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SUMMARY 

 

This paper presents initial analyses of observed ADS-B Version 2 quality parameters in 

comparison to the requirements of the U.S. ADS-B Out rule. 

 

 

 

1. INTRODUCTION 

 

1.1 The U.S. ADS-B Out rule (14 CFR 91.225 and 14 CFR 91.227) does not describe any 

requirements for the availability of the ADS-B quality parameters required. An argument can be made 

that this implies 100% availability as the requirement for compliance with the U.S. ADS-B Out rule. 

From an engineering perspective, such a requirement is not realistic and would likely lead to 

burdensome and unnecessary enforcement actions. Therefore, the FAA is analyzing both the current 

performance of U.S. secondary surveillance systems used for ATC and current ADS-B Version 2 

avionics performance, to derive operationally realistic benchmarks for the availability of the ADS-B 

quality parameters required by 14 CFR 91.227. This paper discusses the initial ADS-B Version 2 

avionics performance analyses. 

 

1.2 The FAA gathers and records the performance of ADS-B emitters that are detected by 

the current operational ADS-B radio stations in the U.S. via the Surveillance and Broadcast System 

Monitor. Per discussions with FAA Aircraft Certification, a set of aircraft with known equipage 

configuration were identified for study. Unless otherwise noted, ADS-B Version 2 emitters were 

chosen for this paper. This section summarizes the operational availability of NIC>6 and NACp>7, 

averaged over 2 months of flight operations, as well as the maximum continuous period when NIC<7 

for these groups of aircraft. This information is also available at the individual aircraft level if desired. 

Unless otherwise noted, the data quoted in this paper is for a two-month period during June 1 – 

August 31, 2013. 
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1.3 JetBlue A320 aircraft equipped with ADS-B Version 2 are not shown since their 

performance falls within the overall range of the UPS aircraft. This is expected since all JetBlue 

aircraft use the Rockwell Collins GLU-920 Multi-Mode Receiver (MMR) used by some UPS aircraft. 

UPS has a mix of Rockwell Collins MMRs in their fleet of aircraft equipped with DO-260B 

transponders:  the GLU-925 and the GLU-920. Per Rockwell Collins, the GLU-925 is a Selective 

Availability aware (SA-aware) receiver and calculates both Horizontal Figure of Merit (HFOM) and  

Horizontal Protection Limit (HPL) (which convert to NACp and NIC respectively) accordingly; the 

GLU-920 calculates HFOM as SA-aware but HPL as SA-unaware. UPS is allowed to interchange 

these Rockwell MMRs on their aircraft, so a given aircraft can report different nominal NIC values 

from flight-to-flight – for this reason, all UPS aircraft Version 2 data are reported herein. US Airways 

A330s are equipped with Thales SA-aware MMRs. The UAT Gulf helicopters are all equipped with 

FreeFlight GPS/WAAS receivers, while the Embry-Riddle aircraft and Alaska aircraft equipped with 

UAT are all believed to be equipped with Garmin GPS/WAAS receivers. 

 

1.4 In the attached Table, Operational Availability ranges are shown for all aircraft in the 

group (rounded to the precision shown, so 99.995% will display as 100.00%), while the “Maximum 

Period NIC<7” column shows a representative outage for a single aircraft with two characteristics: 

 

[a] whose availability was >99% but <100% during the period; and  

 

[b] which had >400,000 ADS-B reports during the period. 

 

Version 2 aircraft information (UPS, US Airways, and Gulf helicopters) is for a 2-month period as 

noted above. Version 1 aircraft information is February 2012 through August 2013 and the 

Operational Availability is averaged over that period (about 18 months). 

 

2. DISCUSSION 

 

2.1 The data in the Table shows that, as expected, NIC>6 is the most challenging 

parameter to achieve with high availability using GPS position sources that were designed and 

certified prior to GPS Selective Availability being disabled (SA-unaware or “SA-on” receivers). The 

UPS aircraft have such a large range of NIC>6 availability since this fleet uses both SA-aware and 

SA-unaware GPS MMRs, both across the fleet and even both MMR models on a single aircraft. The 

US Airways fleet performance is thought to be reasonably representative of typical SA-aware MMR 

performance, even though only one manufacturer’s MMR model is the source of the data shown. The 

average NIC>6 performance of aircraft equipped with an Satellite-Based Augmentation System 

(SBAS) appears roughly equivalent to the average NIC>6 performance of aircraft equipped with SA-

aware MMRs, even though the U.S. SBAS service, the Wide-Area Augmentation System (WAAS) 

had no notable service outages during this period. 

 

2.2 To test the effect of a GPS satellite outage on the performance data in the Table, FAA 

examined the performance of 95 aircraft equipped with ADS-B Version 2 which flew both during a 

GPS satellite slot outage and the next day. The satellite slot outage selected was PRN04, which was 

placed in maintenance from 3-Sep 1717Z to 4-Sep 0029Z. After examining the satellite’s orbit during 

this period, the ADS-B analysis was limited to the period 3-Sep 1730Z to 2200Z (when the satellite 

would have likely been “above the horizon” in the CONUS). Note however, that we have no way to 

know, for a given aircraft, whether PRN04 was being used to compute the navigation solution, 

including Receive Autonomous Integrity Monitoring (RAIM). The analysis includes only aircraft 

which recorded more than 3,950 ADS-B reports during both the analysis period and on 4-Sep from 

0100-2359Z. Only aircraft reporting SIL>2 and NACp>7 were analyzed (aircraft consistently 

reporting SIL/NACp=0 were omitted). 
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2.3 Of the 95 analyzed aircraft, 80 were 1090ES emitters and 15 were UAT emitters. The 

analyzed 1090ES emitters included 32 JetBlue A320s, 14 UPS aircraft (various models), and 10 US 

Airways A330s. The analyzed UAT emitters included 2 PHI helicopters. These are all known 

configurations of GNSS position sources. Further, to the FAA’s knowledge, all Version 2 UAT 

emitters are interfaced with a GPS/WAAS position source. 

 

2.4 The aircraft that showed a drop of NIC>6 availability that was more than 1% during 

the 3-Sep period (versus the 4-Sep) period were JetBlue (21) or UPS (2) aircraft (23 of the 95 

aircraft). Most aircraft analyzed, including all US Airways A330s and the PHI helicopters, showed no 

discernable NIC>6 availability differences during the two analyzed days. 

 

2.5 Eight aircraft showed an increase of NIC>6 availability in excess of 1% during the 4-

Sep sample period versus the 3-Sep sample period. This was unexpected; these aircraft were JetBlue 

(5) and UPS (3) aircraft. These aircraft were further analyzed based on examination of the flight 

tracks and times for these 8 aircraft; it appears that they all transited a “RAIM bump” on 4-Sep that 

they did not encounter on 3-Sep during the satellite slot outage. This is behavior that would be 

consistent with these aircraft being equipped with “SA-unaware” MMRs, based on prior FAA 

collection of ADS-B information. 

 

2.6 Based on this data, for the current GPS satellite constellation, it appears that ADS-B 

systems using SA-aware GPS receivers will generate average NIC>6 operational availability values 

that are roughly equivalent to ADS-B systems using SBAS receivers. It appears clear that ADS-B 

systems using SA-unaware (aka “SA-On”) GPS receivers will deliver average NIC>6 operational 

availability values that most airline operators would find unacceptable once the U.S. ADS-B rule (14 

CFR 91.225 and 14 CFR 91.227) compliance date (1 Jan 2020) has been reached. 

 

3. ACTION BY THE MEETING 

  

3.1 The meeting is invited to: 

 

a) note the information contained in this paper; and 

 

b) discuss any relevant matters as appropriate. 

 

 

_ _ _ _ _ _ _ _ _ _ _ _ _ 
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ATTACHMENT 

 

Aircraft Operational 

Availability NIC>6 

(worst->best) 

Maximum 

Period NIC<7 

Operational 

Availability NACp>7 

(worst->best) 

UPS  [124 aircraft]* 94.39 -> 100.00% 
22 sec (NIC=0)  

[N349UP] 
99.64 -> 100.00% 

US Airways  [14 aircraft]^ 99.94 -> 100.00% 

2min 38sec 

(NIC=6)  

[N273AY] 

99.98 -> 99.99% 

UAT Gulf helicopters  [10 

aircraft] 
99.47 -> 100.00% 

19 sec (NIC=6)  

[N146PH] 
99.86 -> 100.00% 

Embry-Riddle (UAT 

Version 1) [68 aircraft]# 
99.30 -> 100.00% 

3 min 30 sec 

[N716ER] 
99.89 -> 99.99% 

Alaska operators (UAT 

Version 1) [196 aircraft]# 
95.08 -> 100.00% 

2 min 23 sec+ 

[N405GV] 
98.11 -> 99.98% 

Notes: 

*81 aircraft >99% Operational Availability NIC>6, while 41 (of 81) >99.9% Operational Availability NIC>6 

  118 aircraft >99.9% Operational Availability NACp>7 

^one US Airways aircraft is excluded from this data since it had a known GPS receiver problem that was reported to US 

Airways and corrected during this period 

N349UP had an Operational Availability NIC>6 of 99.98% from June 1 – July 31, 2013 

N273AY had an Operational Availability NIC>6 of 99.94% from June 1 – July 31, 2013 

N146PH had an Operational Availability NIC>6 of 99.96% from July 1 – August 31, 2013 

 

#Of Embry-Riddle aircraft, 

63 had >99.9% Operational Availability NIC>6, while 67 had >99.9% Operational Availability NACp>7 

Of Alaska aircraft,  

188 had >99% Operational Availability NIC>6, while 60 (of 188) had >99.9% Operational Availability NIC>6;  

188 had >99% Operational Availability NACp>7, while 20 (of 188) had >99.9% Operational Availability NACp>7 

 

+This data was computed during December 2013, but is viewed as representative since availability statistics for this fleet 

closely matched the Feb12-Aug13 sample. Note also that no correlation was observed between maximum period when 

NIC<7 and the availability of NIC>6; N405GV had NIC>6 availability of 95.581% during the Feb12-Sep13 period and 

NIC>6 availability of 96.646% during Dec13. 

 

For the air transport aircraft (UPS, US Airways, and JetBlue), NACv>0 availabilities were typically similar or 

higher than NACp availabilities, while SIL>2 and SDA>1 availabilities were 99.96-100.00%.  

For the UAT Gulf helicopter fleet, NACv>0 availability was 100.00%, SIL>2 availabilities were 99.90-

100.00%, and SDA>1 availabilities were 99.79-99.98%.  


