Low Level Design Document

This Low Level Design (LLD) document details the core implementation plan for HealthBridge -
Integrated Patient Data Exchange. HealthBridge is a secure, open-source web platform enabling
healthcare providers to exchange, analyze, and collaborate on anonymized patient data across
organizations, supporting interoperability, analytics, Al insights, and collaborative case management.

1. System Components

Component Technology Key Responsibilities

API Gateway Django REST Route/authenticate API requests, enforce RBAC

User & Org Management | Django ORM User/org CRUD, OAuth2, roles, onboarding

Data Exchange Service Django, ETL utils | Secure upload/download, FHIR/CSV parsing, anonymization
Analytics Engine Python, Chart.js Real-time queries, dashboards, export (PDF/CSV)

Al Insights Module scikit-learn, TF ML models for predictions, feedback loop

Case Management Django ORM Shared workspaces, discussions, audit trail

Database PostgreSQL Store users, orgs, cases, anonymized data, logs
Containerization Docker Deployment, scaling, environment isolation

2. Class/Interface Overview

Class/Interface Description Key Methods/Attributes

User System user, role-based email , role, org, is active
Organization Healthcare org name , members , settings
PatientRecord Anonymized patient data (FHIR/CSV) data , org, uploaded by, ts
Case Collaborative case workspace title , participants , status
Insight Al-generated recommendation case , content , model version
AuditLog System activity log actor , action , target , ts

Relationships:

e User belongsto oOrganization

e PatientRecord linkedto oOrganization
e Case hasmany participants ( User )
e 1Insight linkedto case

e AuditLog references all major actions



3. Data Structure Overview

Model Fields (Type)

User id, email (str), password (hash), role (enum), org (FK), is_active (bool)
Organization id, name (str), members (M2M User), settings (JSON)

PatientRecord id, data (JSON), org (FK), uploaded_by (FK User), created_at (datetime)
Case id, title (str), participants (M2M User), status (enum), created_at

Insight id, case (FK), content (JSON), model_version (str), created_at

AuditLog id, actor (FK User), action (str), target (str), ts (datetime), details (JSON)

4. Algorithms / Logic

A. Data Upload & Anonymization Flow

def upload patient data(user, file):

assert user.has perm('upload data')

data = parse file(file) # CSV/FHIR JSON

anon data = anonymize (data) # Remove PHI fields

if validate fhir(anon data):
PatientRecord.objects.create (data=anon data, org=user.org, uploaded by=t
log action(user, "upload", "PatientRecord")

else:
raise ValidationError ("Invalid FHIR data")

B. Al Insights Generation

def generate insight (case id):
case data = get case data(case id)
features = extract features(case data)
prediction = ml model.predict (features)
Insight.objects.create (case=case id, content=prediction)

5. Error Handling

Scenario Handling Approach

Invalid authentication/token Return 401 Unauthorized, log attempt
Insufficient permissions Return 403 Forbidden, audit log

Data validation failure Return 400 Bad Request, error details
FHIR mapping/parsing error Return 422 Unprocessable Entity, log error

ML model unavailable/error Return 503 Service Unavailable, fallback notice



&

File upload error

Return 400/413, log and notify user

System exception

Return 500, log stack trace, alert admin
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