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Introduction:

The 190/CTV 2002 SBS Commissioning Flight Inspection was conducted on September 13-14, 2011. The flight check plan
and procedures were based on the SBS Flight Check Order procedures (draft) contained in FAA Order 8200.1C. The
flight check was flown by the FAA Flight Inspection Office/AVN located at the Mike Monroney Aeronautical Center in

Oklahoma City, OK. This report and analysis was written by Richard Soucy, FAA Tech Center, Kevi
Office, and Air Traffic Specialist input from Steve Jacobs.

Participants:

Don McGough — AVN Flight Check Pilot
Dan Burdette — AVN Flight Check Co-pilot
Rick Baker — AVN Flight Engineer

Mark Perraut — AVN Test Lead

Steve Jacobs — FAA Program Office Air Traffic Specialist
Dave Svedberg — 190 Air Traffic Operations
Shu Ho — FAA Tech Center STARS Autom
Richard Soucy — FAA Tech Center
Kevin Hardina — FAA SBS Pro

Juan Narez — CSA Engineering

ardina, FAA Progam



Meets or Exceeds

Expectations/Reqs
Engineering
Analysis Team

Quick Look Status Houston 190 TRACON Sept 13-14, 2011 Flight Inspection ATC

verified general coverage for both 1090ES and UAT. Avionics configured for low power.

General Coverage
-2 General Coverage for both 1090E5 and UAT as good or better than radar coverage.

. Werified coverage on airways & routes identified in the flight inspection plan. Coverage
Airways/Route Coverage ) i v ¥
supports the established ADS-B performance airways,/routes.

MSAW was verified on Sept 14th at 13:20:37 atan alarm altitude of 1900". The check was
verified on the general terrain monitor (GTM) using the 1090ES target altitude. MSAW was | ¥
also verified on Sept. 13th at 12:10:40 at an alarm altitude of 1500" on the GTR

Modes/Codes The 3/A codes of 0707 and 1200 were verified throughout the flight inspection v v
Hand-off w/ Radar-only Mot tested, only applicable to Service Volumes with adjacent radar-only airspace WA

Fix/Map Accuracy ATC verified position of aircraft target display on ERAM display. v

ADS-R performed within 5 second Update Interval Requirement

Assessment of ADS-R

) ADS-R performed within 1 second Latency Requirement ¥
Services

ADS-R performed within 0.1 Nautical Mile Position Accuracy Requirement

(T S G ETER Gl Engineering analysis team verified ADS-B coverage is comparable to predicted coverage

v
predicted coverage charts charts. In most areas, ADS-B coverage exceeds predicted coverage charts
Update Interval Both 1090ES and UAT exceeded 6 second (@ 95% En Route Update Interval Requirement. v
(Probability of Detection) Averaged 1 second update interval
Lat Both 1090E5 and UAT exceeded 700ms Latency Requirement. Average 130ms for 1090ES v
ate
e and 200ms for UAT
Validation 99%+ of ADS-B reports declared Valid by ITT system ¥
Position/Veloci
v ity ADS-B performed within 0.05 Natical Mile (303 ft) Position Accuracy Requirement v
Accuracy
MNIC and NACp Both 1090E5 and UAT exceeded NIC =7 and NACp = 8 requirements v
Mo errcnecus altitude values noted by ATC on ERAM.
Altitude Anomalies i i ) i v . ) v v
Mo erroneous barometric altitude or geometric altitude found by engineering team
-
IeNt Check Results Summary
Air Traffic servations:
The following no serving the flight check testing in the 190 TRACON. The observations were made

determine if the dual link configuration was acceptable. The dual link test was
the flight check was all flown in the dual link configuration.

2) The Flight Inspection took just less than 1.5 calendar days with no weather or maintenance issues.

3) Special interest was paid to the College Station area (CLL) for ADS-B coverage. RADAR coverage in this
area is spotty and there is a RADAR hole on the final approach to Runway 16. ADS-B (Both UAT and



1090ES) targets were maintained throughout the approach to Runway 16 all the way to 300’-400" MSL
during the Flight Check aircrafts 50’ low approach and throughout the climb out.

4) Houston TRACON personnel were very pleased with the ADS-B coverage and the advantages that the
STARS FUSION tracker provides.

5) Data recording of ADS-R was completed by using the dual link configuration.

6) The radio station test targets were enabled by contacting the National Opera

7) The radio station names identified on the STARS display need to be coor
NOC did not have the STARS radio station list at the time of the fligh
readily identify which radio station was being referenced by th

ck

co

SBS Radio Stations and CTV for 190:

The following table lists the SBS ground stations which provide data to 90 TRACON. The table lists the radio stations

STARS short names, location ID, latitude and longitude a

STARS RS

Short \\&m Locatlon
\ LB\\‘\ 179-02 13

Latitude

Longitude

29° 06’ 34.884”N | 95° 27’ 33.876"W

~u) :
S NNI ‘ 179-03 14 29° 34’ 07.608"N | 94° 23’ 36.203"W
A\ 162-03 329 29°42 09.179"N | 96° 54’ 02.844"W
162-04 330 28° 50’ 44.051”N | 96° 55’ 13.367"W
162-05 331 31°12° 11.412"N | 97° 03’ 04.248"W
GTOWN 162-03 335 30° 35 12.420"N | 97° 40’ 56.040"W
162-13 339 30° 14’ 06.540"N | 95° 27’ 57.528"W

CONRO



162-14

LAKCH 340 30° 23" 56.867"N | 93° 14’ 01.212"W

ORG 162-16 342 30° 04’ 13.511”N | 93° 47’ 42.648"W

WTNY 286-01 352 31°5734.220’N | 97° 18’ 19.800"W

MARCO 135-01 353 29° 53’ 20.372"N 97\' 55.810"W
y -

Data Analysis:

For the flight series, AVN Flight Check aircraft N56 flew in dual configuration
UAT(a) transceiver. For 1090ES(b), N56 (ICAO A72490 hex) was the ADS-B Cl
was the ADS-B Client.

b) transponder and
A72491 hex)

For ADS-R, the only usable configuration was for N56U (A72491) as t ] 56 (A72490) as the ADS-R
Traffic. There was no data available for the reverse configuration where Id be the ADS-B Client and
N56U, UAT(a) would have been the ADS-R traffic.

Data Analysis Filtering:

Before running the various data analysis p data is filtered in order to filter out any

unwanted messages. For example, b e files, there is also Houston Enroute (CTVID 1001)
data which needs to be ignored by th is. i t of data filters that should be used when running the
various CDAT/SAT analysis programs:

- CTVID number

ASTERIX Versi

The following parameters define the pass/fail values as defined in the FAA ADS-B Out Final Rule. These values reflect the
parameters as defined in RTCA DO-260B and DO-282B.

- Navigation Accuracy Category (NAC,): 2 8 (8 = EPU < 92.6 m (0.05 Nautical Miles))

- Navigation Integrity Category (NIC): 2 7 (7 = Rc < 370.4 m (0.2 Nautical Miles))



- System Integrity Level (SIL): 3 (1x10” Probability of Exceeding the NIC containment radius R.)
- Validation: 3 = valid

- Update Interval (Terminal Airspace): not to exceed 3 seconds

- Latency: £700ms

- Positional Accuracy (Terminal Airspace): < 92.6m/303.8’/0.05nm

- System Design Assurance (SDA): 2 or 3 (< 1x10°/< 1x107)

Update Interval:

Update Interval is a measurement of the time a message takes to go from ori
mathematically determining the time difference between Time of Messag
squitted message) to the Time of Message Reception or TOMR for ea
SDP. The requirements for Terminal Airspace for ADS-B Update Inte
Airspace for ADS-R Update Interval is 5 seconds.

mp on the
ft and received by the
requirements for Terminal

Latency:

and the generation of an ADS-R Ack-Nack
technology link. That is, when an AD
ADS-R message is generated. The sa AT message is received and a 1090ES ADS-R message is
generated. The requirement for ADS-B i 00 ms (milliseconds). The requirement for ADS-R Latency is < 1000

e horizontal GPS position data broadcast by the aircraft is within specific

ined by comparing the airborne data or the SDP data for the specific flight to the GPS
ircraft. The requirement for ADS-B Positional Accuracy for Terminal Airspace is 303.8
irement for ADS-R Positional Accuracy for Terminal Airspace is 607.6 feet (0.1 nautical

There is no prov in place at this time to convert the Ashtech Pro-Flex GPS data to a useful format for the purposes
of data analysis so the NMEA data for 14 September was used. The below shows the results for the Horizontal Positional
Accuracy for the UAT(a) link for both ADS-R and ADS-B analysis as well as the 1090ES(b) SDP reported accuracy. In all
cases, the Horizontal Positional Accuracy was within limits.



Validation:

The ADS-B service performs a reasonableness test, or validation, of reported ADS-B position data in some Service
Volumes (SVs) and Composite Traffic Volumes (CTVs). The reporting criteria for ADS-B Validation for both 1090ES(b) and
UAT(a) as provided in the ADS-B Category 33 message are:

0 = Validation unknown

1 = Validation determined to be invalid
2 = Reserved

3 =Valid

Navigational Accuracy Category for Position (NACp):

The Navigational Accuracy Category for Position (NACp) is reported so th ions may determine
whether the reported position has an acceptable level of accuracy fo Position Uncertainty
(EPU) is a 95% accuracy on horizontal position. The values for ADS-B N2 (b) and UAT(a) are:

0=EPU 2 18.52 km (10 Nautical Miles)
1 =EPU < 18.52 km (10 Nautical Miles)
2 = EPU < 7.408 km (4 Nautical Miles)
3 = EPU < 3.704 km (2 Nautical Miles)
4 = EPU < 1852 m (1 Nautical Mil
5=EPU <926 m (0.5 Nautical-Miles)

8 =EPU<92.6 m (0.
9=EPU<30m

.04 km (20 Nautical Miles)
14.816 km (8 Nautical Miles)
€ < 7.408 km (4 Nautical Miles)
4 = Rc < 3.704 km (2 Nautical Miles)
5 =Rc <1852 m (1 Nautical Mile)

6 =Rc<1111.2 m (0.6 Nautical Miles)
7 = Rc < 370.4 m (0.2 Nautical Miles)
8 = Rc < 185.2 m (0.1 Nautical Miles)
9=Rc<75m



10=Rc<25m
11=Rc<7.5m

The following table gives a summary of the values for the various accuracy and integrity parameters along with the
passing values for each.

\
N



Accuracy and Integrity Parameters for Aircraft

NIC Encoding®

Radius of

Accuracy and Integrity Parameters for Aircraft

NAC; Encoding

Horizontal Accuracy Bound

Other Encodings

NAC, - Horizontal Velocity

Rc< 0.6 nm(1111.2 m)

X

e Containment (Rc) (Est Position Uncertainty) e Error
Rc unknown EPU > 18.52 km (=10 nm) 0 > 10 m/s or Unknown
1 Rc <20 nm (37.04 km) EPU < 18.52 km (10 nm) 1 <10 m/s
2 Rc < 8 nm (14.82 km) EPU < 7.41 km (4 nm) 2 <3m/s
3 Rc<4 nm (7.41 km) EPU<3.71 (2 nm) 3 <1m/s
4 Rc <2 nm (3.70 km) EPU <1852 m (1 nm 4 <0.3m/s
5 Rc<1nm (1852 m) EPU <926 m (0 Valu | SIL- Probability 0;‘ Exceeding NIC
e Rc

62 Rc < 0.5 nm (926 m)

EPU < 555.6 m (0.

e

> 1x10° or Unknown

Rc < 0.3 nm (555.6 m) X 1 <1x10?
7 Rc< 0.2 nm (370.4 m) 185.2 m (0.1 nm) 2 <1x10”
8 Rc< 0.1 nm (185.2 m) EPU < 92.6 m (0.05 nm) 3 < 1x107
9 Re<75m EPU<30m Valu SDA - System Design Assurance
10 Rc<25m EPU<10m e (per flight hour)
11 Rc<7.5m EPU<3 m 0 > 1x10™ or Unknown
12 Reserved 1 < 1x10°
13 Reserved Reserved 2 < 1x10°
14 Reserved Reserved 3 <1x107
Reserved Reserved valu SILsypp - SIL Supplement Code®
Legend - Acceptable Values 3
Aircraft Acceptable 1 Based on per sample

! Reference RTCA Inc., Document DO-260B for all information on this page
2 R for this NIC value is dependent on the NIC Supplement Codes A and B: if 1/1 Rc < 0.6, if 0/0 Rc < 0.5, and if 0/1 Rc < 0.3
® per hour or per sample determined by the SIL Supplement Code: 0 = per hour basis, 1 = per sample basis
* Defines whether the reported SIL probability is based on a per hour basis or a per sample basis

Based on per hour




ADS-B (Automatic Dependent Surveillance - Broadcast) Analysis:

ADS-B broadcast originates at an aircraft equipped with either a 1090ES transponder or a UAT tra
equipment broadcasts the horizontal and vertical position (and other information) to other simila
within the coverage volume defined above, and to the local ground station(s) infrastructure
forwarded to Air Traffic Control.

quipped aircraft
processed and

For the flight series, AVN Flight Check aircraft N56 flew in dual configuration mode wi ) equipage.
The following analysis was performed on the SDP data for ADS-B. This included bot
N56U (A72491) was the UAT(a) ADS-B Client and N56 (A72490) was the UAT(

There are seven segments to this analysis as follows:
- 1090ES(b) Latency
- 1090ES(b) Update Interval
- UAT(a) Latency
- UAT(a) Update Interval
- ADS-B Validation, NACp and NIC (FRN6)
- 1090ES(b) Positional Accuracy
- UAT(a) Positional Accuracy

ADS-B 1090ES(b) Latency:

1-90 FC
12 - 14 September 2011
ADS-B 1090ES(b) Latency

45000
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ADS-B Latency in Miliseconds
Max Limit = 700 miliseconds)

ADS-B 1090ES(b) Latency

Average Latency 136.49761
Minimum Latency 120
Maximum Latency 500




ADS-B Update Interval:

ADS-B UAT(a) Update Interval:

1-90 FC
12 - 14 September 2011
ADS-B UAT(a) Update Interval
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o o o o o
~N = WO o O
[ I A o I N 0]

600
800
0]
200
0]

0]

0]
2000
3200
3400
3600
3800
4000

ADS-B Update Interval in miliseconds.
Max limits = 3 seconds (3000 miliseconds)
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illiseconds 1003.697
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ADS-B Validation, NACp and NIC (FRN6):

1090ES(b) Validation:

1-90 FC
12 - 14 September 2011
ADS-B 1090ES(b) Validation (FRN-6)

35000

30000

25000

= [}
wu o
o o
o o
o o

Number of Reports

10000

5000

0 L —
0] 1 2 3

ADS-B 1090ES(b) Validation (FRN-6)
0 = Status Unknown 1 = Status Invalid 2 = Reserved 3 = Status Valid

w (b) Validation (FRN6)




1090ES(b) NIC:

1-90 FC
12 - 14 September 2011
ADS-B 1090ES(b) NIC (FRN-6)
40000
35000
g 30000
E 25000
5 20000
é 15000
2 10000
5000
0 \ 4
0 1 2 3 4 5 6 7 8 9 10 11
ADS-B 1090ES(b) NIC (FRN-6)
Minimum Requirement=>7
AD 109055@
1090ES(b) NACp:
1-90 FC
12 - 14 September 2011
ADS-B 1090ES(b) NACp (FRN-6)
25000
20000
£ 15000
é 10000
5000
0 \ 4
0 1 2 3 4 5 6 7 8 9 10 11
ADS-B 1090ES(b) NACp (FRN-6)
Minimum Requirement=> 8




ADS-B 1090ES(b) NACp (FRN6)

ADS-B Positional Accuracy:

ADS-B 1090ES(b) SDP Positional Accuracy:

1-90 FC
14 September 2011
N56U UAT(a) Client
1090ES(b) ADS-B SDP Positional Accuracy

0 20 40 60 80 100120 140160 180 200 220 240 260 280 300 320 340 360 380 400

ADS-B SDP Positional Accuracyin Feet
Max limits = 303.8 Feet (0.5 NMi)

‘ vﬂmw) SDP Positional Accuracy



ADS-R (Automatic Dependent Surveillance - Re-broadcast)Analysis:

The ADS-R broadcast is generated by a ground station. ADS-R is a special case that involves two separate aircraft
operating on separate links, that is, one aircraft is operating with 1090ES while the other aircraft is operating with UAT
(or in the case of this test, a single aircraft with dual link technology). In order to have ADS-R functionality, both aircraft,
the client and the traffic, must be within the operating area of the client aircraft ( the operating area as defined as a
cylinder that is 17NMi radius and +/- 3500 feet altitude with the client in the center of the cylinder). Because of the
nature of ADS-R, aircraft are both client and traffic on the opposite, dissimilar, link as both a eceive the ADS-R
broadcast based on the ADS-B squitter transmission from both links.

data available for the reverse configuration where N56, 1090ES(b) would be th
N56 (A72490) was the UAT(a) ADS-B Client.

There are four segments to this ADS-R analysis. They are:

1090ES(b) -> UAT(a) Update Interval
1090ES(b) -> UAT(a) Latency
1090ES(b) -> UAT(a) Positional Accuracy




ADS-R Update Interval:

1-90 FC
12 - 14 September2011
18000 ADS-R UAT(a) Update Interval
16000
14000
£ 12000
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o
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ADS-R(a) Update Interval in miliseconds.
Max limits = 5 seconds (5000 miliseconds)

Average Update Interval in Milliseco
Minimum Update Interval in Milliseco
Maximum Update Interval i i

The data analysis indi erval was within the requirement limits of 5 Seconds (5000

milliseconds).



ADS-R Latency:

Number of Reports

25000

20000

15000
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1-90 FC
12 - 14 September 2011
ADS-R UAT(a) Latency
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ADS-R(a) Latency in Miliseconds
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-R UAT(a)!tency
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The data analysi




ADS-R Horizontal Positional Accuracy:

1-90 FC
14 September 2011
N56U UAT(a) Client N56 1090ES(b) Traffic
UAT ADS-R Positional Accuracy

7000

6000
g 5000
o
E 4000
(=]
S 3000
£
€ 2000
= 1000

o L LHHIL.
L L L L L PL LSS S 4§D‘§P~§§i¢§b§§9
ADS-R Positional Accuracyin Feet
Max limits = 607.6 Feet (0.1 NMi)
R Ho ntzw Accuracy
Modes and Codes:
The 3/A codes of 0707 and 120 ifi out the flight inspection.

coverages of the ous 190 airspace airports, airways and other fixes. The geometric altitude graph uses the 1090ES
CAT33 messages. Any significant differences of the UAT compared to the 1090ES are identified as such. There were a
couple areas where the 1090ES target was lost while the UAT targets were maintained. These areas are outlined in the
following section called “Analysis of Lost Coverage Areas”. The “green” track plots are the 1090ES plots while the “red”

track plots are the UAT. The “blue” line depicts the CTV boundary.



Coverage: Ellington Field (KEFD) Departure

- Link: 1090ES; UAT

- Initial NAC,: 10

- Initial NIC: 10

- Initial SIL: 3

- Validation = 3 acquired at 275’
- Loss of Coverage Areas: none
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Coverage: HUB Airport to SKUBA to PSX VOR along V20

- Link: 1090ES; UAT

- Initial NAC,: 10

- Initial NIC: 10

- Initial SIL: 3

- Validation=3

- Loss of Coverage Areas: none
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Analysis of Lost Coverage Areas/Predicted Coverage Plots:

The following plots show various areas where either one or both of the links had a loss of coverage. The analysis will
provide the best possible explanation for the loss of coverage. However, sometimes an absolutely definitive answer
cannot be provided but rather a probable cause will be provided. As part of the analysis of the loss of coverage, the
coverage prediction charts were used to evaluate the actual coverage. The predicted coverage correlates as well as can
be expected to the actual loss of target reports.

1) The following diagram depicts an area where the FC aircraft exited/entered the CTV: track was lost as the
aircraft exited the CTV and re-acquired as the aircraft entered the CTV.




2)

The following diagram depicts the loss of coverage as the FC aircraft made approaches/departures into the KEFD
and HOU airports. Refer to the “Data Analysis” section previously shown in document for exact altitudes. The

loss of coverage at these airports is due to the line of sight issues from terrain, obstructions/buildings and earth
curvature.




3) The following loss of coverage is a result of the target being on the coverage fringe based on terrain/earth
curvature. As the aircraft descended from 3000’ down to 1500’ coverage was lost on the 1090ES while being
maintained on the UAT. The ADS-B predicted coverage plot shows that the area of coverage loss is right at the
extent of the 1500’ area. A possible explanation for the loss of 1090ES while maintaining the UAT is that the UAT
receiver downlink margin/sensitivity is significantly higher better than that of the 1090ES.
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Radar Comparison to ADS-B:

(For future use.)

TIS-B Analysis:

(For future use.)

Conclusion:

The 190/CTVID 2002 Flight Check conducted on September 13"-14" 2 dere ry satisfactory and met or
exceeded expectations in all locations.
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