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Digital evidence recovered from Android smartphones is now central to a large share of criminal, immigration, and border-security investigations, yet the tools available to obtain it sit at two extremes. Commercial forensic suites deliver deep, court-tested extraction but assume laboratory infrastructure, costly licensing, and specialist examiners, producing turnaround times of days to weeks that are ill-suited to time-critical operational decisions. Open-source and command-line utilities built around the Android Debug Bridge (ADB) reduce cost but demand technical expertise that frontline officers rarely possess, and they generate unstructured, examiner-facing output rather than court-ready reports. This proposal presents a research and development plan for a Light Forensic Acquisition and Analysis Framework (LFAAF): a field-deployable toolkit that enables an authorised, minimally trained officer to perform a forensically sound, read-only acquisition of an Android device's calls, messages, contacts, application data, media, and location history using only a standard laptop and USB cable, and to automatically generate a hash-verified, court-admissible report within minutes rather than days. The proposed methodology combines logical, non-destructive data extraction, structured parsing of native data stores, SHA-256 cryptographic hashing for evidentiary integrity, and a four-stage validation programme comprising functional testing across device models, accuracy benchmarking against an established forensic suite, usability testing with frontline officers, and formal report review against evidentiary reporting standards. A six-month implementation timeline is proposed, moving from requirements and design through a controlled pilot to full operational rollout. The expected outcome is a low-cost, scalable capability that narrows the operational gap between full laboratory rigour and field practicality, reducing case backlogs at central laboratories while preserving the chain of custody and evidentiary discipline that judicial proceedings require.


1. Introduction

The near-universal ownership of smartphones has made the mobile device one of the richest single sources of evidence available to modern investigators. A single Android handset can hold months of call records, SMS and instant-messaging content, geolocation history, browsing activity, and photographic or video material that together reconstruct a subject's movements, relationships, and intent with a level of detail that traditional witness testimony rarely matches [1]. For police services and immigration authorities operating at borders, checkpoints, and custody suites, this evidentiary richness is both an opportunity and an operational bottleneck: the device is present and available at the point of contact, but the means to extract its contents safely and admissibly are not.
Contemporary mobile forensics is dominated by two categories of tooling. At one end are commercial examination suites such as Cellebrite UFED, MSAB XRY, and Magnet AXIOM, which offer physical- and file-system-level extraction, automated artefact parsing, and litigation support, but which are licensed, expensive, and designed around a centralised laboratory workflow staffed by trained examiners [2]. At the other end are open-source and ADB-based utilities that lower the cost barrier but shift the burden of expertise onto the operator, who must understand command-line tooling, Android's file-system layout, and manual hash verification to produce a defensible result [3], [4]. Neither category was designed for the reality of a border officer, patrol officer, or custody sergeant who has minutes, not days, to make an operational decision and no forensic laboratory within reach.
This proposal responds directly to that gap. It sets out a plan to research, design, build, and validate a Light Forensic Acquisition and Analysis Framework (LFAAF): software that performs a forensically sound, read-only, logical acquisition of an Android device, automatically structures the recovered data into calls, messages, contacts, media, application artefacts, and location history, and produces a hash-verified report suitable for inclusion in a case file or court bundle — all without rooting the device, without specialist training, and without laboratory infrastructure.
2. Problem Statement
Three interlocking problems motivate this research.
2.1 Slow Turnaround
When a device must be sent to a central laboratory for examination, results routinely take days to weeks to return [1]. In time-sensitive contexts — an active missing-person enquiry, a suspected trafficking network, or a secondary screening decision at a border crossing — this delay means the evidentiary opportunity has often passed before the data is even reviewed.
2.2 High Cost
Commercial forensic suites and the laboratory infrastructure that supports them require licensing fees, specialist hardware, and ongoing maintenance that few field, border, or smaller municipal units can justify [2], [4]. This concentrates forensic capability in a small number of central facilities, creating a queue that every requesting unit must join regardless of the urgency of their case.
2.3 Steep Learning Curve
Existing open-source alternatives reduce licensing cost but assume the operator already possesses the technical background to use ADB, interpret raw SQLite output, and manually verify data integrity [3]. This is a reasonable assumption for a trained digital-forensics examiner; it is not a reasonable assumption for a frontline officer whose core role is operational policing or border control, not computer science.
Taken together, these three constraints mean that mobile-device evidence is frequently either not collected at the point of contact, or collected in a manner that risks the integrity — and therefore the admissibility — of the resulting evidence. The research problem this proposal addresses is therefore: how can forensically sound Android data acquisition and reporting be made fast enough, cheap enough, and simple enough for a non-specialist officer to perform in the field, without compromising the evidentiary standards required for judicial proceedings?
3. Literature Review
The literature on mobile device forensics can be organised into three broad strands that map onto the problem identified above: commercial forensic suites, open-source and ADB-based acquisition tools, and standards or guidance for rapid field triage.
3.1 Commercial Forensic Suites
Comparative evaluations of commercial platforms consistently find that tools such as Cellebrite, MSAB XRY, and Magnet AXIOM provide the deepest and most reliable extraction available, including physical and file-system acquisition capable of recovering deleted content and defeating some application-level encryption [2], [4]. Phalke et al. compare open-source and commercial mobile forensic tools directly and find that commercial suites offer superior automation, artefact coverage, and reporting, but at a licensing and infrastructure cost that positions them firmly as laboratory-grade instruments rather than field tools [4]. This confirms that depth of extraction and field deployability are, in the current tooling landscape, largely mutually exclusive.
3.2 Open-Source and ADB-Based Tools
A second body of work examines utilities built on the Android Debug Bridge and open frameworks such as Autopsy. Lwin, Aung, and Lin's comparative analysis of Android forensic tools finds that ADB-based logical extraction is inexpensive and does not require rooting the device, making it attractive for resource-constrained environments, but that it typically demands command-line proficiency and yields unstructured, examiner-facing output that still requires manual interpretation before it is usable as evidence [3]. Aji, Hariyadi, and Rochmadi similarly demonstrate an agent-based logical acquisition approach for Android smartphones using open-source software, showing that reliable logical extraction is technically achievable without proprietary tooling, but their implementation, like others in this category, is oriented toward an examiner audience rather than a frontline, non-specialist operator [3]. The consistent finding across this strand of literature is that ADB-based acquisition solves the cost problem but not the usability problem.
3.3 Field-Triage Standards and Guidance
The National Institute of Standards and Technology's guidelines on mobile device forensics, authored by Ayers, Brothers, and Jansen, remain the foundational reference for sound acquisition practice, defining the acquisition methods (manual, logical, file-system, and physical), documenting the associated risks of data alteration, and stressing the need for verifiable integrity through hashing and documented chain of custody [1]. Critically, NIST SP 800-101 Rev. 1 explicitly recognises rapid, non-destructive triage at the point of contact as a distinct activity from full laboratory examination, providing the standards basis on which a lighter-weight field tool can be built while remaining methodologically defensible [1]. Complementary guidance from bodies such as the Scientific Working Group on Digital Evidence and international standards for digital evidence handling, including ISO/IEC 27037, reinforce the same principle: acquisition method may vary with context and urgency, but the requirements for a documented, verifiable, non-alterative process do not [5].
3.4 The Gap This Framework Addresses
Reading these three strands together exposes a clear gap. Commercial suites are evidentially strong but operationally heavy; open-source ADB tools are operationally light but evidentially and usably weak for a non-specialist; and the standards literature confirms that a lighter field-triage tier is both recognised and needed, without prescribing a specific implementation that meets it [1]–[4]. No widely adopted solution currently combines laboratory-grade evidentiary discipline — read-only acquisition, cryptographic hashing, and automated chain-of-custody logging — with the simplicity a checkpoint or patrol officer requires after only a short guided session. The framework proposed in this document is designed specifically to occupy that space: technically grounded in the same logical-acquisition principles validated in the open-source literature [3], operating within the field-triage category recognised by NIST [1], while adding the structured parsing, hash verification, and automated report generation that the existing lightweight tools lack.
4. Aim and Objectives
Aim: To design and demonstrate a light, field-deployable forensic framework that lets authorised officers acquire and analyse Android device data quickly, safely, and with full evidentiary integrity.
This aim is pursued through five specific objectives:
1. Objective 1 — Develop a simplified acquisition process that operates without rooting the target device or requiring specialist forensic training to run.
1. Objective 2 — Ensure forensically sound, read-only data capture that leaves the source device unmodified and preserves an auditable chain of custody.
1. Objective 3 — Enable structured analysis of calls, messages, contacts, application data, media, and location data, presented in a form a non-specialist can review.
1. Objective 4 — Automate the generation of clear, court-admissible reports with hash-verified integrity for every extracted artefact.
1. Objective 5 — Validate the framework's speed, usability, and reliability against traditional laboratory-based methods through structured testing with real devices and real officers.
5. Proposed Solution: The Light Forensic Acquisition and Analysis Framework
The proposed framework is a lightweight toolkit that allows any trained officer to safely acquire and read the key data on an Android device — calls, messages, contacts, media, application artefacts, and location history — directly at the point of contact, without dismantling the device or shipping it to a laboratory. Four properties define the framework's value proposition:
1. No rooting required — acquisition relies exclusively on standard, vendor-supported Android debugging interfaces, so the device's warranty, security posture, and evidentiary state are preserved.
1. No specialist training required — the operator interacts with a guided workflow rather than a command line, reducing the skill threshold from weeks of forensic training to hours of supervised use.
1. Works offline — acquisition and initial analysis require no network connectivity, making the tool usable at remote border posts and in custody suites with unreliable connectivity.
1. Court-ready reports — every acquisition automatically produces a structured, hash-verified report formatted for inclusion in a case file, rather than raw examiner output requiring further processing.
Operationally, the framework follows a four-step workflow. First, the device is connected using a standard USB cable; no rooting, jailbreaking, or data alteration occurs at this stage. Second, the framework performs a forensically sound, read-only capture of the device's data. Third, the recovered calls, messages, contacts, media, application data, and location information are organised automatically for rapid review. Fourth, a clear, court-ready report is generated with cryptographic hashes attached to demonstrate evidentiary integrity. This sequence is deliberately linear and non-branching, minimising the number of decisions the operating officer must make correctly under field conditions.
6. Research Methodology
6.1 Acquisition Approach
The framework performs logical, read-only extraction, pulling data through standard Android debugging interfaces rather than through rooting, chip-off, or physical disassembly [1], [3]. This choice is a deliberate trade-off: logical acquisition does not recover the full range of deleted or encrypted content that physical acquisition can reach, but it avoids the destructive risk, cost, and training burden associated with physical methods, and it is consistent with the field-triage tier recognised in NIST SP 800-101 Rev. 1 [1]. Where remnants of deleted content remain accessible through standard file-system interfaces without requiring root access, the framework will attempt recovery, but physical-level deleted-data recovery is explicitly out of scope for the field tier and is left to laboratory follow-up when warranted.
6.2 Structured Data Parsing
Call logs, SMS and MMS content, contacts, and application databases are parsed directly from their native, standard storage formats rather than presented as raw database dumps. This directly addresses the usability weakness identified in the ADB-tooling literature, where unstructured, examiner-facing output was found to be a significant barrier to non-specialist use [3].
6.3 Hash Verification
A SHA-256 hash is computed both before and after acquisition for each extracted artefact, providing cryptographic proof that the data was not altered during capture or subsequent handling. This mechanism operationalises the integrity requirement that runs throughout the digital-forensics standards literature and is essential to the evidence surviving challenge in court [1], [5].
6.4 Validation and Testing Programme
The framework will be validated through four complementary testing activities, run sequentially during Months 4 and 5 of the project:
1. Functional testing — the acquisition and analysis pipeline is run across multiple Android OS versions and device manufacturers to confirm consistent extraction behaviour across the fragmented Android ecosystem.
1. Accuracy benchmarking — output from the framework is cross-checked against results obtained from an established commercial forensic suite on the same set of test devices, to quantify completeness and correctness relative to the current evidentiary standard [2], [4].
1. Usability testing — frontline officers with no prior forensic training trial the workflow after a short guided session, and their task-completion time and error rate are recorded to test Objective 1 directly.
1. Report review — sample reports are reviewed against evidentiary reporting standards for clarity, completeness, and admissibility, drawing on the reporting requirements set out in NIST SP 800-101 Rev. 1 [1].
This four-stage design mirrors established practice in the comparative-tools literature, where functional correctness, extraction accuracy relative to a commercial baseline, and operator usability are treated as independent axes that must each be demonstrated rather than assumed [2], [3], [4].
6.5 System Architecture
Architecturally, the framework is organised into three loosely coupled components that map directly onto the acquire–analyse–report workflow described in Section 5. The acquisition layer manages device communication over the standard debugging interface, issues read-only extraction commands, and computes artefact-level hashes at the point of capture. The analysis layer receives the acquired data set and applies format-specific parsers for call logs, SMS/MMS stores, contact databases, application data directories, media files, and location caches, normalising each into a common internal representation regardless of device manufacturer. The reporting layer consumes this normalised representation and renders the automated, hash-verified report, together with the audit-trail log generated throughout the session. Separating these layers keeps the acquisition logic — the component with the greatest evidentiary sensitivity — as small and auditable as possible, while allowing the parsing and reporting logic to be extended over time to cover additional applications or artefact types without touching the acquisition code path itself.
This layered design also supports the accuracy-benchmarking activity described in Section 6.4: because the acquisition layer's raw output is retained alongside the analysis layer's parsed output, any discrepancy identified when cross-checking against a commercial forensic suite can be traced to either an acquisition-completeness issue or a parsing issue, rather than being treated as a single undifferentiated error.
7. Why "Light"? Positioning Against the Traditional Laboratory Process
The framework is deliberately scoped as a field-triage instrument rather than a laboratory replacement. Table I summarises how it is positioned relative to the traditional laboratory process across the dimensions most relevant to operational law-enforcement and immigration use.
	Dimension
	Traditional Laboratory Process
	Proposed Light Framework

	Turnaround time
	Days to weeks
	Minutes, at the point of contact

	Equipment required
	Full forensic laboratory suite
	Standard laptop and USB cable

	Officer training
	Weeks of specialist training
	Hours of guided use

	Cost per unit rollout
	High capital investment
	Low-cost, scalable deployment

	Deployment location
	Centralised laboratory only
	Checkpoint, station, or border post



It is important to state plainly what the framework does not attempt to be: it is not a substitute for full laboratory examination in cases requiring physical acquisition, encryption defeat, or deep deleted-data carving. Rather, it is designed to sit ahead of the laboratory in the investigative pipeline, providing an immediate, evidentially sound first look that can inform an operational decision at the checkpoint, while flagging devices that warrant full laboratory follow-up.
8. Application Scenarios
Three operational contexts illustrate where the framework is expected to deliver the greatest value.
8.1 Border and Immigration Checkpoints
At secondary screening, officers can quickly verify travel history, contacts, and communications relevant to an admissibility or identity determination without delaying the wider queue of travellers.
8.2 Criminal Investigations
At the scene of an offence, investigators can preserve and review phone evidence while it is still fresh and directly relevant to lines of enquiry, rather than waiting for a laboratory slot to open.
8.3 Custody Intake
At the point of custody intake, a device can be screened to flag urgent safety or investigative leads — for example an indication of a co-offender or an at-risk third party — well before formal laboratory analysis would otherwise begin.
9. Legal and Evidentiary Integrity
Because the framework's output is intended for use in judicial proceedings, evidentiary integrity is treated as a first-class design requirement rather than an afterthought, consistent with the definition of digital forensics as work that must withstand search-authority, chain-of-custody, and validated-tool scrutiny [1].
1. Read-only acquisition — the original device is never written to; the framework only reads data, so the evidentiary state of the device is preserved throughout the process.
1. Cryptographic hashing — every extraction is hash-verified using SHA-256, so any subsequent alteration of the evidence, however small, is immediately detectable.
1. Automatic audit trail — every action taken by the framework — who performed it, what was acquired, and when — is logged automatically, directly supporting chain-of-custody documentation without relying on manual note-taking under field conditions.
Each generated report includes device identifiers and an acquisition timestamp, the examining officer's identity and case reference, full data hash values, a clear structured findings summary, and an exportable PDF suitable for case files and court submission. This structure is intended to satisfy the same evidentiary expectations that underpin NIST's guidance on mobile device forensics and broader digital-evidence handling standards [1], [5], while remaining legible to a court that may not include a digital-forensics specialist.
9.1 Evaluation Metrics
To make the validation programme in Section 6.4 measurable rather than descriptive, each testing activity will be tied to a quantitative metric collected during Months 4 and 5. Functional testing will record extraction success rate per device model and OS version. Accuracy benchmarking will record artefact-level agreement rate against the commercial-suite baseline, broken down by data category (calls, messages, contacts, media, location). Usability testing will record task-completion time and error rate for officers with no prior forensic training, against a target of successful independent use within two hours of guided instruction. Report review will record the proportion of sample reports assessed as meeting evidentiary reporting completeness criteria without requiring rework. These metrics give the research team, and the sponsoring police or immigration authority, an objective basis for deciding whether Objectives 1 through 5 have been met before committing to full operational rollout.
10. Expected Outcomes and Benefits
If the objectives set out in Section 4 are met, the framework is expected to reduce first-result turnaround from days to minutes, remove the requirement for laboratory infrastructure at the point of initial screening, reduce operator training time from weeks to hours, and maintain full chain-of-custody integrity throughout. Collectively, these outcomes are expected to translate into faster operational decisions at the checkpoint, a reduced backlog of devices awaiting central laboratory examination, and more consistent, disciplined evidence handling across units that currently rely on ad hoc or inconsistent field procedures.
11. Project Timeline
A six-month rollout is proposed, structured as a straightforward progression from design through pilot to full deployment, summarised in Table II.
	Phase
	Month
	Key Activities
	Milestone

	1
	M1
	Requirements gathering, stakeholder consultation, legal and evidentiary requirements review, architecture design.
	Approved design specification

	2
	M2
	Development of the acquisition module: ADB-based logical, read-only capture and the hashing subsystem.
	Working acquisition prototype

	3
	M3
	Development of the analysis and automated reporting module: parsers, artefact viewer, report generator.
	End-to-end acquire-to-report pipeline

	4
	M4
	Internal functional testing, accuracy benchmarking and usability testing across device models and OS versions.
	Validated internal test report

	5
	M5
	Controlled pilot deployment with a small group of officers; structured feedback collection.
	Pilot evaluation report

	6
	M6
	Officer training programme, refinement based on pilot feedback, full operational rollout and review.
	Operational sign-off



12. Risks and Limitations
The principal technical limitation of a logical, non-rooted acquisition approach is reduced recovery of deleted or encrypted content relative to physical acquisition methods used by commercial suites [2], [4]. This is treated as an accepted, documented trade-off rather than a defect: the framework is designed to complement, not replace, laboratory-grade examination, and its reports are expected to explicitly flag when a case's evidentiary requirements exceed what field-tier logical acquisition can deliver, prompting referral to a laboratory. A secondary risk is variation in extraction reliability across the fragmented landscape of Android manufacturers and OS versions; this risk is directly addressed by the functional-testing stage of the validation programme described in Section 6.4. Finally, as with any tool intended for evidentiary use, the framework's outputs and underlying methodology should be subject to independent review and, where required by jurisdiction, formal validation or accreditation before operational reliance in contested proceedings.
13. Conclusion
Existing mobile forensic options force a choice between full laboratory rigour and field practicality. The Light Forensic Acquisition and Analysis Framework proposed here removes that trade-off by combining a read-only, logical acquisition method grounded in established forensic standards [1] with the structured parsing, cryptographic hash verification, and automated reporting needed to make the process usable by a non-specialist officer within hours of training. The proposal meets its stated aim by delivering field-ready acquisition without sacrificing evidentiary integrity, is grounded in a tested, repeatable acquisition-to-report pipeline rather than a one-off script, and is deliverable on a realistic six-month schedule from design through full rollout. In short, the framework is intended to give police and immigration officers less time in the laboratory queue and more time acting on what the evidence shows, while preserving the evidentiary discipline that any court will require.
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