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Anomauin

YV mesax posenadaemsca apximexmypa yugposux niamgopm 0ia KoopouHayii 6010HmMepi6 ma pecypcié nio uac
HaozguualHux cumyayin. IIpoananizogano Kuo4o8i apXimekmypHi nioxoou, 30Kpema MIKpocepsicHa ma nooieo-
OpieHmo8ana apximexmypa, wo 3ab6e3neuyroms Macumado8aHicme, GIOMOBOCMILIKICb [ 2HyuKicmb naamgopm.
Onucano OCHOBHI MOOYII CUCMEMU. VAPAGIIHHS 60JIOHMEPAMU, PO3NOOLL PecypcCis, 2e0NOKAYIiHe GI0CMENCeHHs ma
inmeepayis 3 306HiwHIMU cyacoamu. O62060prOEMbCs BUOIP MEXHONIOIYHO20 CMEKY MA MeXawizmu 3a0e3neyeHHs.
be3nexu OaHux.

KaiouoBi ciioBa: xoopanHallisi BOJIOHTEPIB, Ha[3BUUAIHI CHTYaIlli{, MIKpOCEpBICHA apXiTEKTypa, PO3IOIiI pecypCiB,
iaTdopma ryMaHiTapHOI JOOMOT'H, MTOJIIEBO-OPIEHTOBaHA apXITEKTYpa, [COJIOKAITis.

Abstract

The paper examines the architecture of digital platforms for coordinating volunteers and resources during emergency
situations. Key architectural approaches, including microservice and event-driven architecture, are analyzed to ensure
platform scalability, fault tolerance, and flexibility. The main system modules are described: volunteer management,
resource allocation, geolocation tracking, and integration with external services. The choice of technology stack and data
security mechanisms are discussed.

Keywords: volunteer coordination, emergency situations, microservice architecture, resource allocation,
humanitarian aid platform, event-driven architecture, geolocation.

Introduction

The increasing frequency and scale of natural disasters, armed conflicts, and other emergencies demand
effective digital solutions for rapid response coordination. Traditional paper-based or phone-based approaches
are insufficient for managing large numbers of volunteers and material resources in real time. In Ukraine and
globally, the experience of recent crises has demonstrated that well-designed digital platforms can drastically
reduce response time and improve the efficiency of humanitarian operations [1]. This paper addresses the
architectural principles underlying platforms designed to coordinate volunteers and resources during
emergencies.

Architectural Requirements and Design Principles

Platforms for emergency coordination must satisfy stringent non-functional requirements: high availability
(99.9% uptime or better), horizontal scalability to handle sudden spikes in user load, and sub-second response
latency for critical operations. Security and privacy of personal data, offline-first capabilities for unstable
network conditions, and multi-tenancy support for different organizations are equally important [2-3]. From a
design perspective, the separation of concerns principle suggests decomposing the system into clearly bounded
contexts: user identity and authorization, volunteer lifecycle management, resource cataloguing and allocation,
task dispatching, notifications, and geospatial services. Each context can evolve independently, reducing the
risk of cascading failures.

Microservice and Event-Driven Architecture
A microservice architecture (MSA) is well suited for emergency coordination platforms because it allows
individual services to be deployed, scaled, and updated independently. Each microservice owns its data store,
communicating with peers via well-defined APIs or an asynchronous message broker such as Apache Kafka
or RabbitMQ. This loose coupling ensures that a failure in one service, for example the notification service,
does not prevent the resource allocation service from functioning [4]. Event-driven architecture (EDA)



complements MSA by enabling real-time data propagation. When a new task is created or a resource becomes
available, an event is published to a topic. Interested consumers — mapping services, volunteer apps, analytics
dashboards —react to this event without tight coupling. This pattern is particularly valuable during emergencies
where the system state changes rapidly and all stakeholders must receive consistent, up-to-date information [5].

Core Platform Modules

The proposed architecture comprises the following principal modules: (1) Volunteer Management — handles
registration, skill profiling, availability scheduling, and assignment tracking; (2) Resource Allocation —
maintains an inventory of material assets (food, medicine, equipment) and supports automated matching
algorithms; (3) Geolocation and Mapping — provides real-time GPS tracking of volunteers and vehicles via
OpenStreetMap or similar services; (4) Task Dispatcher — applies priority-based scheduling to match
volunteers with tasks by proximity, skill, and urgency; (5) Notification Gateway — delivers push, SMS, and
email alerts via a unified API; (6) Analytics and Reporting — aggregates operational data for decision-makers
and post-incident review [3; 6].

Technology Stack and Security

For the backend, Node.js or Go offer high throughput for I/O-bound coordination tasks, while Python suits
analytics components. PostgreSQL with the PostGIS extension handles both relational and spatial queries.
React and React Native enable code sharing across web and mobile surfaces. Container orchestration via
Kubernetes provides automated scaling and self-healing, and a CI/CD pipeline with automated testing
maintains reliability during continuous updates [2; 7]. Regarding security, OAuth 2.0 and OpenlID Connect
provide standards-compliant authentication, while role-based access control (RBAC) limits data exposure
according to organizational hierarchy. All inter-service communication must be encrypted via TLS 1.3. Given
the potential for targeted cyberattacks during crises, rate limiting, intrusion detection, and regular penetration
testing are essential [1; 7].

Conclusions
The analysis shows that combining microservice and event-driven approaches, geospatial capabilities, and
a modular design provides the best foundation for volunteer and resource coordination platforms in
emergencies. The proposed architecture ensures high availability, scalability, and security while remaining
flexible enough to integrate with existing governmental and NGO systems. Future work will focus on
incorporating artificial intelligence for predictive resource allocation and automated task prioritization, further
enhancing platform effectiveness in crisis response.
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