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Abstract:

Modern distributed applications produce an overwhelming amount of log data across services, nodes,
and containers. Efficient log analysis and visualization are essential for maintaining operational
integrity, security, and performance. Kibana [1], the visualization layer of the Elastic Stack (ELK),
when deployed in AWS, enables scalable and interactive exploration of log data. This paper presents a
research-driven study on deploying Kibana [1] in the AWS environment, integrating it with
Elasticsearch and Logstash/Filebeat [3] for centralized log aggregation. It explores architectural
patterns, deployment methods (including managed services like Amazon OpenSearch [2]), and the
benefits of real-time log exploration for DevOps, security, and compliance.
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1. INTRODUCTION

In cloud-native environments, application observability is no longer optional. Teams need real-time access to
logs, metrics, and traces to detect anomalies, investigate incidents, and ensure system health. Kibana [1]
provides a powerful interface for exploring data indexed in Elasticsearch, including logs ingested via Logstash
or Filebeat [3]. In AWS environments, Kibana [1] can be deployed on EC2 instances, containerized in ECS
or EKS, or used via Amazon OpenSearch [2] Service, a fully managed Elasticsearch-compatible offering.
This paper focuses on the architectural best practices, deployment strategies, and log exploration use cases
that make Kibana [1] a core component in modern AWS-based observability stacks.

2. ARCHITECTURE OF LOG ANALYSIS WITH KIBANA [1] ON AWS
A typical log analysis pipeline in AWS includes:
Log Sources: Applications, EC2 instances, Kubernetes [4] pods, and AWS services like CloudTrail,
Lambda, and ALB.
o Log Shippers: Filebeat [3] (lightweight agent) or Logstash (data processing pipeline).
e Data Store: Elasticsearch hosted on Amazon OpenSearch [2] or self-managed.
Visualization Layer: Kibana [1], connected to the Elasticsearch cluster.

Logs are collected and shipped via Filebeat [3] or Logstash, enriched and filtered in transit, indexed into
Elasticsearch, and then visualized and queried using Kibana [1]. This architecture supports horizontal scaling,
high availability, and role-based access control through integrations with AWS IAM or Cognito.

3. DEPLOYMENT STRATEGIES IN AWS

For organizations adopting Kubernetes on AWS (via EKS), Kibana deployment can be automated and
managed using Helm charts. The official Elastic Helm charts provide a straightforward way to deploy Kibana,
Elasticsearch, and Beats within an EKS cluster. A typical Helm-based deployment involves:
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Adding the Elastic Helm repository: "helm repo add elastic https://helm.elastic.co’

Installing Kibana with custom values: "helm install kibana elastic/kibana -f values.yaml’
Configuring ingress with AWS Load Balancer Controller to expose Kibana securely over HTTPS.
Integrating with AWS IAM Roles for Service Accounts (IRSA) to provide secure access to AWS
services.

=

Helm also allows easy scaling, rolling upgrades, and integration with Kubernetes-native monitoring tools like
Prometheus and Grafana.

When using Helm in production, it is recommended to store Helm values in a GitOps repository, enabling
version-controlled, repeatable deployments across multiple environments. When deploying Kibana in EKS,
Kubernetes resource definitions control the number of pods and their replicas. Helm charts allow specifying
'replicaCount' to determine how many Kibana pods run concurrently. This ensures high availability; if one
pod fails, the Kubernetes control plane automatically reschedules it on another node. In multi-AZ EKS
clusters, replicas can be distributed across zones for fault tolerance.

Kibana pods are typically fronted by a Kubernetes Service of type ClusterIP or LoadBalancer, and logs from
each pod are captured by DaemonSets such as Fluent Bit or Filebeat [3], which run on every node in the
cluster. These DaemonSets automatically detect new pods and stream logs in near real-time to Elasticsearch
or Logstash.

Scaling Kibana can be horizontal adding more pods or vertical allocating more CPU and memory per pod.
Kubernetes Horizontal Pod Autoscaler (HPA) can also adjust Kibana replicas based on CPU/memory
utilization or custom metrics like request latency.

Using Helm, operators can apply rolling upgrades, ensuring zero downtime during version changes, and
maintain consistent configuration across environments by using values.yaml files stored in a GitOps
repository.

There are two primary options for deploying Kibana in AWS:

1. Amazon OpenSearch [2] Service: AWS's managed service that includes Elasticsearch and Kibana
[1] (rebranded as OpenSearch Dashboards). It offers automated provisioning, backups, scaling, encryption,
and TAM-based security.

2. Self-Managed Deployment: Deploy Kibana [1] and Elasticsearch on EC2 instances, using custom
AMIs or Docker containers.

Use Helm charts and Kubernetes [4] manifests for deployment in AWS EKS. Integrate with Elastic Cloud or
deploy using AWS Marketplace images.

Security best practices include setting up VPC endpoints, encryption in transit (TLS), and fine-grained access
controls using AWS Cognito, [AM roles, or native Elastic security features.

4. LOG INGESTION AND INDEXING TECHNIQUES

Logs can originate from multiple sources: system logs, application logs, web server logs, and AWS services.
Filebeat [3] is commonly used for lightweight forwarding, while Logstash provides more complex parsing,
filtering, and enrichment.

Example Logstash filter:
filter {
grok {
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match => { "message" => "% {COMBINEDAPACHELOG}" }
j
date {

match => [ "timestamp", "dd/MMM/yyyy:HH:mm:ss Z" ]

b
}

Kibana [1] indexes this data in Elasticsearch, where users can explore structured fields, perform full-text
search, create dashboards, and set up alerting and anomaly detection via machine learning features.

5. Use Case: Kubernetes [4] Logging with EKS and Kibana [1]

In a production-grade AWS EKS cluster, logs from containers are streamed to stdout and stderr. Fluent Bit
[5] or Filebeat [3] DaemonSets can collect these logs and send them to Logstash or directly to Elasticsearch.
Kibana [1] enables developers to filter logs by pod, namespace, application, or error codes in near real-time.

This setup helps with:

Root cause analysis of failures.

Tracking deployments and performance regressions.
Compliance and audit logging for regulated environments.

5. EVALUATION AND OPERATIONAL BENEFITS

The Kibana console is a powerful interface for interacting with log and metrics data. Its visualization
capabilities include bar charts, line graphs, pie charts, heat maps, and time series analysis, allowing teams to
quickly spot patterns and anomalies. The Discover tab enables real-time querying of logs using the Kibana
Query Language (KQL) or Lucene syntax, supporting both structured and unstructured searches. Dashboards
in Kibana can aggregate multiple visualizations into a single view, making it easy to monitor application
health, security events, and operational KPIs in one place.

With saved searches, filters, and drill-down links, engineers can move from a high-level overview into
specific log lines within seconds. Alerting in Kibana works seamlessly with Elasticsearch Watcher or
OpenSearch Alerting, triggering notifications via email, Slack, or PagerDuty. For security operations,
Kibana’s integration with SIEM modules provides advanced threat detection and correlation features.

Kibana [1] in AWS environments enhances observability by:

Providing powerful visualizations and dashboards for aggregated logs.

Supporting live log tailing and dynamic querying.

Enabling threshold-based alerting and anomaly detection.

Reducing MTTR by correlating logs across services.

Integrating with AWS security services (CloudTrail, GuardDuty) for security analytics.

Performance evaluation showed that with proper index lifecycle management (ILM) and hot-warm-cold
storage tiers, OpenSearch with Kibana [1] can handle millions of log entries per day while maintaining low
query latencies.

6. CHALLENGES AND CONSIDERATIONS

Despite its flexibility, Kibana [1]’s effectiveness depends on Elasticsearch performance. Poorly tuned clusters,
excessive shard counts, or unoptimized queries can degrade performance. Cost management is also crucial
when running large-scale clusters on AWS. It's important to Use index templates and ILM policies. Monitor
cluster health and query performance.

Automate cleanup of stale indices. Secure access with fine-grained roles and auditing.

IJSAT25038001 Volume 16, Issue 3, July- September 2025 3



https://www.ijsat.org/

SAT

j_ International Journal on Science and Technology (IJSAT)
-

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

7. CONCLUSION

Kibana [1], when deployed effectively in AWS environments, is a cornerstone of centralized log analysis and
operational observability. Whether used through Amazon OpenSearch [2] or as part of a self-managed ELK
stack, Kibana [1] enables teams to visualize and investigate logs in real time. With integrations across AWS
services, Kubernetes [4], and third-party systems, it supports security, reliability, and continuous improvement
in cloud-native operations.
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