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1. Project Overview

This project establishes a Secure and Governed Computer Vision Pipeline on
Microsoft Azure. It is designed to process image and video data using Azure Al services,
including Azure Al Vision and Azure OpenAl Service, while strictly adhering to
enterprise-grade security, data privacy, and responsible Al principles. The architecture
leverages Managed Identities, Azure Policy, and comprehensive logging to ensure
compliance and provide a robust, production-ready solution for high-risk Al
workloads.

The core of the solution is an event-driven pipeline where data is ingested into a
private Azure Storage Account, triggering an Azure Function via Event Grid. The
Function uses a Managed Identity to securely call Azure Al Vision and Azure OpenAl
services for processing and advanced analysis. The final, filtered results are stored in a
secure database for reporting. This design ensures that the entire Al workflow is
contained within a secure, governed Azure environment, mitigating common risks
associated with Al adoption.

2. Business Context

Organizations frequently face challenges in adopting Azure Al services due to concerns
around data privacy, model security, and the implementation of responsible Al
practices. The absence of robust Al governance can lead to significant compliance risks
and ethical issues. This solution directly addresses these concerns by providing a
secure, compliant, and trusted Al environment.



Quantified Business Value and Risk Mitigation

The implementation of this secure pipeline delivers substantial business value by
focusing on four key areas: Responsible Al, Data Privacy, Enterprise Scale, and

Compliance Readiness.

Value
Proposition

Responsible
Al

Data Privacy

Enterprise
Scale

Compliance
Ready

Description

Built-in fairness, transparency, and

accountability controls ensure
ethical use of Al

Keeps all data within the Azure
environment, eliminating third-
party Al exposure and reducing
data leakage risk.

Production-ready Al with high
availability, performance, and
scalability for mission-critical
workloads.

Designed to meet regulatory
requirements for Al systems in
highly regulated industries.

Business Impact

Mitigates reputational risk and
ensures alignment with corporate
ethical guidelines, preventing costly
public relations issues.

Reduces data breach costs and
ensures compliance with strict data
residency and privacy regulations
(e.g., GDPR, HIPAA).

Increases operational efficiency by
providing a reliable platform capable
of handling high-volume, real-time
data processing.

Accelerates time-to-market for Al
solutions by pre-baking compliance
controls, avoiding lengthy audit
cycles.

Risk Mitigation Strategies
The architecture is specifically engineered to mitigate key risks inherent in Al pipelines:

e Preventing Data Leakage: Achieved through network isolation using Private
Endpoints (recommended for production) to ensure data ingress and egress are
secured within a virtual network (VNet).

e Ensuring Model Fairness: Integrated bias detection and mitigation tools within
Azure ML (though not explicitly deployed in the script, it is a core architectural
principle) ensure ethical and fair outcomes.



e Blocking Inappropriate Content: Azure OpenAl’s content filtering and
moderation features are utilized to block harmful or inappropriate content from
being processed or generated.

e Maintaining Audit Trails: Comprehensive Al logging is enforced and sent to
Azure Monitor, providing a detailed, immutable record of all Al interactions and

data flows.

e Complying with Al Regulations: Azure Policy is used to enforce configuration
standards and regulatory requirements across the deployed resources.

3. GRC Mapping (Governance, Risk, and Compliance)

This solution is designed with a strong focus on Governance, Risk, and Compliance,

aligning with several major industry and regulatory frameworks.

Compliance Frameworks Alignment

The project’s design principles and implemented controls map directly to established

standards for Al and information security:

Framework

Microsoft
Responsible Al
Standard

NIST Al RMF

ISO/IEC 42001

OWASP Top 10
for LLM

Key Alignment

Adherence to principles of fairness,
reliability, privacy, inclusiveness,
transparency, and accountability.

Implementation of the Al Risk
Management Framework for
continuous risk identification and
mitigation.

Supports the requirements for an Al
Management System (AIMS).

Addresses security risks specific to
Large Language Models (LLMs) used
in the pipeline (Azure OpenAl).

Control Implementation

Integrated bias detection,
content moderation, and
comprehensive logging.

Policy enforcement, audit trail
maintenance, and defined
security controls.

Structured model versioning and
governance through Azure ML
Studio.

Strict access controls (Managed
Identity), input/output filtering,
and network isolation.



Security Controls Implemented
The following security controls are foundational to the pipeline’s security posture:
1. Content Filtering and Moderation: Enforced at the Azure OpenAl layer to

automatically block harmful or policy-violating content.

2. Data Encryption and Access Controls: All data is encrypted at rest (Storage
Account) and in transit (TLS 1.2+). Access is strictly controlled via Managed
Identities and Role-Based Access Control (RBAC).

3. Model Versioning and Governance: Managed through Azure ML Studio
(architectural component) for an auditable model lifecycle.

4. Bias Detection and Mitigation: Integrated into the ML workflow to ensure fair
and equitable outcomes.

5. Comprehensive Al Logging: Detailed logs of all Al interactions, data flows, and
policy enforcements are sent to Azure Monitor for continuous monitoring and
audit.

Regulatory Alignment

The solution’s design directly addresses specific requirements from major global
regulations:

Regulation Relevant Section Control Implemented

Policy enforcement and mechanisms for human
Al Act (EU) High-risk Al requirements  oversight and intervention (architectural

principle).
Article 22 (Automated Transparency, explainability (via Azure ML), and
GDPR decisions), Article 35 readiness for Data Protection Impact Assessment
(DPIA) (DPIA).
§164.308(a)(3) Strict access controls and mandatory use of
HIPAA (Workforce access to Al Managed Identity for all service-to-service
systems) communication, protecting ePHI.

Network isolation, least-privilege access, and
CC6.1 (Data access),

SOC2 o
CC7.2 (Monitoring)

continuous monitoring via Azure Monitor and
Policy.



4. Prerequisites

Before beginning the deployment, ensure the following prerequisites are met:

1. Azure Subscription: An active Azure subscription with sufficient permissions to
create resources, assign roles, and assign policies.

2. Azure CLI: The Azure Command-Line Interface must be installed and configured
on your local machine or cloud shell environment.

3. Required Extensions: Install the necessary Azure CLI extensions for Machine
Learning and Event Grid.

# Install the Machine Learning extension

az extension add --name ml -y

# Install the Event Grid extension (useful for managing event
subscriptions)

az extension add --name eventgrid -y

4. Azure Login: Authenticate your Azure CLI session.

az login

5. Architecture Overview

The pipeline is a secure, event-driven architecture designed for processing computer
vision data.

Key Components and Data Flow:
1. Azure Storage Account (Secure Ingestion): Image and video data are uploaded
to a private blob container. This is the secure entry point for all data.

2. Azure Event Grid: Automatically detects the new blob creation event in the
Storage Account.

3. Azure Function App (Processing Logic): Triggered by the Event Grid event. It
hosts the core processing logic, written in Python.



o |t uses a System-Assigned Managed Identity for secure, passwordless
authentication.

o It reads the image data from the Storage Account (using its Managed
Identity).

o |t calls Azure Al Vision for initial analysis (e.g., object detection, tagging).

o |t calls Azure OpenAl Service for advanced analysis, content moderation,
or complex classification based on the Vision results.

4, Azure Monitor/Log Analytics: All interactions, policy enforcements, and
Function execution logs are streamed here, providing the necessary audit trail for
GRC compliance.

5. Secure Database (e.g., Cosmos DB/SQL): The final, filtered, and processed
results are stored here for reporting and downstream applications.

The entire system is governed by Azure Policy to enforce security and compliance
standards, such as mandatory diagnostic logging.

Note: The provided script focuses on the core deployment of the Storage, Al
Services, Function App, and RBAC. In a full production environment, the VNet,
Private Endpoints, and the secure database (Cosmos DB/SQL) would also be
deployed and configured for network isolation.

6. Step-by-Step Implementation

This section provides the detailed, actionable steps to deploy the secure computer
vision pipeline using the Azure CLI. All resources will be deployed into a single resource
group named rg-ai-vision-052.

Step 6.1: Define Variables

Define the environment variables that will be used throughout the deployment. This
ensures consistency and simplifies resource naming.



# Resource Group and Location
RESOURCE_GROUP="rg-ai-vision-052"
LOCATION="eastus"

# Resource Names (Use a random suffix for global uniqueness)
STORAGE_ACCOUNT_NAME="saai052%(openssl rand -hex 4)"
AI_SERVICE_NAME="ai-vision-052"

OPENAI_SERVICE_NAME="openai-052"

FUNCTION_APP_NAME="func-vision-052"

COSMOS_DB_NAME="cosmos-vision-052" # Placeholder for future deployment

Step 6.2: Create Resource Group

Create the dedicated resource group to contain all project resources.

az group create --name $RESOURCE_GROUP --location $LOCATION

Step 6.3: Deploy Secure Storage Account

Deploy a general-purpose v2 Storage Account. We enforce security best practices by
disabling public access and requiring a minimum TLS version.

az storage account create \
--name $STORAGE_ACCOUNT_NAME \
--resource-group $RESOURCE_GROUP \
--location $LOCATION \
--sku Standard_LRS \
--kind Storagev2 \
--allow-blob-public-access false \
--min-tls-version TLS1_ 2

Step 6.4: Deploy Azure Al Services (Vision and OpenAl)

Deploy the two core Al services required for the pipeline: Azure Al Vision for image
analysis and Azure OpenAl for advanced moderation and classification.



# Deploy Azure AI Vision (Cognitive Services)
az cognitiveservices account create \
--name $AI_SERVICE_NAME \
--resource-group $RESOURCE_GROUP \
--location $LOCATION \
--kind ComputervVision \
--sku S1 \
--custom-domain "$AI_SERVICE_NAME" \
--yes

# Deploy Azure OpenAl Service

az cognitiveservices account create \
--name $OPENAI_SERVICE_NAME \
--resource-group $RESOURCE_GROUP \
--location $LOCATION \
--kind OpenAI \
--sku SO \
--custom-domain "$OPENAI_SERVICE_NAME" \
--yes

Step 6.5: Deploy Azure Function App and Managed Identity

Deploy the Azure Function App, which will host the event-driven processing logic.
Crucially, we enable a System-Assigned Managed Identity for secure, passwordless
access to other Azure services.



# Create App Service Plan (Consumption plan for cost optimization)
az appservice plan create \

--name "plan-vision-052" \

--resource-group $RESOURCE_GROUP \

--location $LOCATION \

--sku Consumption

# Create Function App with System-Assigned Managed Identity
az functionapp create \

--name $FUNCTION_APP_NAME \

--resource-group $RESOURCE_GROUP \

--consumption-plan-location $LOCATION \

--runtime python \

--runtime-version 3.11 \

--functions-version 4 \

--0s-type Linux \

--assign-identity '[system]'

Step 6.6: Configure Role-Based Access Control (RBAC)

Grant the Function App’s Managed Identity the minimum required permissions using
the Principle of Least Privilege.



# 1. Get Function App Principal ID
PRINCIPAL_ID=%$(az functionapp identity show --name $FUNCTION_APP_NAME - -
resource-group $RESOURCE_GROUP --query principalId -o tsv)

# 2. Grant Storage Blob Data Reader to access images
az role assignment create \

--assignee $PRINCIPAL_ID \

--role "Storage Blob Data Reader" \

--scope "/subscriptions/$(az account show --query id -o
tsv)/resourceGroups/$RESOURCE_GROUP/providers/Microsoft.Storage/storageAccount

# 3. Grant Cognitive Services User to call AI Vision
az role assignment create \

--assignee $PRINCIPAL_ID \

--role "Cognitive Services User" \

--scope "/subscriptions/$(az account show --query id -o
tsv)/resourceGroups/$RESOURCE_GROUP/providers/Microsoft.CognitiveServices/accc

# 4. Grant Cognitive Services User to call Azure OpenAl
az role assignment create \

--assignee $PRINCIPAL_ID \

--role "Cognitive Services User" \

--scope "/subscriptions/$(az account show --query id -o
tsv)/resourceGroups/$RESOURCE_GROUP/providers/Microsoft.CognitiveServices/accc

Step 6.7: Deploy Azure Policy for Governance

Enforce a policy to ensure all Al services have diagnostic settings enabled, which is
critical for maintaining the audit trail required for GRC compliance.



# Policy Definition: Deploy Diagnostic Settings for Cognitive Services
POLICY_DEFINITION_ID="/providers/Microsoft.Authorization/policyDefinitions/Deg
Diagnostics-CognitiveServices"

# Assign the policy to the resource group
az policy assignment create \

--name "Audit-AI-Diagnostics" \

--scope "/subscriptions/$(az account show --query id -o
tsv)/resourceGroups/$RESOURCE_GROUP" \

--policy $POLICY_DEFINITION_ID \

--display-name "Deploy Diagnostics for AI Services in $RESOURCE_GROUP" \

--params '{ "logAnalytics": { "value":
"/subscriptions/<SUBSCRIPTION_ID>/resourceGroups/<LOG_ANALYTICS_RG>/providers/
P}

# IMPORTANT: Replace <SUBSCRIPTION_ID> and
<LOG_ANALYTICS_RG>/<LOG_ANALYTICS_WORKSPACE>

# with the actual values for your Log Analytics Workspace. This is where the
audit logs will be sent.

Step 6.8: Function App Code Deployment (Conceptual)

The core logic is implemented in the Azure Function App. The following is a simplified
Python example ( function_app.py ) demonstrating the use of the Managed Identity
for authentication and service calls.



# function_app.py (Simplified Logic)

import logging

import json

import azure.functions as func

from azure.identity import DefaultAzureCredential

from azure.ai.vision.imageanalysis import ImageAnalysisClient
from azure.core.credentials import AzureKeyCredential # Used for
placeholder/fallback

# Replace with your actual endpoint and key retrieval logic (e.g., from App
Settings or Key Vault)

VISION_ENDPOINT = "https://<AI_SERVICE_NAME>.cognitiveservices.azure.com/"
OPENAI_ENDPOINT = "https://<OPENAI_SERVICE_NAME>.openai.azure.com/"

def main(event: func.EventGridEvent):

Processes an image upload event from Azure Storage.

try:
# Log the incoming event
result = json.dumps({
'id': event.id,
'data': event.get_json(),
"topic': event.topic,
'subject': event.subject,
'event_type': event.event_type,
1)
logging.info('Python EventGrid trigger processed an event: %s',
result)

# Extract blob URL from event data

blob_url = event.get_json().get('url')

if not blob_url:
logging.error("Blob URL not found in event data.")
return

# Use Managed Identity for authentication
credential = DefaultAzureCredential()

--- 2. Call Azure AI Vvision ---
Note: For Azure AI Vision, the SDK often requires a key.
In a secure setup, the key is retrieved from Azure Key Vault,

* O H H*

which is accessed using the Managed Identity.
# A more robust, keyless approach is preferred where available.



# Placeholder for actual AI Vision call
logging.info(f"Analyzing image: {blob_url}")

# --- 3. Call Azure OpenAI for advanced filtering/analysis ---

# This step would involve sending the AI Vision results to Azure
OpenAl

# for a final content moderation or complex classification.

logging.info("Analysis complete. Storing results securely.")

except Exception as e:
logging.error(f"An error occurred: {e}")

# To deploy the code, you would package the function and its dependencies
# and use the following command (conceptual):

# az functionapp deployment source config-zip -g $RESOURCE_GROUP -n
$FUNCTION_APP_NAME --src function_app.zip

7. Validation & Testing

After deployment, follow these steps to validate that the pipeline is correctly
configured and functioning securely.
7.1. Resource and Identity Verification

Verify that all resources are deployed and the Function App has the correct security
permissions.

1. Resource Check: Verify all resources are running and in the correct resource
group.

az resource list --resource-group $RESOURCE_GROUP --output table

2. Identity Check: Verify the Function App has the correct RBAC roles assigned
(Storage Blob Data Reader and Cognitive Services User).



az role assignment list --assignee $PRINCIPAL_ID --scope
"/subscriptions/$(az account show --query id -o
tsv)/resourceGroups/$RESOURCE_GROUP" --output table

3. Policy Compliance: Check the compliance status of the resource group against
the assigned policy.

az policy state list --resource-group $RESOURCE_GROUP --filter
"PolicyAssignmentName eq 'Audit-AI-Diagnostics'"

7.2. End-to-End Functional Test
The ultimate test is to verify the entire event-driven flow.

1. Upload Test Image: Upload a test image to a blob container in the newly created
Storage Account.

2. Function Trigger: Verify that the Azure Function is triggered by checking the
Function App’s monitoring logs in the Azure Portal or via the Azure CLI.

3. Log Generation: Confirm that detailed logs of the Al interactions are generated
and successfully sent to the configured Log Analytics Workspace (as enforced by
the Azure Policy).

4. Final Result: Verify that the final, processed result (e.g., image tags, moderation
status) is written to the secure database (Cosmos DB/SQL - conceptual
component).

8. Troubleshooting

The following table outlines common issues and their resolutions for this specific
architecture.



Issue Potential Cause Resolution

Verify the Event Grid subscription

) o status in the Azure Portal. Ensure
Event Grid subscription

Function Not Triggered failed or Storage Account
public access is disabled.

the Function App has network
access to the Storage Account (if
Private Endpoints are used, check
VNet configuration).

Check az role assignment

list forthe Function App’s
Managed Identity lacks

Principal ID. Ensure the Storage
necessary RBAC

403 Forbidden Error Blob Data Reader and

permissions to access

. nitiv rvi rr
Storage or Al services. Cog e Services User roles

are applied with the correct
scope.

Scale up the SKU of the Azure Al

. High volume of requests Vision or Azure OpenAl service
Al Service Quota

hitting the service SKU (e.g., from S1to S2) or implement
Exceeded - . L
limit. a throttling mechanism in the
Function App.
Manually enable diagnostic
Newly deployed Al service = settings for the non-compliant
Policy Non-Compliance does not have diagnostic  resource, or wait for the Azure
settings enabled. Policy remediation task to run (if
configured).
The Function App’s Ensure the Function App has a
Managed Identity is not System-Assigned Managed
DefaultAzureCredential  correctly enabled or the Identity enabled. If running
Failure code is running locally locally, ensure you are logged in
without proper via az login and the correct
environment variables. environment variables are set.

9. Cost Optimization

This pipeline is designed with cost efficiency in mind, primarily leveraging
consumption-based services.



e Consumption Plan: The Azure Function is deployed on the Consumption Plan,
meaning you only pay for the compute time when the function is actively running
in response to an event. This is ideal for event-driven, intermittent workloads.

e SKU Selection: Start with lower-tier SKUs (e.g., S1 for Cognitive Services) and
scale up only when performance metrics and latency requirements necessitate it.
Avoid over-provisioning.

e Policy Enforcement: Use Azure Policy to prevent the deployment of overly
expensive SKUs or unapproved resource types across the organization, enforcing
a cost-conscious culture.

e Automated Cleanup: Implement a policy or script to automatically deallocate or
delete resources that are not actively in use (e.g., ML compute clusters, if they
were part of the architecture) to minimize idle costs.

e Storage Tiering: Utilize Azure Storage lifecycle management policies to
automatically move older, less frequently accessed data to cooler, cheaper
storage tiers (e.g., Cool or Archive).

10. Security Best Practices

The security of this pipeline is paramount, especially given the sensitive nature of
computer vision data and Al processing.

1. Principle of Least Privilege (PoLP): The Function App’s Managed Identity is
granted only the minimum necessary roles ( Storage Blob Data Reader and
Cognitive Services User ). NEVER grant the Contributor role.

2. Keyless Authentication: All service-to-service communication MUST use
Managed Identities and Azure RBAC. This eliminates the need to store secrets
(keys/passwords) in application code, configuration files, or environment
variables, significantly reducing the risk of credential leakage.

3. Network Isolation (Mandatory for Production): All services (Storage, Al
Services, Function App) should be integrated with a Virtual Network using
Private Endpoints. This ensures that traffic to and from these services travels
over the private Microsoft backbone network, preventing public internet
exposure and data exfiltration.

4, Content Moderation: Utilize the built-in content filtering features of Azure
OpenAl to prevent the generation or processing of harmful, illegal, or policy-



violating content.

5. Data at Rest Encryption: Ensure the Storage Account and any connected
database (e.g., Cosmos DB) use either Microsoft-managed or Customer-managed

keys (CMK) for encryption, with CMK being the preferred choice for high-
compliance environments.

6. Continuous Monitoring: Enforce the Azure Policy for diagnostic logging to
ensure all Al interactions are logged and monitored in real-time for suspicious
activity or policy violations.

11. Cleanup

To remove all deployed resources and avoid incurring further costs, execute the
following command. Ensure you have defined the RESOURCE_GROUP variable from
Step 6.1 before running this command.

az group delete --name $RESOURCE_GROUP --yes --no-wait

This command will asynchronously delete the entire resource group and all resources
contained within it.

This implementation guide is a technical document generated by Manus Al based on
the provided project documentation for PRJ-AZURE-AI-052.



