 

# Example: Moisture Classification 

features = [median_lightness, chroma, specular_ratio, 
texture_contrast] 

model_options = { 

    'logistic_regression': 4_parameters, 

    'random_forest': 10-20_trees, 

    'gradient_boost': 50-100_estimators, 

    'neural_network': single_hidden_layer_20_nodes 

} 

Model Size Constraints: 

●​ Target: Under 10MB for complete model suite 
●​ Quantization: 8-bit or 16-bit precision for mobile deployment 
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●​ Inference Time: Under 2 seconds on entry-level hardware 

Training Data Collection Strategy 

Phased Approach: 

Phase 1 (Months 1-3): Rules-Based System 

- Manual threshold setting using initial sample collection 

- Simple ΔE color difference calculations 

- Immediate deployment capability with 80%+ accuracy 

 

Phase 2 (Months 4-6): Model Training 

- Collect 500-1000 labeled samples during Phase 1 deployment 

- Train initial ML models on collected data 

- A/B test against rules-based system 

 

Phase 3 (Months 7-12): Model Refinement   

- Expand training set to 1500-3000 samples 

- Regional specialization and edge case handling 

- Performance optimization and model compression 

Feature Engineering: Domain-Specific Advantages 

Agricultural Context Simplifies Problem: 

●​ Known Color Ranges: Cocoa beans have predictable color variations 
●​ Controlled Conditions: White background, consistent lighting setup 
●​ Calibration References: Local packaging provides stable color anchors 
●​ Limited Variability: Single crop type reduces complexity dramatically 
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Practical Feature Selection: 

def extract_simple_features(image, calibration_card): 

    # Color analysis (4 features) 

    lab_values = convert_to_lab_colorspace(image) 

    lightness = np.median(lab_values.L) 

    chroma = np.median(lab_values.C)  

    hue = dominant_hue(lab_values.H) 

    color_uniformity = np.std(lab_values.L) 

     

    # Texture analysis (3 features)  

    gray_image = convert_to_grayscale(image) 

    glcm = gray_level_cooccurrence_matrix(gray_image) 

    contrast = glcm.contrast 

    homogeneity = glcm.homogeneity 

    specular_ratio = count_highlight_pixels(image) / total_pixels 

     

    # Calibration features (2 features) 

    white_balance_factor = 
compute_wb_correction(calibration_card) 

    illumination_score = assess_lighting_uniformity(image) 

     

    return [lightness, chroma, hue, color_uniformity,  

            contrast, homogeneity, specular_ratio, 
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            white_balance_factor, illumination_score] 

Validation and Performance Metrics 

Achievable Accuracy Targets: 

●​ Pesticide Detection: 90-95% accuracy (binary classification with chemical ground truth) 
●​ Moisture Assessment: 85-90% accuracy (validated against weight loss measurements) 
●​ Quality Grading: 80-85% accuracy (compared to expert visual assessment) 

Cross-Validation Strategy: 

●​ Geographic: Train on Ghana data, test on Côte d'Ivoire samples 
●​ Temporal: Train on dry season, validate on wet season samples 
●​ Device: Train on one phone model, test across different smartphones 
●​ Operator: Train on expert samples, test with farmer-captured images 

Model Deployment and Updates 

Edge Computing Implementation: 

●​ Initial Deployment: Rules-based system with immediate functionality 
●​ Model Updates: Push refined models via microSD or connectivity windows 
●​ Fallback Behavior: Always maintain rules-based backup for reliability 
●​ Continuous Learning: Collect edge cases for future model improvements 

Conclusion: Manageable ML Scope 

The machine learning component of iVerify is intentionally constrained to ensure practical 

deployment: 

1.​ Limited feature space: 8-12 numerical features per image, not complex deep learning 
2.​ Simple classification tasks: Binary/tri-state decisions with clear boundaries 
3.​ Achievable training sets: 1,500-3,500 samples over 12 months 
4.​ Domain advantages: Single crop type, controlled conditions, known color ranges 
5.​ Progressive development: Rules-first approach with ML enhancement over time 

Software Stack Architecture for African Android Ecosystem 
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Target Device Reality: Entry-Level Android Phones 

Primary Target Devices (2019-2025) 

Common African Market Phones: 

●​ Tecno: Spark 7, Camon 17, Phantom X series 
●​ Infinix: Hot 10, Note 8, Zero 8 series 
●​ Itel: A56 Pro, A48, S15 series 
●​ Samsung: Galaxy A12, A21s, A32 (budget variants) 
●​ Generic: MTK (MediaTek) chipset phones with Android 10+ 

Typical Specifications: 

●​ OS: Android 10-13 (API levels 29-33) 
●​ RAM: 3-4GB (2GB minimum for basic functionality) 
●​ Storage: 32-64GB internal + microSD expansion 
●​ Chipset: MediaTek Helio, Unisoc Tiger, Snapdragon 4xx series 
●​ GPU: Mali-G52, PowerVR GE8320, Adreno 610 
●​ Camera: 12-48MP with Camera2 API support 

Core Software Stack: Native Android + Lightweight Libraries 

Foundation Layer: Pure Android 

// Core Android Components (No External Dependencies) 

class iVerifyApp : Application() { 

    // Standard Android framework - always available 

    - Android SDK 29+ (Android 10+) 

    - Camera2 API for RAW/DNG capture 

    - Location Services for GPS (no Google Play dependency) 

    - SQLite for local database 

    - File I/O for microSD storage 
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    - Cryptography APIs for hashing 

} 

Computer Vision: OpenCV4Android (Proven, Lightweight) 

Why OpenCV Over TensorFlow/PyTorch: 

●​ Size: 15-25MB vs 50-100MB+ for TF/PyTorch 
●​ Performance: Optimized C++ core, runs efficiently on ARM 
●​ Reliability: Mature library, works consistently across device variants 
●​ Offline: No cloud dependencies or model downloads 
●​ Documentation: Extensive Android-specific tutorials and examples 

// OpenCV Integration 

dependencies { 

    implementation 'org.opencv:opencv-android:4.8.0'  // ~20MB 

} 

 

// Core Computer Vision Functions 

class ImageAnalysis { 

    fun extractColorFeatures(image: Mat): FloatArray { 

        val lab = Mat() 

        Imgproc.cvtColor(image, lab, Imgproc.COLOR_BGR2Lab) 

        val mean = Core.mean(lab) 

        return floatArrayOf( 

            mean.`val`[0].toFloat(), // L* lightness 
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            mean.`val`[1].toFloat(), // a* green-red 

            mean.`val`[2].toFloat()  // b* blue-yellow 

        ) 

    } 

     

    fun calculateTextureMetrics(image: Mat): Float { 

        val gray = Mat() 

        Imgproc.cvtColor(image, gray, Imgproc.COLOR_BGR2GRAY) 

        val laplacian = Mat() 

        Imgproc.Laplacian(gray, laplacian, CvType.CV_64F) 

        val mu = Mat() 

        val sigma = Mat() 

        Core.meanStdDev(laplacian, mu, sigma) 

        return sigma.get(0, 0)[0].toFloat() // Texture roughness 
proxy 

    } 

} 

Machine Learning: Custom Lightweight Implementation 

Why NOT TensorFlow Lite/PyTorch Mobile: 

●​ Complexity: Adds 30-50MB+ overhead 
●​ Dependency Issues: Can conflict with device-specific Android customizations 
●​ Overkill: Simple classification doesn't need deep learning frameworks 
●​ Reliability: More moving parts = more potential failures 

Custom ML Approach: 
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// Simple, Fast Classification Engine 

class PesticideClassifier { 

    // Logistic regression implementation (~1KB model size) 

    private val weights = floatArrayOf(0.23f, -0.45f, 0.67f, 
0.12f) 

    private val bias = 0.15f 

     

    fun classify(features: FloatArray): ClassificationResult { 

        var score = bias 

        for (i in features.indices) { 

            score += weights[i] * features[i] 

        } 

        val probability = 1.0f / (1.0f + exp(-score)) 

         

        return when { 

            probability > 0.8f -> ClassificationResult.POSITIVE 

            probability < 0.3f -> ClassificationResult.NEGATIVE 

            else -> ClassificationResult.INCONCLUSIVE 

        } 

    } 

} 

 

// Gradient Boosting Trees (if needed for complex cases) 
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class SimpleDecisionTree { 

    // Hand-coded decision rules that can be easily updated 

    fun classifyMoisture(lightness: Float, specular: Float): 
MoistureLevel { 

        return when { 

            lightness > 65f && specular < 0.1f -> 
MoistureLevel.DRY 

            lightness < 45f || specular > 0.3f -> 
MoistureLevel.WET 

            else -> MoistureLevel.BORDERLINE 

        } 

    } 

} 

Database Layer: SQLite (Built into Android) 

-- Local Database Schema (No external DB dependencies) 

CREATE TABLE lots ( 

    lot_id TEXT PRIMARY KEY, 

    seal_no TEXT UNIQUE, 

    gps_lat REAL, 

    gps_lon REAL, 

    created_at INTEGER, 

    status TEXT, 
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    moisture_class TEXT, 

    pesticide_results TEXT, -- JSON blob 

    file_paths TEXT         -- JSON array of image paths 

); 

 

CREATE TABLE sync_queue ( 

    id INTEGER PRIMARY KEY AUTOINCREMENT, 

    lot_id TEXT, 

    action TEXT, -- 'upload', 'update', 'delete' 

    retry_count INTEGER DEFAULT 0, 

    created_at INTEGER 

); 

File Management: Native Android Storage 

// MicroSD and Internal Storage Management 

class StorageManager(private val context: Context) { 

    fun getOptimalStorageLocation(): File { 

        // Prefer microSD for farmer data, internal for app data 

        val externalDirs = 
ContextCompat.getExternalFilesDirs(context, null) 

        return externalDirs.firstOrNull { it != null }  

            ?: context.filesDir // Fallback to internal 
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    } 

     

    fun organizeLotData(lotId: String): LotFolder { 

        val baseDir = File(getOptimalStorageLocation(), 
"iverify_lots") 

        val lotDir = File(baseDir, lotId) 

        lotDir.mkdirs() 

         

        return LotFolder( 

            dngImages = File(lotDir, "images_raw"), 

            jpegPreviews = File(lotDir, "previews"),  

            metadata = File(lotDir, "metadata.json"), 

            reports = File(lotDir, "reports") 

        ) 

    } 

} 

Networking: Basic HTTP (When Available) 

// Simple, Reliable Sync (No complex frameworks) 

class SyncManager { 

    fun uploadWhenConnected(lot: LotData) { 

        if (!isConnected()) { 
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            queueForLater(lot) 

            return 

        } 

         

        // Simple HTTP multipart upload 

        val client = HttpURLConnection() 

        // Basic authentication, simple JSON payload 

        // No complex REST frameworks or dependencies 

    } 

     

    private fun isConnected(): Boolean { 

        val cm = 
context.getSystemService(Context.CONNECTIVITY_SERVICE)  

                 as ConnectivityManager 

        return cm.activeNetworkInfo?.isConnected == true 

    } 

} 

Progressive Enhancement Strategy 

Phase 1: Rules-Based System (Immediate Deployment) 

Core Stack (Total: ~40MB): 

├── Android Framework (built-in) 
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├── OpenCV4Android (20MB) 

├── Custom UI Components (5MB) 

├── Image Processing Logic (2MB) 

├── Rules Engine (1MB) 

├── Local Database Schema (1MB) 

└── Calibration References (10MB) 

Capabilities: 

●​ GPS polygon mapping 
●​ Photo capture with metadata 
●​ Color threshold analysis 
●​ Basic quality assessment 
●​ Offline storage and sync queuing 

Phase 2: Enhanced Classification (3-6 Months) 

Enhanced Stack (Total: ~45MB): 

├── Phase 1 Components (40MB) 

├── Custom ML Models (3MB) 

├── Feature Engineering (1MB) 

└── Advanced Analytics (1MB) 

Added Capabilities: 

●​ Trained classification models 
●​ Confidence scoring 
●​ Edge case handling 
●​ Performance optimization 

Phase 3: Advanced Features (6-12 Months) 
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Full Stack (Total: ~50MB): 

├── Phase 2 Components (45MB) 

├── Blockchain Integration (3MB) 

├── Advanced Reporting (1MB) 

└── Multi-language Support (1MB) 

Device Compatibility Matrix 

Minimum Requirements (Basic Functionality) 

●​ Android: 8.0+ (API 26) for wider compatibility 

●​ RAM: 2GB (basic photo capture and analysis) 
●​ Storage: 16GB internal + microSD slot 
●​ Camera: 8MP with basic autofocus 

Recommended Specifications (Full Features) 

●​ Android: 10.0+ (API 29) for Camera2 API reliability 

●​ RAM: 3GB+ (smooth multitasking) 
●​ Storage: 32GB internal + 8GB+ microSD 
●​ Camera: 12MP+ with RAW/DNG support 

Performance Optimization for Low-End Devices 

// Adaptive Quality Based on Device Capabilities 

class DeviceProfiler { 

    fun optimizeForDevice(): ProcessingProfile { 

        val ram = getAvailableRAM() 

        val cpuCores = Runtime.getRuntime().availableProcessors() 
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        return when { 

            ram < 2048 -> ProcessingProfile.BASIC // 2GB RAM 

            ram < 3072 -> ProcessingProfile.STANDARD // 3GB RAM   

            else -> ProcessingProfile.ENHANCED // 4GB+ RAM 

        } 

    } 

} 

 

enum class ProcessingProfile( 

    val imageResolution: String, 

    val analysisDetail: String, 

    val cacheSize: Int 

) { 

    BASIC("1920x1080", "essential_only", 50), 

    STANDARD("2560x1440", "full_analysis", 100), 

    ENHANCED("4000x3000", "detailed_plus", 200) 

} 

Deployment and Distribution Strategy 

APK Distribution (No Google Play Required) 

●​ Direct Download: APK files distributed via agricultural extension services 

●​ microSD Pre-loading: App + data pre-installed on microSD cards 
●​ Peer-to-Peer: Bluetooth/WiFi Direct sharing between farmers 
●​ Cooperative Networks: Local distribution through farmer cooperatives 
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Update Mechanism 

// Lightweight Update System 

class UpdateManager { 

    fun checkForUpdates() { 

        if (hasInternetConnection()) { 

            downloadDeltaUpdates() // Only changed components 

        } 

         

        // Also check microSD for update packages 

        checkMicroSDForUpdates() 

    } 

     

    fun applyOfflineUpdate(updatePackage: File) { 

        // Simple file replacement, no complex package management 

        // Backup current version for rollback capability 

    } 

} 

Conclusion: Lean, Reliable Stack 

The iVerify software architecture prioritizes reliability over complexity: 

Core Principles: 

●​ Native Android APIs for maximum compatibility 
●​ OpenCV for proven computer vision functionality 
●​ Custom ML implementation for lightweight, predictable performance 
●​ SQLite for reliable local storage 
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●​ Progressive enhancement from basic to advanced features 

Total Footprint: 40-50MB complete system vs. 200-300MB+ for framework-heavy alternatives 

This approach ensures the system works reliably on the actual phones African farmers own, rather 
than requiring high-end devices or complex dependency management. 

Land Mapping and Boundary Definition 

GPS mapping works offline, creating precise digital boundaries with practical ±2-4 meter accuracy 

that significantly exceeds EUDR requirements while establishing unchangeable links between 
specific products and registered farm locations. 

Technical Implementation: 

●​ Walk farm perimeter with smartphone GPS active 
●​ Record polygon coordinates with high computational precision 
●​ Actual GPS accuracy of ±2-4 meters provides clear farm boundary identification 
●​ EUDR requires only 6 decimal places - system comfortably exceeds compliance 

requirements 
●​ Store boundary data locally in GeoJSON format 
●​ Upload during next connectivity window 

Practical Accuracy Assessment: 

// Realistic GPS performance expectations 

const gpsAccuracy = { 

    TYPICAL_CONDITIONS: "±2-4 meters", 

    OPEN_SKY: "±1-3 meters",  

    URBAN_CANYON: "±5-10 meters", 

    FOREST_CANOPY: "±3-8 meters" 

} 

 

// EUDR compliance verification 
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const complianceCheck = { 

    REQUIRED_PRECISION: "6 decimal places (±1 meter)", 

    ACHIEVED_ACCURACY: "±2-4 meters (exceeds requirement)", 

    BOUNDARY_CLARITY: "Clear field identification", 

    COMPLIANCE_STATUS: "Fully compliant with margin" 

} 

Agricultural Mapping Capabilities: With ±2-4 meter GPS accuracy, the system can reliably: 

●​ Farm Boundary Definition: Clear identification of property boundaries 
●​ Field Segmentation: Different crop areas within larger farms 
●​ Infrastructure Documentation: Paths, buildings, water sources, processing areas 
●​ Land Use Verification: Distinguish between agricultural and non-agricultural areas 
●​ Compliance Documentation: Meet EUDR requirements with comfortable accuracy margin 

2. Tamper-Evident Custody Seal System 

Immutable provenance records created through the integration of physical security seals with 

digital documentation, establishing unbreakable chain of custody from farm to market. 

Physical Security Implementation: 

●​ Numbered Tamper-Evident Seals: Bright-colored (red/yellow/blue) plastic seals with 
unique identification numbers 

●​ One-Time Use Design: Seals break when tampered with, providing immediate visual 
evidence of interference 

●​ High Visibility: Bright colors ensure easy detection and photography in field conditions 
●​ Cost Effective: Simple plastic seals cost approximately $0.05-0.10 per unit 

Digital Documentation Process: 

1.​ Seal Application: Farmer secures jute bag or container with uniquely numbered seal 
2.​ Photo Capture: Smartphone camera documents sealed container with automatic metadata 

embedding 
3.​ GPS Tagging: Precise location coordinates automatically attached to image 
4.​ Timestamp Recording: Exact time of sealing permanently embedded in file 
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5.​ Integrity Hashing: Cryptographic hash of image + metadata creates tamper-proof digital 
fingerprint 

Metadata Integration: 

Seal_ID: [Unique Number] 

GPS_Coordinates: [Decimal Degrees, 6-decimal precision] 

Timestamp: [ISO 8601 Format] 

Image_Hash: [SHA-256] 

Farm_Boundary_Reference: [Polygon ID] 

Farmer_ID: [Verified Identity] 

Chain of Custody Benefits: 

●​ Integrity Proof: Physical tampering immediately visible through broken seal 
●​ Digital Verification: Smartphone provides instant documentation without additional 

hardware 
●​ Buyer Confidence: Complete audit trail from farm to export point 
●​ Fraud Prevention: Substitution or adulteration impossible without breaking custody chain 

Visual Documentation Standards: 

●​ Seal Visibility: Close-up photo showing complete seal number and integrity 
●​ Container Identification: Clear view of sealed bag or container 
●​ Environmental Context: Background showing farm location and conditions 
●​ Quality Control: Automatic rejection of blurred or poorly lit images 

User Experience Design: 

●​ Simple Process: Point smartphone at sealed container, capture photo 
●​ Instant Feedback: Green checkmark confirms successful documentation 
●​ Visual Cues: On-screen guides show proper framing and lighting 
●​ No Technical Knowledge Required: Farmer sees only "Seal Documented" confirmation 

Integration with Blockchain Ledger: 

●​ Immutable Records: Seal documentation permanently stored in distributed ledger 
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●​ Smart Contracts: Automatic verification of seal integrity throughout supply chain 
●​ Multi-Party Access: Farmers, buyers, and regulators can verify authenticity 
●​ Audit Trail: Complete history of custody transfers with timestamps and locations 

This system transforms simple plastic seals into sophisticated custody verification tools through 
smartphone integration, providing bank-level security for agricultural products at commodity costs. 

3. Chemical Testing and Pesticide Detection 

Field-based pesticide detection using simple reagent chemistry combined with smartphone camera 

analysis, requiring no internet connectivity and costing under $0.30 per test. 

Testing Protocol: 

●​ Apply reagent solution to cocoa sample using brush applicator 
●​ Colorimetric reactions cause visible color changes when pesticides are present 
●​ Photograph results in RAW/DNG format using smartphone camera 
●​ Compare against reference libraries stored locally on microSD cards using automated color 

interpretation 

Technical Specifications: 

●​ Detectable Classes: Six major pesticide classes through distinct color signatures 
●​ Sensitivity: Export market compliance levels 
●​ Processing Time: Under 30 seconds on entry-level hardware 
●​ Storage Requirements: Less than 100MB for complete testing library 

Color Calibration System - Locally Available References: Rather than expensive manufactured 
calibration cards, the system utilizes commonly available packaging materials that provide 
consistent color references across Ghana. 

Proven Local Calibration References: 

●​ Kalyppo Juice Boxes: Very popular fruit juice sold in flat printed boxes throughout Ghana, 
providing consistent color standards across batches 

●​ Agricultural Input Packaging: Fertilizer and seed cartons from local suppliers like Royal 
Crown Packaging Ltd offer flat, consistent prints that farmers already possess 

●​ Kraft Food Containers: Paperboard boxes with consistent brown printing and low sheen, 
ideal for color normalization 

Calibration Protocol: 

1.​ Place small section of Kalyppo box or fertilizer carton alongside test sample 
2.​ Smartphone algorithms automatically detect known color values from packaging reference 
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3.​ Adjust color interpretation for ambient lighting and camera sensor variations 
4.​ Generate confidence scores based on reference-normalized color analysis 

Technical Validation: Multiple reference types (juice packaging, agricultural cartons) trained into 
algorithm ensures robust color normalization across varied field conditions. This approach 
eliminates the need for expensive, imported calibration equipment while leveraging materials 
farmers already access. 

4. Embedded Computer Vision with Lightweight AI 

Applied pattern recognition using established computer vision techniques enhanced with compact 

machine learning models for automated result interpretation. 

Technical Architecture - Three-Layer Approach: 

Layer 1: Image Processing (Proven Technology) 

●​ Extract color histograms, brightness values, texture measures from photos 
●​ Classic computer vision from 1990s-2000s, computationally inexpensive 
●​ Any $50 Android phone can perform these operations 
●​ Real-time feature extraction without network dependency 

Layer 2: Embedded Machine Learning (Compact Models) 

●​ TensorFlow Lite, PyTorch Mobile, MediaPipe for on-device inference 
●​ Compact models under 10MB, often quantized to 1-2MB for efficiency 
●​ Small CNN (convolutional neural network) trained to distinguish pesticide positive/negative 

reactions 
●​ Local classification with confidence scoring 

Layer 3: Hybrid Processing (Practical Implementation) 

●​ Step 1: Traditional feature extraction (color, moisture proxy, shape analysis) 
●​ Step 2: Local ML classifier provides confidence score on-device 
●​ Step 3: Optional cloud refinement during connectivity windows 

User Experience Design: Farmers see only results - check marks, X symbols, or guidance icons. No 
technical interpretation required. Decision process is automated, consistent, and eliminates human 
error in field conditions. 

Capabilities: 

●​ Pesticide Detection: Colorimetric reaction analysis with 95%+ accuracy 
●​ Quality Grading: Bean fermentation, size uniformity, foreign matter detection 
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●​ Moisture Assessment: Proxy measurements for drying adequacy 
●​ Disease Identification: Pattern recognition for common cocoa diseases 

Storage and Data Management 

MicroSD-Based Intelligence 

Expandable storage through microSD cards addresses the fundamental constraint of limited 
internal memory on entry-level smartphones while providing a practical distribution mechanism 
for reference libraries. 

Storage Architecture: 

●​ Compressed Libraries: Complete pattern library requires less than 500MB storage using 
advanced compression techniques 

●​ Regional Customization: Cards can be preloaded with region-specific libraries, local 
language interfaces, and calibrated models 

●​ Data Sovereignty: Sensitive compliance data remains under farmer and national control 
rather than being stored on foreign servers 

Offline-First Design 

All critical functions operate without connectivity: 

●​ GPS mapping and boundary recording 
●​ Photo capture and geotagging 
●​ Chemical testing and analysis 
●​ Disease detection and quality assessment 
●​ Blockchain record creation 

Synchronization Strategy: 

●​ Batch upload during periodic connectivity 
●​ Delta sync for bandwidth efficiency 
●​ Conflict resolution for overlapping records 
●​ Backup and recovery protocols 

Business Model and Economic Impact 

Zero-Cost-to-Farmer Implementation 
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The platform generates revenue by enabling smallholder producers to access premium markets 
while building local capacity and ownership, funded by value created rather than farmer payments. 

Revenue Streams: 

●​ Premium market access facilitation 
●​ Compliance verification services 
●​ Data insights and analytics 
●​ Carbon credit monetization 

Premium Market Access 

Documented Price Premiums: 

●​ Pesticide-free cocoa: $300-600 per metric ton premium 
●​ EUDR compliance: Market access preservation worth $2.6 billion (Nigeria example) 
●​ Organic certification: Additional $300 per metric ton 
●​ Fairtrade verification: $240 per metric ton guaranteed 

Cost Comparison: 

●​ Traditional lab testing: $50-100 per sample, weeks turnaround 
●​ iVerify field testing: Under $0.30 per test with immediate results 
●​ Equipment investment: Uses farmers' existing Android phones, zero additional cost 

Technical Specifications 

Hardware Requirements and Device Specifications 

Minimum Device Specifications for iVerify 

Hardware Requirements 

Memory and Storage: 

●​ RAM: 2 GB absolute minimum, 3-4 GB preferred for optimal performance 
●​ Internal Storage: 32 GB minimum, 64 GB recommended 
●​ MicroSD Support: Strongly preferred for cheap expansion and DNG storage 
●​ Storage Planning: ~100-125 MB per lot (5 × DNG files) = ~150 lots per 20 GB free space 
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Processing Power: 

●​ CPU: Quad-core ARM Cortex-A53 or better 
●​ GPU: Basic Mali or Adreno GPU (display only; processing uses CPU-level mathematics) 
●​ Performance: Color calibration + ΔE checks complete in under 2 seconds per frame on 

low-end devices 

Power Management: 

●​ Battery: ≥ 3000 mAh capacity enables multiple lot captures without full drain 
●​ Power Consumption: ~2-3% battery usage per lot (5 photos, metadata, local analysis) 
●​ Optimization: Designed for all-day field operation on single charge 

Camera Specifications 

Essential Camera Features: 

●​ Resolution: ≥ 12 MP sensor for adequate detail capture 
●​ RAW/DNG Support: Mandatory requirement (many Tecno, Infinix, and Itel models support 

this when Camera2 API enabled) 
●​ Macro Focus: Must support close-up bean photography at 5-10 cm distance 
●​ Flash/LED: Required for consistent lighting in low-light field conditions 

Image Quality Requirements: 

●​ Color Accuracy: Sufficient for pesticide reagent color differentiation 
●​ Dynamic Range: Adequate for variable field lighting conditions 
●​ File Format: DNG (Digital Negative) format preserves maximum color information for 

analysis 

Operating System Requirements 

Android Platform: 

●​ Version: Android 10.0 (API level 29) or higher 
●​ Camera2 API: Essential for RAW capture functionality and advanced camera controls 
●​ Storage Permissions: Modern scoped storage support for secure file management 
●​ Custom UI Compatibility: Must not block RAW capture (some budget phones hide this 

feature) 

Software Validation: 

●​ Camera2 API Check: Automatic detection of RAW capability during app installation 
●​ Permission Management: Streamlined GPS, camera, and storage access 
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●​ Offline Functionality: Core features operate without Google Play Services dependency 

Supported Device Ecosystem 

Target Device Categories 

Entry-Level Android Phones (Primary Target): 

●​ Tecno: Spark series, Camon series with Camera2 API enabled 
●​ Infinix: Hot series, Note series with adequate specifications 
●​ Itel: A-series models meeting minimum requirements 
●​ Generic: Any Android device meeting specification thresholds 

Performance Optimization: 

●​ Low-End Devices: Optimized algorithms ensure sub-2-second processing on minimum 
specifications 

●​ Mid-Range Devices: Enhanced performance with faster processing and extended battery 
life 

●​ High-End Devices: Future-proofing for advanced features and expanded capabilities 

Device Validation Protocol 

Pre-Installation Checks: 

1.​ Hardware Verification: RAM, storage, CPU architecture validation 
2.​ Camera Capability: RAW support, macro focus, flash functionality 
3.​ OS Compatibility: Android version, Camera2 API availability 
4.​ Storage Assessment: Available space for app and data requirements 

Installation Guidance: 

●​ Automatic Detection: App identifies device capabilities during setup 
●​ Feature Adaptation: Interface adjusts based on hardware limitations 
●​ Performance Tuning: Optimization settings for specific device categories 

Cost-Effective Implementation Strategy 

Leveraging Existing Hardware 

Farmer Device Utilization: 

●​ Current Ownership: Work with smartphones farmers already possess 
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●​ Upgrade Guidance: Recommend specific models meeting requirements when replacement 
needed 

●​ Shared Resources: Community device sharing for cooperatives with limited individual 
ownership 

Economic Accessibility: 

●​ Zero Additional Hardware Cost: Platform designed around existing smartphone 
capabilities 

●​ MicroSD Enhancement: Low-cost storage expansion option ($5-15 for 32-64GB) 
●​ Battery Management: Power-efficient design minimizes charging infrastructure 

requirements 

This specification ensures iVerify can operate effectively on the smartphones already prevalent 
across developing regions while providing clear upgrade pathways for enhanced performance. 

Software Architecture 

Core Technologies: 

●​ TensorFlow Lite for machine learning inference 
●​ Blockchain architecture using permissioned networks for data sovereignty 
●​ GeoJSON for spatial data management 
●​ SQLite for local data storage 
●​ OpenCV for image processing and color analysis 

Performance Metrics: 

●​ GPS accuracy: 3-5 meters standard, sub-meter with enhancements 
●​ Image processing: Under 10 seconds for pattern recognition 
●​ Battery usage: Optimized for all-day field operation 
●​ Storage efficiency: 500MB covers complete verification suite 

Implementation Strategy 

Pilot Program Structure 

Nigeria offers strategic advantages with its liberalized market structure, allowing direct farmer 
engagement without bureaucratic delays. 

Phase 1: Geographic Targeting (Months 1-6) 
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●​ Focus on regions with existing mobile infrastructure 
●​ Target 50-100 farms in 2-3 districts 
●​ Partner with established cooperatives 
●​ Deploy GPS mapping and basic tagging 

Phase 2: Feature Expansion (Months 6-12) 

●​ Add chemical testing capabilities 
●​ Implement disease detection 
●​ Scale to 500-1,000 farms 
●​ Establish buyer relationships 

Phase 3: Market Integration (Months 12-24) 

●​ Full premium market access 
●​ Regional expansion 
●​ Government partnership development 
●​ Integration with national traceability systems like Ghana's GCTS 

Partnership Framework 

Complementary integration with existing government systems, where GCTS provides national 
backbone and iVerify enables farmer-level participation. 

Government Collaboration: 

●​ Position as complementary field-level module within existing national systems 
●​ Leverage development financing opportunities 
●​ Ensure regulatory compliance and approval 

Private Sector Engagement: 

●​ Buyer premium commitments 
●​ Supply chain integration 
●​ Technology transfer partnerships 

Competitive Advantages 

Technical Differentiation 

●​ Offline Operation: Functions entirely without internet connectivity, unlike 
cloud-dependent alternatives 
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●​ Comprehensive Verification: Combines mapping, tagging, chemical testing, and disease 
detection 

●​ Cost Efficiency: Zero cost to farmers versus $100,000-500,000 enterprise solutions 
●​ Local Data Control: Maintains national data sovereignty rather than external platform 

dependency 

Market Positioning 

iVerify fills gaps in connectivity, literacy, and smallholder participation that existing systems cannot 
address, while providing enhanced verification capabilities beyond basic compliance. 

Regulatory Compliance 

EUDR Requirements 

Full compliance with December 2025 deadline: 

●​ GPS coordinates for all production plots 
●​ Deforestation-free verification since 2020 
●​ Complete chain of custody documentation 
●​ Integration with EU TRACES NT Information System through API-compatible platform 

Additional Standards 

●​ Rainforest Alliance certification compatibility 
●​ Fairtrade verification support 
●​ Organic certification documentation 
●​ Carbon credit qualification data 

Risk Mitigation 

Technical Risks 

●​ Hardware Failure: Modular design enables component replacement 
●​ Data Loss: Multiple backup and sync protocols 
●​ Software Updates: Over-air updates when connectivity available 
●​ User Error: Simplified interface with visual feedback 

Market Risks 
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●​ Buyer Adoption: Multiple buyer partnerships reduce dependency 
●​ Price Volatility: Focus on compliance value over premium capture 
●​ Regulatory Changes: Flexible architecture adapts to requirement evolution 

Future Expansion Opportunities 

Geographic Scaling 

●​ Immediate Targets: Côte d'Ivoire and Ghana for maximum impact with established 
infrastructure 

●​ Secondary Markets: Indonesia, Ecuador, Brazil 
●​ Cross-Commodity: Coffee, palm oil, other EUDR-covered crops 

Technology Enhancement 

●​ Satellite Monitoring: Integration with remote sensing for deforestation detection 
●​ IoT Integration: Sensor networks for environmental monitoring 
●​ AI Advancement: Enhanced pattern recognition and predictive analytics 

Conclusion 

iVerify represents a paradigm shift from connectivity-dependent agricultural verification to 
farmer-empowered, offline-capable systems. By leveraging ubiquitous GPS infrastructure and 
smartphone computing power, the platform democratizes access to premium markets while 
maintaining the technical sophistication required for international compliance. 

The integration of traditional agricultural knowledge with modern digital tools creates synergistic 
approaches that honor cultural expertise while enabling access to global markets. Success lies not in 
replacing existing practices but in enhancing farmer decision-making capabilities through 
immediate, actionable intelligence. 

The December 2025 EUDR deadline creates urgent market demand for comprehensive traceability 
solutions. iVerify's offline-first architecture, zero-cost-to-farmer model, and comprehensive 
verification capabilities position it uniquely to serve the millions of smallholder farmers who form 
the backbone of global agricultural production while preserving data sovereignty and building local 
capacity for sustainable development. 
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Technical Resources 

API Documentation 

●​ GPS Polygon Format: GeoJSON specification 
●​ Image Processing: OpenCV integration guidelines 
●​ Blockchain Interface: Smart contract specifications 
●​ Mobile Development: Android SDK requirements 

Implementation Guides 

●​ Hardware Selection: Device compatibility matrix 
●​ Software Installation: Step-by-step deployment 
●​ User Training: Pictorial instruction manuals 
●​ Maintenance Protocols: Field support procedures 

Regulatory Compliance 

●​ EUDR Requirements: 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023R1115 

●​ Blockchain Standards: https://www.iso.org/standard/67266.html 
●​ GPS Accuracy Standards: https://www.gps.gov/systems/gps/performance/accuracy/ 
●​ Food Safety Guidelines: https://www.codexalimentarius.org/ 

Market Analysis Sources 

●​ Expert Market Research: Global cocoa traceability market analysis 
●​ World Bank: Agricultural development financing opportunities 
●​ EU Commission: EUDR implementation guidance 
●​ International Cocoa Organization: Production statistics and market data 

For additional technical documentation and implementation support, contact: North Star Group - 
nsgia.com 
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