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Abstract

Background: Manual recording of Fresh Fruit Bunch (FFB) harvest activities at Kebun Tanah Putih PTPN IV Regional 3 results
in reporting delays of up to 24 hours, a human error rate of approximately 15-20% per entry, inability to verify harvest locations
spatially, and absence of real-time monitoring under limited network connectivity. Objective: This study develops HarvestTrack,
an Android and web-based mobile information system for FFB harvest recording and supply chain monitoring, aimed at
improving data accuracy, operational efficiency, and transparency in oil palm plantation management. Method: A Research and
Development (R&D) methodology with a prototyping approach was employed, covering requirements analysis, system design,
implementation, and testing. The system was built with Flutter, Firebase Firestore (cloud backend), and SQLite (local storage)
using an offline-first architecture. Delta synchronization via WorkManager and geo-tagging via Fused Location Provider API
(<10 m accuracy) were implemented. Testing included functional, performance, and User Acceptance Testing (UAT). Results:
Functional testing confirmed 100% success for offline data recording and automatic cloud synchronization (<5 seconds/entry).
Geo-tagging achieved <10 m accuracy in 95% of 40 field test locations. Last-Write-Wins (LWW) conflict resolution attained an
error rate below 2%. Three role-based user modules (KCS, Foreman, Admin) were fully implemented with differentiated access
controls. Contribution: HarvestTrack is the first integrated system combining offline-first architecture, real-time geo-tagging,
automated conflict handling, and web-based monitoring dashboard for FFB supply chain digitalization in Indonesia's oil palm

sector.
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Introduction

The oil palm plantation industry is a strategic pillar of the Indonesian economy, contributing over 3.5% of GDP
and employing more than 16 million workers [1]. Fresh Fruit Bunches (FFB) determine the quality and quantity of
Crude Palm Oil (CPO); therefore, accurate and timely harvest recording is critical for plantation productivity and
supply chain transparency [2]. However, harvest and FFB supply chain management remain predominantly manual at
many small-to-medium plantation enterprises, creating systemic operational vulnerabilities [3].

At Kebun Tanah Putih PTPN IV Regional 3, Bagan Sinembah, Riau, field observations identified four critical
problems: (1) harvest reporting delays of up to 24 hours due to manual compilation using paper forms; (2) human
error rates of approximately 15-20% per data entry; (3) inability to verify harvest locations spatially, facilitating
potential data manipulation; and (4) absence of real-time production monitoring for management. These problems are
compounded by unstable internet infrastructure across plantation blocks, making a purely online digital solution
impractical [3].

The convergence of Android mobile technology, cloud computing, and GPS enables transformative solutions
for plantation digitalization. Geo-tagging provides spatial validation of each recorded harvest event using device GPS
[4]. Offline-first architecture ensures field operations continue without internet dependency, with automatic cloud
synchronization upon connectivity restoration [5]. Despite substantial literature on agricultural digitalization, no
integrated system combining offline-first, real-time geo-tagging, automated conflict resolution, and a web-based
monitoring dashboard has been reported for the Indonesian oil palm sector.

Mendes et al. (2020) demonstrated that integration of mobile sensors, cloud computing, and GPS improves land
management efficiency [6]. Bartling et al. (2016) showed that hybrid offline-online synchronization reduces data loss
in low-connectivity areas [7]. Permai Samosir et al. (2025) developed E-FACT for digitalized FFB recording from
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field collection points to mills, improving data consistency [8]. Pothineni (2022) established that offline-first
architecture enhances mobile application resilience in unreliable network environments [12]. However, these studies
lack integration of geo-tagging accuracy validation, automated LWW conflict resolution, and role-based multi-user
support in a single system.

This study, therefore, designs and develops HarvestTrack: an Android-based FFB harvest digitalization system
with geo-tagging, online-offline cloud synchronization, and a web monitoring dashboard, targeting efficiency,
accuracy, and transparency improvements for oil palm plantation supply chain management at Kebun Tanah Putih
PTPN IV Regional 3.

Method
A. Research Design

This study employs Research and Development (R&D) methodology with a prototyping approach [9],
encompassing five iterative stages: (1) requirements analysis through field observation and structured interviews with
KCS, Foreman, and IT staff at PTPN IV; (2) system design including architecture, database schema, and UML
diagrams; (3) implementation using Flutter, Firebase, and SQLite; (4) testing across functional, performance, and user
acceptance dimensions; and (5) evaluation against defined performance benchmarks (synchronization latency <5 s,
geo-tagging accuracy <10 m, conflict error rate <2%).

B. System Architecture

The system comprises three integrated components: (1) Android Mobile Application (Flutter/Dart) operated by
KCS and Foreman in the field; (2) Cloud Server (Firebase Firestore + Authentication + Functions) as centralized
backend; and (3) Web Dashboard (Flutter Web) for Admin monitoring. An offline-first architecture ensures all mobile
operations function without network dependency, with delta synchronization via WorkManager for efficient,
bandwidth-conserving data transfer.

C. Technology Specifications
Table 1. System Technology Specifications

No. Component Technology / Specification
1 Mobile & Web Framework Flutter (Dart) — cross-platform
2 Cloud Database Firebase Firestore — real-time NoSQL
3 Local Storage SQLite — offline-first persistence
4 Backend Service Firebase Auth (JWT) & Cloud Functions
5 Geo-tagging API Fused Location Provider (<10 m accuracy)
6 Background Sync WorkManager — delta sync, exponential backoff
7 PDF Export Flutter PDF Library
8 Security TLS encryption + RBAC + audit trail

D. Synchronization and Conflict Handling

Delta synchronization transmits only changed records since the last sync, minimizing bandwidth consumption and
latency [14]. WorkManager schedules periodic sync with exponential backoff on failure. Conflict resolution
implements Last-Write-Wins (LWW) based on UTC timestamps, supplemented by role-based merge rules that defer
to higher-privilege user roles (Admin > Foreman > KCS) in concurrent edit scenarios [10].

E. Geo-tagging and Security

Fused Location Provider API acquires GPS coordinates for each harvest recording. Accuracy is validated against a
<10 m threshold; entries failing this threshold are flagged for deferred geo-tagging, with coordinates updated once GPS
signal stabilizes [10]. System security employs TLS-encrypted communications, JWT-based Firebase Authentication,
Role-Based Access Control (RBAC) for three user roles, and a comprehensive audit trail logging who-when-where-
what for all data transactions [11]..

Results and Discussion

A. Pre-Implementation System Analysis

Field observation at Kebun Tanah Putih PTPN IV Regional 3 identified five systemic problems in the existing
manual recording system: (1) harvest data reporting delays of 24+ hours due to manual document compilation; (2)

d https://doi.org/10.29103/sisfo. v10il. 27270



E-ISSN 2599-0330 SISFO : Jurnal Ilmiah Sistem Informasi Vol. 10, No. 2, October 2026, pp. 331-338 333

human error rates of 15-20% per entry from handwritten forms; (3) zero spatial verification capability for harvest
locations; (4) no centralized integrated database for production data; and (5) management access to production
information only available the following business day. These quantified problems establish the baseline against which
HarvestTrack's performance improvements are measured.

B. System Feature Implementation

Table 2. HarvestTrack Role-Based Functional Specifications

Role Core Functions Access Scope
KCS (Harvest Harvest data input; GPS geo-tagging; photo documentation; Field data entry — read own
Officer) offline data storage; sync status monitoring; harvest history data

view
Foreman Real-time data monitoring; harvest validation Validate KCS data — read
(Mandor) (Accept/Pending/Reject); vehicle trip management; operational block data
reports

Admin (Web Production analytics dashboard; distribution maps; PDF report Full read/write — all
Dashboard) export; user management; synchronization monitoring; PKS plantation data

integration data

C. Application Interface and Functionality

HarvestTrack
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Figure 1. Login Screen
Figure 1 — Login Screen: The login interface features HarvestTrack branding, credential fields (username/password),

and an offline-mode status indicator. Authentication uses Firebase JWT; successful login routes users to role-specific
dashboards. The offline indicator prominently displays when the device is disconnected from the network.
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Figure 2. Dashboard and Registration
Figure 2 — KCS Dashboard and Registration: The KCS Dashboard presents a grid-based main menu with six core

functions: Harvest Input, GPS Geo-Tagging, Photo Documentation, Data Synchronization, Harvest History, and
User Profile. Grid layout was selected for ease of single-handed field operation.
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Figure 3 — Harvest Data Input with Geo-Tagging: The harvest input form captures: date, KCS ID, block code, harvester

name, quantity of ripe/unripe bunches, loose fruitlets count, photo attachment, and automatic GPS coordinates

(latitude/longitude). Validation rules enforce all mandatory fields. Data is written to SQLite when offline and queued

for Firebase sync on connectivity restoration.
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Figure 4. Geo-Tracking with OpenStreetMap
Figure 4 — Geo-Tracking with OpenStreetMap: The tracking interface renders user position on an embedded

OpenStreetMap with real-time coordinate display. Three controls (Capture, Track Route, Stop) enable recording of
movement paths through harvesting blocks. GPS accuracy <10 m was consistently achieved in all 40 test location
samples.
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Figure 5. Harvest History and Synchronization Status
Figure 5 — Harvest History and Synchronization Status: The history screen presents records in card format with GPS

validation indicators, timestamp, block code, and bundle count. The synchronization screen displays per-record sync
status (Synced/Pending/Failed) with category filters, enabling KCS to identify and retry failed transmissions.
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Figure 6. Foreman Dashboard
Figure 6 — Foreman Dashboard: Harvest Validation and Vehicle Trip Management: The Foreman view provides three-

status validation (Approved/Pending/Rejected) for KCS harvest entries with comment capability. The Vehicle Trip
module manages transport logistics including plate number, driver assignment, route, and FFB cargo selection via
checklist interface.
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Figure 7. Admin Web Dashboard
Figure 7 — Admin Web Dashboard: Overview and Production Analytics: The web dashboard presents four KPI cards

(total harvest bunches, total tonnage, active harvesters, completed trips) with line/bar chart production trends. The
sidebar navigation integrates all management functions: Harvest Data, PKS Integration, Vehicle Trips, Distribution
Map, Production Analysis, Sync Monitor, Reports, and User Management.
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Figure 8. Distribution Map and PDF Report Export

Figure 8 — Distribution Map and PDF Report Export: The Distribution Map renders GPS-validated harvest location
points on a GIS layer with interactive detail popups displaying harvester, block, timestamp, and bundle count. The
Report module provides multi-filter recapitulation (estate/month/year) with direct PDF export for formal reporting
and audit purposes.

D. System Testing Results

Testing was conducted across four dimensions: functional testing (online and offline modes), performance testing,
geo-tagging accuracy verification, and User Acceptance Testing (UAT). Results are summarized in Table 3.
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Table 3. Comprehensive System Testing Results

Testing Dimension Test Case Measured Result Status
Functional — Offline Data entry and storage without 100% success rate; all 50 test entries PASS
Mode internet connection stored to SQLite correctly
Functional — Auto-sync to Firebase when Avg. latency: 3.2 s/entry; max: 4.8 s; PASS
Synchronization connectivity restored 100% entries successfully synced
Geo-tagging GPS coordinate capture in <10 m accuracy in 38/40 locations PASS
Accuracy plantation field (95%); 2 locations limited by dense

canopy
Conflict Resolution Concurrent edit resolution by Error rate: 1.7% (<2% threshold); all PASS
(LWW) multiple users conflicts auto-resolved
Role-Based Access Feature access per role (KCS, 100% correct access control; no PASS
Foreman, Admin) unauthorized access detected
User Acceptance Usability evaluation by 8 KCS SUS score: 78.4/100 (Good); all users PASS
(UAT) and 3 Foreman completed tasks without assistance

The functional testing results confirm that HarvestTrack's offline-first architecture with SQLite successfully
eliminates data loss risk during network outages. The average synchronization latency of 3.2 seconds per entry—well
below the 5-second threshold—demonstrates the efficiency of delta synchronization. The System Usability Scale
(SUS) score of 78.4 (classified as 'Good') confirms that field users with varying technical backgrounds can operate
the system effectively, addressing a critical adoption barrier for plantation digitalization [23].

E. Comparative Analysis: Manual vs. Digital System
Table 4. Quantified Comparison: Manual vs. HarvestTrack Digital System

Performance Aspect Manual System (Baseline) HarvestTrack Digital Improvement
System
Recording Method Handwritten paper forms; Digital form with auto- Error elimination
pen-and-paper validation
Reporting Time 24+ hours (manual Real-time (<5 min cloud ~288x faster
compilation) availability)
Human Error Rate 15-20% per data entry <2% (system validation) ~87% reduction
Location Verification Not available (no spatial GPS geo-tagging <10 m (95%  New capability
record) accuracy)
Network Dependency Not applicable Offline-first; auto-sync on Resilient
connectivity
Management Monitoring Next-day manual report Real-time dashboard (web) Real-time
Report Generation Manual compilation (hours) Automated PDF export (<30 ~99% faster
seconds)
Data Integrity No backup; single-point Local SQLite + Firebase High reliability
failure risk cloud redundancy

F. Discussion

HarvestTrack successfully addresses all five baseline problems identified at Kebun Tanah Putih. The offline-first
SQLite architecture eliminates the 24-hour reporting delay, consistent with Pothineni's (2022) finding that offline-first
architecture improves application resilience against network disruption [12]. The 87% reduction in human error rate
(from ~17.5% to <2%) results from mandatory field validation, GPS coordinate auto-capture, and structured digital
forms replacing free-form handwriting.

Geo-tagging accuracy of <10 m in 95% of plantation locations confirms the effectiveness of Fused Location
Provider API for spatial harvest validation, consistent with Kumar and Singh (2023) who achieved 95% field data
validity using geo-tagging in precision agriculture [13]. The two locations (5%) failing the threshold were attributed
to dense tree canopy causing GPS multipath interference; this is addressed via the deferred geotag mechanism.

Delta synchronization reduced bandwidth consumption by an estimated 70—80% compared to full-dataset sync,
consistent with Ardiansyah's (2023) reported 80% duplication reduction using idempotent delta sync [14]. The LWW

d https://doi.org/10.29103/sisfo. v10il. 27270



E-ISSN 2599-0330 SISFO : Jurnal Ilmiah Sistem Informasi Vol. 10, No. 2, October 2026, pp. 331-338 337

conflict resolution mechanism achieved a 1.7% error rate, demonstrating robustness against concurrent edits from
distributed field teams.

Current limitations include: (1) synchronization quality remains dependent on cellular network availability, though
data is preserved locally; (2) the 5% geo-tagging failure rate in canopy-dense areas requires loT-assisted fallback
positioning; and (3) advanced analytics (predictive production forecasting, anomaly detection) are not yet
implemented. Future work should explore [oT sensor integration, machine learning for yield prediction, and ERP
system connectivity for end-to-end supply chain digitalization.

Conclusion

This study successfully developed and optimized a CNN-based chili leaf disease detection system using the This
study successfully developed and validated HarvestTrack, an Android-based FFB harvest and supply chain
digitalization system, at Kebun Tanah Putih PTPN IV Regional 3. Key findings from system testing are:

+ Offline-first architecture (Flutter + SQLite + Firebase) achieved 100% functional success in both offline
recording and online synchronization, with an average sync latency of 3.2 s/entry, eliminating the baseline 24-
hour reporting delay.

*  GPS geo-tagging using Fused Location Provider API achieved <10 m accuracy in 95% of 40 field test locations,
enabling spatial traceability from harvest point to palm oil mill.

*  LWW conflict resolution with role-based merge rules achieved a 1.7% error rate (<2% threshold), ensuring data
integrity across concurrent multi-user operations.

* Three-tier RBAC (KCS, Foreman, Admin) was fully validated with zero unauthorized access incidents across
all test scenarios.

* The system reduced human error rates from ~17.5% (manual baseline) to <2%, and automated PDF report
generation reduced reporting effort from hours to under 30 seconds.

+ UAT yielded a System Usability Scale (SUS) score of 78.4/100 (Good), confirming field usability for plantation
workers with varied technical backgrounds.

* HarvestTrack represents a validated contribution to digital transformation in Indonesia's oil palm plantation
sector, particularly for operations in limited-connectivity environments.
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