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Introduction
With the introduction of Innovata Data as the new source of flight schedule data, the ASPM team has implemented a series of processing changes designed to adapt to and take advantage of this new data source, and is implementing a quality assurance (QA) strategy to discover and address data completeness, validity, and consistency issues.  While the data files supplied by Innovata are similar in many ways to the files provided by the former provider, OAG, the Innovata data is sufficiently different to require a new processing and QA program.

The purpose of this document is to delineate the processing and QA strategies used specifically for the Innovata data to create the two primary products from this data:  The Flight Schedule Data System (FSDS), and the monthly proc file format used by other systems.  QA elements are applied at various stages of the production cycle:  Pre-processing, Post-processing, and Completion/Trend Analysis.
An Overview of FSDS

The Flight Scheduled Data System (FSDS) contains flight schedule data by air carrier and airport. Flight schedule data is used by the FAA for forecasting traffic demand and investment analysis.  Data contained in the FSDS is updated on the 1st, and 16th of every month from data files provided twice a month by Innovata.  Each file includes information for the current month plus the next five months of schedule data.  The first two weeks of the first month are frozen and cannot be changed after the mid-month data file is received.  Quality assurance begins the moment the file is received from Innovata by assuring that the file size is consistent with previous files, and continues through the entire processing and post-processing phases.  
Pre-Processing Filter of Schedule Records

The files provided by Innovata include many records that are not required or appropriate for FAA’s analytic requirements.  A series of filters are applied to the records prior to processing for the purpose of dropping records that meet certain conditions.  Figure 1 below shows the filters that are applied.  
Figure 1:  Pre-Processing Filters
	Issue
	Test
	Type of Test
	Action 

	Only flight records should be included
	Passenger and Freight ground transportation (Service type V or U)
	Filter
	Drop record

	Each flight leg should be listed one time only.
	Subsequent stops of Multi-Stop flights (stops > 0)
	Filter
	Drop record

	Exclude duplicates due to code share arrangements
	Duplicates due to code share arrangements (codeshare > 0)
	Filter
	Drop record

	Exclude refueling stops and other legs with no passenger enplanement or deplanement.
	Specific Traffic Restrictions (A, H, I, M, T, and Z) (see IATA Appendix G)
	Filter
	Drop record

	Exclude duplicates due to freight flights with seats.
	Freight Service with Seats > 0 (record duplicates a passenger flight)


	Filter
	Drop record

	Exclude JFK helicopter traffic
	Helicopter traffic to or from JFK


	Filter
	Drop record


Records that pass this initial filtering are candidates for FSDS and proc file systems.
Pre-Processing Data Validation
After the initial filters are applied, each record is examined for two primary purposes.  First, a cross validation of codes contained in the flight schedule records and the ASPM look up tables is carried out to ensure that there is agreement between the two sources, and to make corrections in either source where required.  Second, each record is checked for eight types of common coding errors.  The following describes both the look up validations and the error testing performed on each record.

Examine Records and Update Look Up Tables

Each input record is read and various codes on the record are checked against the ASPM Look Up Tables.  These tables record information about Location Identifiers, Selling Carrier Codes, Operating Carrier Codes, and Equipment Codes, and Number of Seats. New codes are added and existing codes are updated with information from the Innovata input record if the Look Up table entry is different from the input data.  The number of seats in the lookup tables are substituted for the number of seats reported by Innovata because the carrier reported number of seats has been found to be unreliable in many cases.  Logs of changes made to the Look Up tables are written for each table.
In addition, to manage the Innovata data, we needed to add several tables to validate codes.  They are:

1. CNTRY2CODE_WAC – Table of numeric World Airport Codes and the 2 Character ICAO Country Code.

2. ICAO_CTRY_CODES – Table of 2 character ICAO Country codes (used to populate and validate the CNTRY2CODE_WAC codes).

3. INNOVATA_WL_INFO – Table of Wet lease operators with translations, where possible to ICAO codes.

Finally, the lookup table validation process includes a set of set of seven “sanity checks” to ensure that the contents of the lookup tables are internally consistent.  The tests and checks conducted on/using the lookup tables are listed in Table 2.
Figure 2:  Lookup Table Updates
	Issue
	Test
	Type of Test
	Action 

	Innovata data may contain new LOCIDs, Carrier Codes, Equipment Codes, World Airport Codes, or Wet Lease operators.
	Use FSDS lookup manager to detect new codes and validate the new information.
	Completeness
	Review new information and modify lookup tables if required.

	Innovata may contain new information related to codes contained in the lookup tables.
	Produce a file containing new information related to the lookup tables.
	Update
	Review the output and update the lookup tables unless there appears to be a serious error.

	When an airline modifies the configuration of an aircraft, the number of seats need to be validated.
	When industry publications indicate that one of the 50 largest carriers has made a change affecting aircraft configuration, validate the seats using information on the airline website or seatguru.com.
	Lookup table validation
	Update seats as required in the seats lookup table.

	When Innovata records indicate that an airline has begun flying a new aircraft, the number of seats need to be validated.
	For the largest 50 carriers validate that number of seats for domestic and foreign flights using information on the airline website or seatguru.com
	Lookup table validation
	Update seats as required in the seats lookup table.

	Only U.S. airlines can be considered major airlines.  Only flight records should be included
	Validate that no Canadian or other foreign airlines are classified as majors.  
	Lookup table validation.
	Modify lookup table if required.

	Only U.S. airlines can be classified as domestic.
	Validate that no Canadian airlines are classified as domestic.


	Lookup table validation.
	Modify lookup table if required.

	Network airlines and low-cost airlines are mutually exclusive.
	Validate that no network airlines are also classified as low-cost, and vice versa.  
	Lookup table validation.
	Modify lookup table if required.

	Commuter airlines and network airlines are mutually exclusive.  
	Validate that no commuter airlines are also classified as network, and vice versa.  
	Lookup table validation.
	Modify lookup table if required.

	Low cost airlines and freight airlines are mutually exclusive.
	Validate that no low-cost airlines are also classified as freight, and vice versa.
	Lookup table validation.
	Modify lookup table if required.

	Commuter airlines and freight airlines are mutually exclusive,
	Validate that no commuter airlines are also classified as freight airlines, and vice versa.  
	Lookup table validation.
	Modify lookup table if required.

	Freight aircraft should not have any seats.
	Validate that no freight aircraft have seats.

	Lookup table validation.
	Modify lookup table if required.


Testing for Defined Errors
After validating against the Look Up tables, each record is checked for eight defined errors that identify basic data validity and missing data issues. Records that fail any of these tests are written out to a special log for further review, and each record is tagged with the test number it failed. A single record may fail more than one test.  Currently, these errors are gathered into spreadsheets and sent back to Innovata for review.  Some of these tests will result in a record being dropped if a test is failed, while others allow the record to continue processing.  Currently, there are no data tests that cause processing to halt.  Figure 3 describes the eight Defined Error Tests.
Figure 3:  Pre-Processing Defined Error Tests (Chk_000)
	Issue/Purpose
	Test
	Type of Test
	Action 

	Detect errors associated with daylight savings time.  

These types of errors result in incorrect arrival  or departure times.
	Chk_001:TZ Errors
	Validity
	Not dropped.

Sent to Innovata to double check. 

	World airport codes must be present and valid
	Chk_002: Departure WAC Error


	Validity
	Not dropped.

Sent to Innovata to double check.

	World airport codes must be present and valid
	Chk_003: Arrival WAC Error


	Validity
	Not dropped.

Sent to Innovata to double check.

	Calculated distance based on lat/longs of the arrival and departure airport should equal the distance reported.
	Chk_004: Calculated distance +/- 25% or more for distance >100 miles and at least one end US


	Validity
	Not dropped.

Sent to Innovata to double check.

	Distance should not equal zero.
	Chk_005:  g2g or distance = 0
	Validity
	Not dropped.

Sent to Innovata to double check.

	Dividing distance by time should result in a valid speed value.
	Chk_006:  MPH < 100 for distance > 100 miles and at least one end US
	Validity
	Not dropped.
Sent to Innovata to double check.

	Dividing distance by time should result in a valid speed value.
	Chk_007:  MPH > 700 for distance > 100 miles and at least one end US
	Validity
	Not dropped.  Sent to Innovata to double check.  

	All operating carrier codes should be listed.
	Chk_008:  Operating Carrier missing codes:

Grouped by wet lease name
	Missing
	Not dropped.
Sent to Innovata to double check.  


Manual Examination of Processing Logs

Through effective cooperation and coordination between the ASPM staff and Innovata, data quality has been improving gradually for most of the eight tests described above.  However, some problems persist, and in these cases additional manual examination of the processing logs, further research, and decisionmaking about how to address the issues may be required.  For example in the April 1 file more than 3,600 records have a calculated speed of less than 100 mph.  A more detailed look at the output file indicates that some of these records are for helicopter flights, and most of the others are for one carrier.  Further research into the one carrier may be needed, and it may be appropriate to eliminate all helicopter flights (not only those for JFK).
Post-Processing, Pre-Public Examination of Data

It is assumed that the pre-processing filters and QA tests will have identified and remedied most problems with the data before it is loaded.  The ASPM staff tested several approaches to post processing QA to ensure that outliers indicating a problem with the data are identified, and to reduce the identification of “false positives” -- apparent outliers that are due purely to seasonal traffic or changes in economic conditions.  
The agreed upon approach is an automated QA interface that allows users allow users to choose comparison periods and adjust the test sensitivity to broaden or narrow the identification of outliers requiring further analysis.  The tests allow a comparison of the average daily operations and operations by day of the week for the current month compared to the previous month, and compared to the same month in the previous year: by OEP35 airport; by OEP35 airport for carriers that account for more than 5% of OEP35 traffic; by OEP35 airport for all other carriers; and by carrier at the OEP35 airports for those carriers that account for more than 5% of the OEP35 traffic.  Drill down capability helps to surface missing data and allows further understanding of data discrepancies.  In addition, the difference between arrivals and departures for each airport can help to identify the cause of significant changes in operations.    See Figure 4.

Figure 4:  Post-Processing, Pre-Public QA Tests

	Issue/Purpose
	Test
	Type of Test
	Action 

	Validate that average daily flights for larger carriers are consistent month to month.
	Month to month comparison of the average daily arrivals, departures, and total operations by carrier at the OEP35 airports for those carriers that account for more than 5% of the OEP35 traffic.
	Range
	Follow-up with targeted review.

	Validate that average daily flights for the OEP airports are consistent month to month
	Month to month comparison of the average daily arrivals, departures, and total operations by OEP35 airport; by OEP35 airport for carriers that account for more than 5% of OEP35 traffic; and by OEP35 airport for all other carriers.
	Range
	Follow-up with targeted review.

	Validate that arrivals and departures are in alignment to identify possible mis-codings of airlines or other problems with the record.  
	A count of average daily Departures  minus Arrivals  by month: 
	Missing or mis-coded data
	Follow-up with targeted review.

	Validate that flights by day are consistent for the current month compared to the previous month and compared to the same month in the previous year.
	A count of flights by day of week.
	Missing data
	Follow-up with targeted review.


Completion/Trend Analysis
Completion processing compares schedule data to observed flight data to determine if the actual flight data supports the scheduled flight data.  When actual flights are not in line with the schedule, it may indicate that the schedule data was incomplete or out of date.  This type of analysis has not yet been conducted.  
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