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1. Executive Summary & Security Philosophy 

1.1 Executive Summary 

In the modern enterprise landscape, containerization and orchestration have become the 
bedrock of digital transformation. However, as organizations migrate industrial, AI, and 
mission-critical applications to production environments, the attack surface expands 
exponentially. OpenKubes is engineered from the ground up as a secure-by-design Kubernetes 
platform specifically architected to mitigate these cloud-native risks. This framework establishes 
a comprehensive blueprint of the foundational security architecture, operational guardrails, strict 
compliance governance, and infrastructure hardening standards enforced within every 
OpenKubes deployment. The objective is twofold: to guarantee an unyielding defense posture 
against sophisticated threats and to provide customers, partners, auditors, and stakeholders 
with absolute transparency regarding the platform's security controls. 

1.2 Core Security Principles 

The OpenKubes security ecosystem does not rely on a single perimeter defense; instead, it is 
driven by an unyielding commitment to the following operational philosophies: 

●​ Zero Trust Architecture: OpenKubes operates under the assumption that threats exist 
both outside and inside the network boundary. No entity—whether a human administrator, 
a microservice, or an external API—is trusted by default. Every access request must be 
explicitly authenticated, authorized, and cryptographically validated. 

●​ Defense in Depth: Security controls are layered meticulously across multiple vectors. If a 
single protective mechanism fails (e.g., an application vulnerability allows remote code 
execution), subsequent layers—such as network policies, seccomp profiles, and runtime 
anomaly detection—are positioned to contain and neutralize the blast radius. 

●​ Least Privilege Access: Permissions are severely restricted to the minimum required for 



 

an identity or service to perform its designated function. This principle is strictly enforced 
across both human access via Role-Based Access Control (RBAC) and machine access 
via dedicated Kubernetes Service Accounts. 

●​ Secure-by-Default Infrastructure: Security controls are integrated natively into the 
platform configuration during initialization. Out-of-the-box configurations are hardened 
according to the most stringent industrial benchmarks, requiring no manual 
post-deployment security adjustments. 

●​ Continuous Monitoring and Observability: Real-time visibility into the behavioral, 
systemic, and network states of the cluster ensures that security incidents are detected, 
correlated, and flagged instantaneously. 

●​ Automated Security Enforcement: Policy-as-Code and automated admission 
controllers prevent non-compliant or structurally insecure workloads from ever entering 
the cluster scheduling queue. 

●​ Immutable Infrastructure Principles: Nodes and underlying infrastructure components 
are never patched or altered in-place. Instead, configurations and security updates are 
baked into new machine images. When a patch is required, new hardened instances are 
automatically provisioned, and old instances are safely decommissioned. 

●​ Continuous Vulnerability Management: Vulnerability monitoring spans the entire 
lifecycle of an artifact, from initial source code compilation through supply chain 
packaging to real-time container execution.  



 

 

2. Shared Responsibility Model 

A secure Kubernetes deployment requires a collaborative operational approach. Security is a 
shared responsibility divided between the OpenKubes Platform Operations Team and the 
Customer Workload Teams. This clear delineation ensures comprehensive ownership and 
eliminates structural gaps at the boundary layers. 
 

Customer Responsibilities OpenKubes Responsibilities 

  

●​ Application security and code integrity 
●​ Secure software development 

lifecycles 
●​ Identity lifecycle management & 

access governance 
●​ Application secrets and key 

management 
●​ Compliance requirements related to 

specific workloads 
●​ Data governance within deployed 

applications 

●​ Kubernetes control plane security & 
hardening 

●​ Infrastructure and OS isolation 
controls 

●​ Cluster lifecycle management & 
automated upgrades 

●​ Continuous cluster monitoring & 
centralized logging 

●​ Backup and disaster recovery 
capabilities 

●​ Network segmentation baseline 
infrastructure 

●​ Security patching and infrastructure 
deployment hotfixes 

●​ Runtime security platform installation 
& maintenance 

3. Threat Model 

Modern enterprise Kubernetes platforms operate within a hostile digital environment 
characterized by highly sophisticated, automated, and targeted attack vectors. OpenKubes 
implements a multi-layered defensive security architecture designed specifically to intercept, 
absorb, and neutralize threats across multiple vectors. 



 

3.1 Primary Kubernetes Threat Vectors 

●​ Container escape vulnerabilities triggering host takeover 
●​ Compromised container images from unverified third-party registries 
●​ Excessive RBAC permissions facilitating privilege escalation 
●​ API server public exposure leading to unauthorized orchestration 
●​ Supply chain injection vulnerabilities targeting dependencies 
●​ Lateral movement between namespaces via flat network overlays 
●​ Secrets leakage via environment variables or hardcoded source code 
●​ AI model theft and inference manipulation targeting accelerated workloads 

4. Infrastructure Security 

The core integrity of a Kubernetes environment is entirely dependent on the security of its 
underlying physical and logical infrastructure. OpenKubes environments are deployed using 
deeply hardened Linux operating systems characterized by a minimal footprint design. By 
stripping out all non-essential binaries, drivers, compilers, and user-space utilities, OpenKubes 
drastically reduces the available local attack surface. Administrative access to host nodes is 
severely restricted; interactive logins are deactivated in favor of a zero-trust, bastion-based 
administration framework operating over segregated management networks. Production 
environments mandate strict structural infrastructure isolation, ensuring complete cryptographic 
or physical separation between development, staging, and production workloads. 

5. Kubernetes Hardening 

5.1 Control Plane and Component Security 

OpenKubes environments are engineered and deployed following strict Kubernetes hardening 
standards aligned directly with the CIS Kubernetes Benchmark recommendations. To secure the 
foundational layers of the cluster, the platform enforces comprehensive control plane controls: 

●​ Kubernetes API Server Hardening: Heavy restriction of the management endpoint to 
prevent unauthorized exposure, entirely disabling anonymous access to guarantee 
explicit authentication. 

●​ Secure Kubelet Configuration: Locking down node agents to enforce mandatory 
certificate rotation and disable unauthenticated API invocation. 

●​ TLS-Enabled Cluster Communications: Cryptographically securing internal cluster 



 

communications via mandatory mutual TLS (mTLS) utilizing modern cipher suites. 
●​ Encrypted etcd Storage: Full encryption-at-rest for the cluster configuration store to 

protect operational assets against physical volume compromise. 
●​ Audit Logging Enabled: Global logging activation to trace all lifecycle modifications and 

administrative actions comprehensively. 

5.2 Workload Isolation and Security Admission 

Legacy PodSecurityPolicy mechanisms are entirely replaced with modern Kubernetes Pod 
Security Admission (PSA) controls. All workloads must strictly comply with established Pod 
Security Standards before scheduling. OpenKubes mandates non-root container execution, 
strips down default administrative Linux capabilities, and applies custom seccomp and 
AppArmor profiles to systematically contain potential vulnerabilities. 

6. Identity & Access Management (IAM) 

OpenKubes implements centralized authentication and authorization mechanisms to verify the 
identity of every human operator and machine service. The platform integrates seamlessly with 
corporate identity infrastructures via Single Sign-On (SSO), OpenID Connect (OIDC), and Active 
Directory/LDAP directories, backed by mandatory Multi-Factor Authentication (MFA). To prevent 
privilege creep, granular Role-Based Access Control (RBAC) enforces namespace-scoped 
boundaries, while applications and deployment pipelines must execute via dedicated machine 
accounts. 

7. Container & Runtime Security: Falco Integration 

7.1 Runtime Threat Detection Framework 

The platform utilizes Falco as its foundational cloud-native runtime threat detection engine. 
Falco operates at the system-call level via an extended Berkeley Packet Filter (eBPF) probe to 
monitor container behavior in real-time. By intercepting system calls before kernel execution, 
OpenKubes provides behavior monitoring that cannot be bypassed by user-space modifications. 

7.2 Implemented Guardrails and Detection Rules 

●​ Unauthorized Shell Execution: Immediate flagging of shell spawns inside running 
containers. 



 

●​ Privilege Escalation Detection: Tracking unauthorized modification of user IDs or 
namespaces. 

●​ File System Integrity Violations: Monitoring write attempts to critical read-only system 
directories. 

●​ Anomalous Network Activity: Alerting on unexpected outbound connections toward 
unverified targets. 
 

8. Supply Chain Security 

OpenKubes establishes an unbroken custody trail for all application components. The platform 
natively enforces the generation of a Software Bill of Materials (SBOM) and integrates Cosign 
for container image signing. Before scheduling, an automated admission controller validates 
cryptographic signatures, blocking unverified artifacts, while GitOps-based pull workflows 
(ArgoCD/FluxCD) maintain declarative cluster states coupled with integrated SAST/DAST 
scanning gates. 

9. Secrets Management & Encryption: HashiCorp Vault 
Integration 

OpenKubes addresses cryptographic challenges by embedding HashiCorp Vault as the 
centralized secrets lifecycle provider. Utilizing the automated Vault Agent Injector pattern, 
admission controllers inject sidecars that authenticate via native Service Account tokens, 
materializing credentials directly into secure, in-memory tmpfs storage. All communication 
enforces TLS 1.2+, backed by dynamic, short-lived credential rotation and integrated certificate 
authority orchestration. 

10. Network Security & Zero Trust Architecture 

OpenKubes completely discards the concept of implicit network trust, enforcing strict Zero Trust 
micro-segmentation. All production workloads operate under a global "deny-all" ingress and 
egress posture, requiring explicit allow-listing via label-based Network Policies. External 
north-south traffic is routed through hardened, DDoS-aware ingress gateways, while Layer 7 
traffic inspection and deep egress filtering block unauthorized outbound exfiltration pathways.



 

 

11. Logging, Monitoring & SIEM 

The framework aggregates multi-tier operational telemetry—including API audit trails, host 
security events, and Falco runtime traces—into a consolidated data lake powered by 
OpenSearch and Loki. Prometheus harvests system metrics for Grafana visualization, while 
native SIEM forwarding pipelines securely stream telemetry to enterprise tools like Splunk for 
proactive SOC correlation. 

12. AI & GPU Workload Security 

Hardware access is isolated via specialized NVIDIA container runtimes to block side-channel 
data leakage across multi-tenant workloads. High-value model artifacts are protected via 
object-level access controls, while inference endpoints deploy dedicated firewalls to mitigate 
prompt injections, tensor manipulation, and adversarial extraction vectors. 

13. Backup, Disaster Recovery & High Availability 

OpenKubes deploys zero-single-point-of-failure control planes across multiple zones, executing 
automated failover without service interruption. Immutable cluster state and etcd backups are 
archived frequently in isolated storage vaults, while self-healing node recycling and rolling 
updates preserve application continuity.  



 

 

14. Compliance & Governance 

Platform controls map rigorously against international frameworks to accelerate regulatory audit 
pipelines: 

Framework Control Area OpenKubes Implemented 
Capability 

  

CIS Kubernetes RBAC & Authentication Least-Privilege Role 
Enforcement, Deactivated 
Anonymous Access 

ISO 27001 Access Control Centralized IAM, OIDC 
Single Sign-On, Mandatory 
MFA 

NIST CSF Security Monitoring Centralized Audit Logging, 
SIEM Pipeline Forwarding 

GDPR Data Protection Transit Encryption (TLS 
1.2+), Encrypted etcd, Audit 
Trails 

TISAX Operational Security Immutable Node 
Provisioning, Strict 
Infrastructure Isolation 

 



 

15. Managed Services Security Operations 

Operational management includes 24x7 real-time platform monitoring, automated patch and 
rolling vulnerability hotfixes, active incident response mobilization, and continuous advisory 
threat profiling to preserve infrastructure integrity. 

16. Conclusion 

The OpenKubes Enterprise Kubernetes Security Framework provides an unyielding, 
secure-by-design platform foundation for mission-critical workloads. By incorporating automated 
Policy-as-Code, zero-trust micro-segmentation, kernel-level logging via Falco, and 
enterprise-grade secrets lifecycle orchestration via HashiCorp Vault, the environment delivers a 
predictable, transparent, and resilient ecosystem capable of adapting to emerging threats and 
global regulatory shifts. 
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