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Abstract

As microservices and distributed systems gain popularity, observability encompassing metrics, logs, and traces has
emerged as a pivotal concern in modern DevOps environments. OpenTelemetry (often abbreviated OTel), an open-
source observability framework, seeks to standardize the way telemetry data is collected, processed, and exported.
Within OTel’s ecosystem, the OpenTelemetry Collector (OTel Collector) serves as a flexible, pluggable data
pipeline, bridging instrumentation signals from multiple sources to various backends. This collector consolidates
the ingestion of metrics, logs, and traces in a single, vendor-neutral solution.

This paper provides a comprehensive study of the OpenTelemetry Collector, its core architecture, deployment
patterns, typical use cases, and performance considerations. We begin by detailing how the Collector interacts with
instrumentation libraries, potential data sources, and various backend analysis systems. We then highlight real-world
usage scenarios, from sidecar deployments to central aggregator setups, and advanced configurations, including
load balancing or pipeline concurrency. Along the way, we examine anti-patterns such as unbounded concurrency,
over-collecting data, or ignoring security aspects for sensitive traces. Benchmark results and best practices gleaned
from real deployments prior to August 2022 offer guidance on scaling the Collector effectively, ensuring minimal
overhead while retaining robust data. Ultimately, this paper aims to equip DevOps engineers, SREs, and software
architects with actionable insights to successfully integrate OpenTelemetry Collector as a unified approach to
metrics, logs, and traces in cloud-native systems.
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1. Introduction

1.1 The Modern Observability Landscape

In distributed microservices, data is scattered across pods or services that dynamically scale, move, or get replaced.
Operators and developers need a consistent approach to gather metrics (time-series counters, gauges, histograms),
logs (event details), and traces (end-to-end request flows). While many tools exist, each often has distinct data
formats, instrumentation APIs, or export protocols, complicating cross-service correlation [1][2].

OpenTelemetry emerged from a merger of OpenTracing and OpenCensus, intending to standardize telemetry
instrumentation and data handling. The OpenTelemetry Collector stands out as a central, vendor-neutral pipeline
that aggregates data from various sources (OTLP, Jaeger, Prometheus, etc.), processes or enriches them, and exports
them to chosen backends (Datadog, Tempo, Elasticsearch, etc.). This collector thus forms the backbone of a holistic,
cross-service approach to monitoring and debugging microservices in real time [3].

1.2 Paper Objectives and Scope

The purpose of this paper:

1. Outline the architectural design of the OpenTelemetry Collector pipelines, receivers, processors, and exporters.
2. Demonstrate how it unifies metrics, logs, and traces in a single pipeline, simplifying multi-signal correlation.
3. Highlight typical usage patterns (central aggregator, sidecar mode, etc.), along with real-world deployment
strategies.

4. Examine performance aspects resource usage, concurrency settings, throughput ensuring the collector can

handle large volumes of telemetry data without imposing significant overhead.
5. Provide best practices and mention anti-patterns gleaned from adoption experiences.

By focusing on these areas, we guide DevOps and SRE teams seeking to adopt the OTel Collector for
comprehensive, vendor-agnostic observability in container-based or multi-cloud environments.

2. Background: OpenTelemetry Overview

2.1 Tracing, Metrics, and Logs under One Umbrella

OpenTelemetry (OTel) is an open standard for instrumenting applications, capturing telemetry data, and exporting
it to a variety of analysis or storage backends. Key components include:

° Instrumentation Libraries: In-app libraries that produce trace spans, logs, or metrics.
° OpenTelemetry Protocol (OTLP): A vendor-neutral protocol for sending telemetry data.
° OpenTelemetry Collector: A standalone service or agent that receives data, processes it, and outputs it to one

or more destinations [4].
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2.2 Emergence of the Collector

Previously, organizations might run multiple agents to gather different signals. The OTel Collector converges these
into a single pipeline. Each pipeline can define distinct “receivers” for incoming data (OTLP, Zipkin, Jaeger, etc.),
“processors” to manipulate or filter data, and “exporters” to push data to backends. This modular design fosters
custom pipelines that unify all signals from a microservices environment [5].

3. Collector Architecture

3.1 Core Pipeline Model

The OpenTelemetry Collector organizes data handling in a pipeline of:

1. Receivers: Modules that accept telemetry data from external sources.
2. Processors: Intermediate steps that can filter, transform, or batch data.
3. Exporters: Modules that send the processed data to external backends (APM systems, timeseries databases, or

log collectors) [6].

Receivers OTLP, Jaeger, Processors Batch, Filter, Exporters Datadog, Tempo,
Prometheus Transform Kafka

Figure 1: OTel pipeline model

This flow is typically declared in a config file. The pipeline can split or merge streams if needed.

3.2 Ingesting Different Signals

Logs might come from a Filelog or Syslog receiver. Metrics might arrive via Prometheus scraping or OTLP. Traces
commonly use OTLP, Zipkin, or Jaeger receivers. All are unified in the OTel data model, letting subsequent
processors (like batch or attribute enforcers) handle them systematically.

4. Deployment Patterns

4.1 Agent vs. Gateway
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Two major patterns exist for the Collector:

1. Agent (Sidecar or DaemonSet): Runs on each host or as a sidecar, collecting data from local processes,
typically sending them to a central aggregator. Minimizes overhead on the application side.
2. Gateway (Central): A single or horizontally scaled set of collector instances that receive data from multiple

agents or from directly instrumented apps. This helps unify processing in one place [7].

Agent Pattern
Gateway Pattern g

Multiple Apps Pod with App + OTel
Penep Sidecar
A
OTel Collectors as a Service
Local Aggregator
b

N
Backend
ackends Backend

Figure 2: OTel Collector deployment patterns

4.2 Anti-Pattern: No Aggregation

° Issue: Apps directly send telemetry to multiple backends, each with different libraries. This leads to repeated
code and possible vendor lock-in.

° Solution: Use the collector as an abstraction layer, letting the pipeline route data to any number of backends
seamlessly.

5. Key Use Cases

5.1 Multi-Signal Observability

A major driver for the Collector is the ability to handle metrics, logs, and traces in one pipeline. For instance, a
single deployment can receive OTLP traces, parse logs, and also scrape metrics, then unify them in a single
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aggregator. This drastically simplifies correlation efforts like linking an error log to the trace ID or cross-referencing
throughput metrics with trace latencies [8].

5.2 Vendor-Neutral Approach

Organizations that worry about lock-in or testing multiple APM vendors can exploit the Collector to route the same
telemetry streams to different backends or store them locally for compliance or analytics. With minimal config
changes, teams can switch from one vendor’s exporter to another [9].

5.3 Resource Constrained Environments

For minimal overhead, teams can run a single collector instance receiving all data. Meanwhile, distributed or sidecar
approaches can reduce network overhead if local processing is required for large data volumes.

6. Pipelines, Receivers, Processors, Exporters: An In-Depth Look

6.1 Receivers
Receivers define how the Collector obtains telemetry. Common receivers:

° otlp: The default gRPC or HTTP-based OTLP input for metrics/traces/logs.
° jaeger: Accepts Jaeger Thrift or gRPC for traces.

° zipkin: Accepts Zipkin v2 JSON traces.

° prometheus: Scrapes endpoints for metrics.

° filelog: Tails logs from a specified file path [10].

receivers:
otlp:
protocols:
grpe:
http:
jaeger:
protocols:
thrift_http:
prometheus:
config:
scrape_configs:
-job_name: 'my_service'
static_configs:
- targets: ['127.0.0.1:8080']
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6.2 Processors

Processors manipulate or enrich data:

° batch: Batches data to reduce overhead or ensure minimal request frequency to the exporter.
° attributes: Modifies or masks certain attributes, e.g., to remove PIL.
° filter: Excludes certain metrics or logs by name/pattern, reducing noise or cost [11].

processors:
batch:
send batch_size: 100
timeout: 5s
attributes:
actions:
- key: user_id
action: delete

6.3 Exporters

Exporters define where the data goes:

° otlp: Forward to another OTel endpoint, e.g., a central aggregator or vendor’s collector.
° jaeger: Send traces to a Jaeger backend.

° prometheus: Expose metrics in a Prometheus-like scrape endpoint.

° logging: Print data to console logs (for debug).

° datadog: Send data to Datadog.

° splunk hec: Send to Splunk HEC endpoint [12].

exporters:
otlp:
endpoint: "otel-collector.example.com:4317"
compression: gzip
logging:
logLevel: debug

7. Example YAML Configuration

Below is a simplified pipeline demonstrating how the collector can unify traces, metrics, and logs:

receivers:
otlp:
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prometheus:
config:
scrape_configs:
-job_name: "myapp"
static_configs:
- targets: ["myapp:8080"]
filelog:
include: ["/var/log/myapp/*.log"]

processors:
batch:
resource:
attributes:
- key: environment
action: upsert
value: production

exporters:
otlp:
endpoint: "collector.example.com:4317"
tls:
insecure: false
logging:
logLevel: info

service:
pipelines:
traces:
receivers: [otlp]
processors: [batch, resource]
exporters: [otlp, logging]
metrics:
receivers: [prometheus]
processors: [batch, resource]
exporters: [otlp, logging]
logs:
receivers: [filelog]
processors: [batch, resource]
exporters: [otlp, logging]

This setup collects traces via OTLP, metrics from a Prometheus scrape, and logs from a file directory, then processes
them with a batch and resource attribute processor, exporting them all to an OTLP endpoint and logging to console
for debugging [13].
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8. Performance Considerations

8.1 Resource Usage

Collector resource usage depends on the volume of telemetry, concurrency of pipeline processing, and the
complexity of transformations. Tuning queue sizes or enabling compression can affect CPU load. A rough rule:
each collector can handle thousands of spans/second or hundreds of thousands of metrics/minute, but mileage varies
by hardware [14].

8.2 Scaling the Collector

One can horizontally scale collector instances if data volumes are huge. Each instance might run behind a load
balancer or in a container orchestrator. Another approach is a layered pipeline: local agent collectors feed a central
gateway collector, distributing the load. Aggregating or filtering early can reduce egress costs or aggregator
overhead.

8.3 Anti-Pattern: Unbounded Queues

° Problem: If the pipeline’s queue is unbounded, a slow or failing exporter can cause memory blow-ups.
° Solution: Configure bounded queues with a backpressure strategy, dropping or sampling data if the system is
under stress, or switching to ephemeral local storage.

9. Security and Data Privacy

9.1 Handling Sensitive Data

Telemetry often includes user or system identifiers. The collector can anonymize or mask certain fields. The attribute
processor can remove or hash user id, IP addresses, or other PII. This approach helps comply with privacy
regulations (GDPR, HIPAA) if raw data is not strictly needed for debugging [15].

9.2 Encryption and TLS

OTLP can run over TLS, ensuring data in transit is encrypted. The collector also can authenticate with backends
using API keys, client certificates, or other credentials. Hardcoded secrets in config files are a risk; storing them in
an environment variable or an external secret management tool is recommended.
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10. Observability Workflows

10.1 Triage: Metrics — Logs — Traces

A typical debugging flow:

1. Metrics reveal an anomaly (spike in error rate or increased latency).

2. Logs from the relevant time window or service confirm the nature of errors or exceptions.

3. Traces show end-to-end call flows, pinpointing which microservice or external call introduced the slowdown

or failure path.

This workflow is streamlined if all signals are correlated in a single aggregator or if the collector ensures consistent
attributes (like service.name, environment) across each data type [16].

10.2 Anti-Pattern: Missing Trace-Log Correlation

° Issue: Logs do not store the trace id or span_id, making it tough to pivot from a slow trace to the associated
logs.
° Remedy: Instrument the code so logs carry trace context, ensuring direct correlation in aggregator queries.

11. Real-World Use Cases

11.1 E-Commerce with Unified Observability

A multi-service e-commerce platform integrated the OTel Collector in a gateway mode. Each microservice sends
OTLP data to the collector. The collector routes traces to Jaeger, metrics to Prometheus, logs to Splunk. They unify
them with shared trace IDs:

° Found repeated 403 errors in logs correlated with a new security policy.
° Identified an N+1 calls pattern in product-service thanks to traces.
o Freed dev teams from shipping multiple sidecars or direct vendor libraries [17].

11.2 AdTech DSP with High Throughput

An AdTech demand-side platform handling thousands of QPS integrated local collector agents on each node. The
agent does initial sampling for traces and partial aggregation for metrics, then forwards them to a central aggregator
collector. This significantly cut network traffic. They also used a logs receiver that picks up container logs,
standardizing the format. The entire pipeline scaled to handle tens of thousands of spans per second, with minimal
additional overhead [18].
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12. Anti-Pattern Recap

1. No OTel Collector: Relying on separate vendor agents, causing duplication and messy pipelines.

2. Excessive CPU Usage: Not optimizing the concurrency or batch settings in the collector, leading to resource
spikes.

3. Ignoring Data Minimization: Over-storing or shipping all logs/traces at full detail, incurring high cost.

4, Inconsistent Tagging: Each microservice uses different naming for “service.name,” “version,” making cross-

service correlation hard.

13. Best Practices

1. Start with a Single OTel Collector: For smaller clusters or dev environments, keep it simple, centralizing
config.

2. Adopt an Agent + Gateway Approach: For large-scale or multi-node setups, an agent collector on each node
plus a central gateway collector can reduce overhead or repeated network calls.

3. Leverage Batching Processors: Minimizes the overhead of sending small data frequently.

4, Consistent Resource Naming: For each microservice, define service.name, service.version,
deployment.environment in the resource processor.

5. Use OTel Protocol (OTLP): If possible, standardize on OTLP for your instrumentation across logs, metrics,
and traces.

0. Tightly Control concurrency and queue sizes, ensuring no memory blow-ups under load.

7. Monitor the Monitor: Set up metrics for the collector itself (CPU, memory, pipeline latencies) to detect issues
early.

14. Conclusion

A single, unified approach to collecting metrics, logs, and traces is increasingly crucial in microservices-based
environments. OpenTelemetry Collector provides this bridging technology, acting as a flexible pipeline that can
ingest multiple signals from disparate sources, apply transformations or filtering, and export them to the backend(s)
of choice. By standardizing instrumentation, adopting consistent naming conventions, and carefully tuning the
pipeline components, organizations can gain deeper insight into system health and performance with minimal
friction and vendor lock-in.

While the Collector offers great flexibility, it also imposes a learning-curve. Teams must refine concurrency,
storage, and pipeline strategies to avoid excessive overhead or data sprawl. Thorough testing, integration with
existing DevOps processes, and a culture of consistent instrumentation across teams remain vital. Ultimately, as
microservices scale in complexity and ephemeral containerization grows ubiquitous, OpenTelemetry Collector
stands out as a robust anchor for cross-service observability, unifying logs, metrics, and traces into a holistic, data-
driven vantage on system behavior.
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