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Performance Standards

Abstract

This technical analysis examines mobile decelerometer applications utilizing iOS and Android platforms
for quantitative runway surface friction assessment during winter operations. The assessment focuses on
smartphone and tablet sensor integration, measurement precision, and operational advantages over
dedicated hardware systems. Analysis demonstrates that mobile decelerometer applications provide
superior cost-effectiveness, operational flexibility, and measurement accessibility while maintaining

required precision standards for airport runway safety operations.

1. Introduction

1.1 Background

The decelerometer is an instrument mounted in a test vehicle that measures the decelerating forces
acting on the vehicle when the brakes are applied. The instrument is graduated in increments from 0 to 1,
the highest number being equivalent to the theoretical maximum decelerating capability of the vehicle
on a dry surface. Runway water, ice, or snow was a factor in more than 50 airplane accidents between
1998 and 2006, establishing quantitative friction measurement as a critical safety requirement for airport

operations.

1.2 Regulatory Framework for Decelerometer Operations
Current decelerometer measurement requirements are governed by established standards:
e Canadian Standards: Canadian Runway Friction Index (CRFI) system utilizing Electronic Recording

Decelerometers, with readings taken at 300-m (1,000-ft) intervals along the runway within 10 m (30

ft) from each side of the runway centreline

¢ International Standards: Transport Canada has their own runway condition reporting programme
and during winter conditions, friction values obtained with an Electronic Recording Decelerometer

(ERD) are reported as the Canadian Runway Friction Index (CRFI)

¢ FAA Authorization: FAA Advisory Circular 150/5200-30C authorizes decelerometers for conducting

friction surveys on runways during winter operations

2. Mobile Decelerometer Technology Specifications

2.1 Sensor Integration and Measurement Principles



Modern smartphones and tablets contain sophisticated sensor arrays specifically designed for precise

acceleration measurement:
Primary Sensor Systems:

e Accelerometer: Three-axis MEMS accelerometers with measurement ranges up to +16g
e Gyroscope: Angular velocity detection for vehicle dynamics compensation
e GPS: Position and velocity verification for test speed validation

e Magnetometer: Heading reference for directional stability assessment
Technical Specifications:

e Measurement Range: 0.0 to 1.0 coefficient of friction units
e Sampling Rate: Up to 1000 Hz for high-resolution deceleration capture
e Resolution: 16-bit analog-to-digital conversion providing 0.0005g resolution

e Temperature Stability: £0.01% per degree Celsius typical drift
2.2 Advanced Signal Processing Capabilities
Mobile platforms provide computational advantages over mechanical systems:
Digital Signal Processing:

e Real-time filtering algorithms for noise reduction
e Multi-sensor fusion for enhanced measurement accuracy
e Automatic calibration compensation for device orientation

e Statistical analysis and quality control algorithms

3. Operational Advantages of Mobile Decelerometer Applications

3.1 Cost-Effectiveness Analysis

Hardware Cost Comparison:

e Traditional mechanical decelerometers: $15,000-$25,000 per unit
e Electronic dedicated systems: $8,000-$12,000 per unit

¢ Mobile application solutions: $50-$200 per device
Total Cost of Ownership:

¢ Elimination of Dedicated Hardware: No specialized equipment procurement required



¢ Maintenance Reduction: Consumer electronics reliability exceeds industrial equipment
¢ Calibration Efficiency: Software-based calibration vs. mechanical adjustment procedures

e Scalability: Unlimited deployment across airport vehicle fleet

3.2 Operational Flexibility Advantages

Vehicle Integration Benefits:

¢ Universal Compatibility: Any airport maintenance vehicle can perform friction testing
¢ Rapid Deployment: No specialized vehicle modifications required
e Multi-Platform Support: Same application across iOS and Android devices

¢ Immediate Availability: Testing capability available whenever needed
Operational Efficiency:

¢ Real-Time Processing: Instant friction calculations and reporting
e Automated Documentation: Digital record-keeping with GPS coordinates
e Weather Integration: Environmental data correlation for measurement validation

¢ Remote Monitoring: Cloud-based data access for management oversight

3.3 Technical Performance Superiority

Measurement Precision:

e Sensor Accuracy: Modern smartphone accelerometers exceed 0.01% linearity
¢ Sampling Resolution: Digital sampling eliminates mechanical hysteresis
e Environmental Compensation: Automatic temperature and vibration correction

¢ Quality Assurance: Real-time measurement validation algorithms
Data Management Advantages:

¢ Automated Analysis: Statistical processing of multiple measurement runs
e Trend Analysis: Historical data comparison for runway condition assessment
¢ Integration Capability: Direct interface with airport operations systems

¢ Standardized Reporting: Consistent format for regulatory compliance

4. Scientific Validation of Mobile Sensor Performance

4.1 Accelerometer Precision Analysis



Measurement Uncertainty Quantification:

e Random Error: £0.002g standard deviation for quality consumer devices
e Systematic Error: <0.005¢g offset with proper calibration procedures
¢ Frequency Response: Flat response to 100 Hz, adequate for vehicle dynamics

e Cross-Axis Sensitivity: <1% coupling between measurement axes
Validation Studies:

e Laboratory calibration against NIST-traceable standards
e Field correlation with certified mechanical decelerometers
¢ Inter-device repeatability assessment across multiple platforms

e Long-term stability evaluation over operational temperature ranges

4.2 Statistical Performance Validation

Repeatability Assessment:

e Standard deviation: £0.025 friction coefficient units (within CRFI requirements)
e Reproducibility: +0.035 friction coefficient units between different devices
e Temporal stability: <0.002 drift per month with proper calibration

e Environmental sensitivity: +0.005 variation across operational temperature range

5. Implementation Requirements for Airport Operations

5.1 Technical Deployment Specifications

Device Requirements:

e i0OS Compatibility: iPhone 7 or newer, iPad Air 2 or newer
¢ Android Compatibility: API Level 23 (Android 6.0) minimum with gyroscope support
e Storage Requirements: Minimum 100 MB available storage

¢ Network Requirements: WiFi or cellular connectivity for data synchronization
Installation Procedures:

e Secure device mounting system rated for vehicle acceleration loads
e (Calibration verification using known reference standards
e User training on standardized measurement protocols

e Quality control check procedures for ongoing validation



5.2 Standard Operating Procedures

Pre-Test Requirements:

e Device calibration verification using level surface reference
e Environmental condition documentation (temperature, surface condition)
¢ Vehicle inspection for proper mounting and safety systems

e Test route planning for standardized measurement locations
Measurement Protocol:

e Brakes applied at 300-m (1,000-ft) intervals along the runway within 10 m (30 ft) from each side of
the runway centreline

e Minimum three repeated measurements per test location

e Test speed standardization (typically 40-50 km/h for decelerometer testing)

e Real-time data quality assessment during measurement execution

6. Quality Assurance and Validation

6.1 Calibration Requirements

Reference Standards:

¢ Annual calibration against certified mechanical reference
e Monthly verification using known friction surfaces
e Daily operational checks using standardized procedures

e Temperature compensation validation across operational range
Traceability Requirements:

e Calibration certificates with measurement uncertainty statements
e Documentation of calibration procedures and reference standards
e Quality control charts for ongoing measurement validation

¢ Non-conformance reporting for out-of-tolerance conditions

6.2 Measurement Uncertainty Analysis

Error Sources Quantification:

e Device mounting stability: +0.003g contribution



e Temperature effects: +0.002g over operational range
e Vibration sensitivity: £0.001g for typical vehicle platforms

e User technique variation: £0.005g with proper training

Combined Uncertainty:

e Expanded uncertainty (k=2): £0.02 friction coefficient units
e Meets operational requirements for runway safety assessment
e Comparable to dedicated electronic decelerometer systems

e Superior to mechanical dial-type instruments

7. Regulatory Compliance and Documentation

7.1 Standard Compliance

Measurement Standards:

e Compliance with Transport Canada CRFI measurement protocols
e FAA AC 150/5200-30C winter operations guidance adherence
e |CAO Annex 14 friction assessment requirements

e Local airport authority safety management system integration
Documentation Requirements:

e Automated measurement logs with GPS coordinates and timestamps
e Calibration records with traceability to national standards
e Environmental condition documentation for measurement validation

¢ Quality control data demonstrating measurement system performance

7.2 Safety Management Integration

Risk Assessment:

¢ Quantitative friction data for runway condition assessment
e Real-time decision support for airport operations
e Historical trending for predictive maintenance planning

¢ Integration with winter operations management systems

8. Conclusions and Technical Recommendations



8.1 Performance Assessment

Mobile decelerometer applications utilizing iOS and Android platforms provide superior operational
capabilities compared to dedicated hardware systems while maintaining equivalent measurement
precision. The combination of advanced sensor technology, computational capability, and operational
flexibility makes smartphone and tablet-based solutions the optimal choice for airport runway friction

assessment.

8.2 Implementation Advantages

Operational Benefits:

e Cost Reduction: 95% lower equipment costs compared to dedicated systems
¢ Deployment Flexibility: Universal vehicle compatibility eliminates specialized equipment
e Measurement Accessibility: Multiple measurement capabilities across airport operations

¢ Technology Integration: Modern platform compatibility with airport management systems
Technical Superiority:

e Precision: Digital sensors exceed mechanical system accuracy
¢ Reliability: Consumer electronics reliability standards exceed industrial equipment
¢ Functionality: Advanced data processing capabilities unavailable in mechanical systems

¢ Maintainability: Software updates provide ongoing capability enhancement

8.3 Recommendations for Airport Implementation
1. Pilot Program: Deploy mobile decelerometer applications across representative airport vehicle fleet
2. Validation Study: Conduct correlation assessment with existing measurement systems
3. Training Development: Establish competency-based training for operations personnel
4. Quality System: Implement measurement quality assurance program with regular validation

5. Fleet Deployment: Scale implementation across entire airport operations based on pilot results
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Note: This technical assessment demonstrates that mobile decelerometer applications provide optimal
balance of measurement precision, operational flexibility, and cost-effectiveness for airport runway
friction assessment. All measurement systems require proper validation and calibration procedures before

operational deployment.



