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Some Observations 

❏ In recent years, ML has changed our expectations of what is possible with 
computers

❏ Increasing scale (compute, data, model size) delivers better results
❏ Algorithmic and model architecture improvements have provided massive 

improvements as well
❏ The kinds of computations we want to run and the hardware on which we run 

them is changing dramatically
❏ One model can performs multi tasks (language translations, data extraction, 

image processing etc.)
❏ Model remember context of discussion 



Case Study: Regulatory & Operational Lessons 
from PIA PK8303
Critical Analysis of Systemic Risks in Aviation Safety and Governance

30%
FRAUDULENT LICENSES

262 of 860
Active Pilots Proxy-Tested

The Anatomy of the PK8303 Accident
On May 22, 2020, an Airbus A320 crashed in Karachi, resulting in 97 fatalities 
following an unstabilized approach. The flight crew repeatedly ignored GPWS "TOO 
LOW GEAR" warnings, resulting in a runway belly landing, engine scrape, and 
subsequent dual engine failure during an attempted go-around.

Governance Crisis & Global Fallout
Post-crash investigations exposed a severe regulatory integrity failure: 
approximately 30% of all active national pilot licenses were fraudulent or 
proxy-tested. This discovery prompted immediate safety and airspace bans on the 
national carrier by EASA, the FAA, and the UK Civil Aviation Authority.

KEY TAKEAWAY

"Combining cockpit non-compliance with manual, paper-based regulatory licensing gaps creates catastrophic 
systemic risk and lasting international reputational damage."



India's Commercial Aviation Expansion
Rapid fleet scaling drives exponential overhead, exposing critical system bottlenecks.

Key Market Drivers
The aviation sector is experiencing unprecedented rapid 
expansion, creating massive regulatory demands:

● Fleet Projections: Anticipating expansion to over 
2,000 active aircraft across Indian carriers.

● SDR Growth: An exponential increase in Service 
Difficulty Reports and maintenance logbook volume.

Current Operational Bottlenecks
Regulatory systems face structural challenges due to 
decentralized and manual data workflows:

● Siloed Aviation Data: Lack of integration across 
eGCA, OEM Airworthiness Directives, and 
maintenance logs.

● Manual Compliance Tracking: Heavy administrative 
overhead to track lease, insurance, and Certificate of 
Airworthiness renewals.

● Inspector Overhead: High paperwork burdens 
severely reduce critical field surveillance time, while 
fixed calendar-based audits risk missing emerging 
technical degradation.



Predictive Regulatory Intelligence
Evolving oversight from reactive surveillance to dynamic, AI-driven risk mitigation

Today: Reactive Surveillance
AUDIT TRIGGER
Fixed calendar cycles (annual/quarterly schedules).

INSPECTION TARGET
Random sample tail selection for fleet checks.

DOCUMENT PROCESSING
Manual review of Airworthiness Directives, Service 
Bulletins, and certificates.

SAFETY INTELLIGENCE
Post-incident trend analysis after critical escalations.

Tomorrow: Gemini Predictive Oversight
AUDIT TRIGGER
Dynamic, risk-based audit scheduling driven continuously 
by AI.

INSPECTION TARGET
Predictive queue highlighting specific, localized aircraft 
degradation.

DOCUMENT PROCESSING
Instant multimodal parsing and ingestion of complex 
directives.

SAFETY INTELLIGENCE
Real-time safety digital twin predicting airspace hotspots 
dynamically.



Intelligent Aviation Architecture Overview
Predictive safety decision engine built on Google Cloud India's MeitY-empaneled foundation

STAGE 01 • INGESTION

Real-Time Ingestion
Continuous ingestion 
architecture mapping multiple 
live operational feeds:

● eGCA Portal Feeds

● OEM Airworthiness 
Directives

● Real-Time Flight 
Telemetry

● Service Difficulty 
Reports (SDR)

Managed via Cloud Data 
Integration layer

STAGE 02 • SOVEREIGN TWIN

Aviation Digital Twin
Hosted entirely on Google Cloud 
India's MeitY-empaneled 
platform:

● Unified Data warehouse

● AI Search orchestration

● Document AI 
automated digestion

Ensures localized data 
sovereignty & policy 
compliance

STAGE 03 • AGENT MESH

Gemini Multi-Agent Mesh
Collaborative enterprise agent 
architecture powering analysis:

● Gemini Enterprise 
model pool

● Inter-agent verification

● Automated 
cross-referencing of 
tech logs & bulletins

Drives cognitive search & 
critical risk signal detection

STAGE 04 • COMMAND CENTER

Centralized DGCA Control
Actionable operational interface 
for inspectors and leadership:

● Predictive inspection 
queue

● Real-time aviation 
safety dashboards

● Immediate anomalous 
alert triggers

Enables pre-emptive action on 
systemic risks



Collaborative AI Digital Assistants
Multi-Agent AI Mesh operating continuously to monitor, score, and protect airspace safety

Airworthiness Agent
Parses OEM bulletins and 
mandatory directives, 
automatically flagging 
overdue aircraft 
modifications.

Surveillance Agent
Computes daily operator 
risk scores and technical 
profiles to generate 
optimized AI audit 
schedules.

License Agent
Actively monitors lease 
expirations, airworthiness 
certificates, and insurance 
validity periods.

Safety Digital Twin
Synthesizes pilot reports, 
weather delays, and defect 
patterns to proactively 
identify airspace hotspots.



Automated Airworthiness Surveillance
End-to-end processing from OEM ingestion to one-click inspector mobilization

01. EMISSION
OEM Bulletin Issued

02. COGNITION
Gemini Ingestion

03. CORRELATION
eGCA Fleet Match

04. ANALYSIS
Overrun Risk Scoring

05. RESOLUTION
One-Click Dispatch

CRITICAL AD ALERT: EASA AD 2026-08-10
Target Hardware: Pratt & Whitney GTF Engine High-Pressure Rotor

CRITICAL

FLEET DETECTION & TARGET STATUS
ECA SYSTEM WIDE MATCH

14 Affected Indian Tails detected in eGCA registry database.

FLAGGED AIRCRAFT FOCUS

Tail Number: VT-IBX
Remaining Cycles: 12 Flight Cycles Left
Warning: No upcoming maintenance slot detected within 
limit.

AI AGENT RESOLUTION REQUISITION
The risk engine identified a high overrun likelihood. The system 
recommends the following immediate actions:

▶ Draft mandatory MTM Inspection Order for immediate 
engineering execution.

▶ Alert the Regional Airworthiness Office of localized risk profile.

DRAFT INSPECTION ORDER
ALERT REGION



Technical Bulletin Compliance Automation
Gemini & Document AI Grounded in DGCA Civil Aviation Requirements

MULTIMODAL ENGINEERING PDF PARSING
Gemini and Document AI provide robust extraction of unstructured 
and complex engineering documents, simultaneously processing 
multiple critical formats:

• Intricate Diagrams: Decodes complex OEM schematics, 
structural spatial layouts, and engineering blueprints.

• Tabular Limits: Extracts precise tabular thresholds, structural 
tolerances, and flight-cycle service limits.

• Handwritten Stamps: Digitizes physical ink stamps, engineer 
signatures, and handwritten inspection approvals.

Engineered for official bulletins from Boeing, Airbus, and Pratt & 
Whitney.

INSTANT eGCA REGISTRY CROSS-REFERENCING
The system automatically maps extracted technical bulletin 
criteria against all registered Indian aircraft tail numbers in 
seconds.

This enables instant identification of affected fleet units, streamlining 
compliance scheduling and accelerating mandatory regulatory 
alignment.

GROUNDEDPRECISION GROUNDING

Ensures zero hallucination by strictly anchoring and grounding 
compliance outputs in official civil aviation frameworks.

Provides direct link citations to exact regulatory clauses within the 
DGCA Requirements and Aircraft Rules 1937.



Automated Airworthiness Compliance
End-to-End Real-Time Monitoring and Proactive Safety Enforcement

1. OEM Publication
Original Equipment Manufacturer releases official 
Airworthiness Directives (AD).

2. Gemini Parsing
AI parses unstructured regulatory text to isolate conditions, 
cycles, and deadlines.

3. Fleet Matching
The parsed rules are cross-referenced with live aircraft 
registries and flight logs.

4. Risk Evaluation & Alerting
Systems evaluate compliance risk, project margins, and 
trigger urgent inspector alarms.

URGENT INSPECTOR ALERT

AIRCRAFT TARGET: Tail VT-IBX

High Pressure Turbine (HPT) Inspection Required
Compliance is required within 50 Flight Cycles. System detection 
confirms critical threshold nearing.

REMAINING MARGIN

12 Cycles
MAINTENANCE SLOT
NOT BOOKED
RECOMMENDED ACTION
Issue mandatory audit order immediately.



Composite Operator Risk Index
Dynamic 0-100 live surveillance queue & parameter weighting

Risk Parameter Weighting System
Weighted multi-factor tracking generates real-time regulatory 
oversight and immediate operational surveillance cues.

● 30% Weight: SDR defect velocity & repeat system 
failure trends.

● 25% Weight: Past audit non-conformance & delayed 
resolution history.

● 20% Weight: Fleet age & utilization intensity metrics.

● 15% Weight: Maintenance capacity & crew turnover 
signals.

● 10% Weight: Lease expiry tension & lessor 
compliance standards.

Live Operator Surveillance Queue

Operator C — Risk Index: 88/100

TRIGGERS IMMEDIATE FIELD MTM AUDIT (Repeat bleed valve / 
Imminent lease expiry)

Operator B — Risk Index: 64/100

SCHEDULED PREVENTATIVE DESK REVIEW (Mid-tier fleet wear & 
crew churn)

Operator A — Risk Index: 28/100

PROMPTS ROUTINE ANNUAL AUDIT (Optimal maintenance history 
& low turnover)



DGCA Predictive Oversight Control Center
Real-time safety telemetry & Gemini enterprise query integration

842
ACTIVE FLEET TAILS

99.4%
AD COMPLIANCE RATE

5
FLAGGED MTM INSP.

ACTIVE SAFETY HOTSPOTS MAP

DEL / BOM Regional Corridor
Automated telemetry monitoring flagged repeating anomalies 
within high-density corridor routes.

3 Repeat Anomalies Detected
Repetitive flight control sensor discrepancies reported across regional 
turboprops.

Mitigation Status

Predictive routing rules applied; increased scheduled ramp 
surveillance prioritizations active across DEL & BOM hubs.

GEMINI ENTERPRISE QUERY CONSOLE

INSPECTOR QUERY (NATURAL LANGUAGE)
"Query Boeing 737 aircraft with Certificates of 
Airworthiness expiring in 60 days."

Real-time AI Verification Output

9 Aircraft Identified
8 Verified Compliant

1 Flagged Aircraft
VT-EXK (Insurance Gap)

! ALERT DETAILS: VT-EXK
Cert. of Airworthiness is valid, but an insurance renewal gap is 
flagged inside the 60-day expiry threshold.

Gemini Action: Auto-drafted compliance alert finalized and 
queued for immediate inspector dispatch.



Surveillance Prioritization Framework
Composite Risk Index weights operator & aircraft metrics to target inspection resources

CRI Metric Weighting

30% — Technical Reliability
SDR frequency & repeat defect velocity

25% — Compliance History
Audit non-conformance history records

20% — Fleet Utilization
Overall aircraft fleet age & utilization profiles

25% — Operational Stability
Staff turnover & financial distress signals

RED TIER — IMMEDIATE AUDIT
Triggered by critical Composite Risk Index peaks. Directs immediate physical 
audit deployment and operational checks.

AMBER TIER — DESKTOP ENGINEERING REVIEW
Elevated risk indicators. Initiates desktop engineering reviews, technical 
queries, and continuous data monitoring.

GREEN TIER — ROUTINE ANNUAL AUDIT
Safe operational index. Standard maintenance cycle with normal scheduling 
for regular annual oversight.



Aviation's Hidden Climate Footprint

Mitigating Contrails with Google AI

The Contrail Climate Challenge & AI Solution
Contrails account for approximately 35% of aviation's global 
warming impact, exceeding the climate impact of total jet fuel 
burned 2022 IPCC Report). These artificial cirrus clouds trap 
atmospheric heat, particularly during nighttime flights.

To address this, Google Research and Breakthrough Energy 
developed the Google AI Contrail Forecasting Engine. This solution 
combines GOES16 satellite imagery, weather physics, and flight 
telemetry into predictive maps.

By integrating directly into pilot flight planning tools like PACE FPO, it 
enables real-time cockpit route optimization, allowing minor altitude 
adjustments to avoid contrail-forming humidity layers.

35%
Of Aviation's Warming Impact

COCKPIT OPTIMIZATION
Real-Time Route Planning
Enables pilots to make minor altitude 
adjustments to bypass high-humidity 
layers and entirely avoid creating 
climate-warming contrails.



Operational Milestone

Flight Trial Breakthrough: 
54% Contrail Reduction
Operational Milestone with American Airlines

A 6-month commercial flight test with American Airlines 
across 70 flights yielded a verified 54% reduction in contrail 
formation, confirmed via satellite imagery analysis.

This first global proofpoint demonstrates that commercial 
airlines can verifiably reduce climate warming without 
disrupting arrival schedules. The adjusted flights consumed 
only 2% additional fuel, with an estimated fleet-wide fuel 
impact as low as 0.3%.

With a carbon abatement cost of $5 to $25 per ton CO2e, this 
represents one of the most cost-effective climate measures in 
aviation history.

54%
Verified Contrail Reduction
Confirmed via satellite imagery analysis

2% Adjusted Fuel Impact
Additional fuel consumed during 
adjusted test flights

0.3% Fleet-wide Fuel Impact
Estimated global fleet fuel impact if 
fully optimized

$5$2
5

Carbon Abatement Cost
Per ton CO2e, representing highly 
cost-effective scaling

https://blog.google/innovation-and-ai/technology/ai/ai-airlines-contrails-climate-change/ 

https://blog.google/innovation-and-ai/technology/ai/ai-airlines-contrails-climate-change/


Google Cloud is 
the only provider 
to offer first-party 
solutions across 
the entire AI stack.



Aviation Enterprise Capabilities
Google Cloud delivers proven, battle-tested deployment blueprints designed for secure aviation and 
regulatory operations

Lufthansa Technik Success
"Utilizes BigQuery and machine learning to reduce 
unscheduled aircraft groundings by over 30%."

Airbus Digitalization
"Leverages Vertex AI and Document AI to successfully 
digitize, index, and query complex structural inspection 
logs."

Sovereign Security Blueprints

Designed for sovereign government applications requiring absolute 
compliance and data control:

● Multi-Layer Encryption: Secured with customer-managed 
encryption keys.

● Access Control: Strict role-based models for data authorization.

● Complete Auditability: Full system logging to ensure secure 
regulatory operations.




