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ADS-B Explained For The General Aviation Pilot

« What is ADS-B?

Do I needit as a General Aviation pilot?

Can thisreplacemy subscription for XM weather?
Certifiedinstalled equipment v ortable equipment?
Do | want it as a General Aviation pilot?

When should | do something?
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Collision Avoidance — Pilots

 Pilots have the responsibility t&Ee and Avoid other aircraft at all
times, including when on IFR flights when in VMC

—91.111(a)No person may operate an aircraft so close to another aircraft as treate
a collision hazard

— 91.113(b)When weather conditions permit, regardless of whether an opation is
conducted under instrument flight rules or visual flightrules, vigilance shall be
maintained by each person operating an aircraft so as teee and avoidther aircraft
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Collision Avoidance — ATC

 Air Traffic Control has the responsibility to separ&t& aircraft
from each other in controlled airspace. Primary tools are:
— Radar and/or position reports
— Transponder equipment requirements in selectaesp
— Two way communications with IFR aircraft
— Strict aircraft separation procedures

 Air Traffic Control will provide traffic advisories toFR aircraft on a
“workload permitting” basis (“VFR Flight Following”)
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Collision Avoidance — ATC and Pilots

« “See and Avoid” does not always work - 30 collisions and 75 deaths/
 While the “Big Sky” theory applies, there are practical limtas

— Atmospheric and light conditions 1.0 — Fovea
— Limitations of the human eye (fovea) psp
— Contamination on the windshield 0.6
— Intercept angles .

— Traffic density e

— Blind spots in the aircraft . Ml N

— Pilot (or CFI) workload 60° _ 40°__ 20°10° 0° 10°20° _40°

e Large aircraft have mandatory collision avoidance equipment (TCAS
which provide proximity warnings, or traffic advisories (TAs) and
resolution advisories (RAS)

o Other Traffic Information Systems, both active and derived from ATC
radar data are available to GA pilots (TAS, TIS-A)
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Piper Twin Comanche PA30

eom §: Pooe Aesiaras Toond Y e oowrsary o Firoos biers Srpod Corporssen

02/10/2015 8



Piper Twin Comanche PA30
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KSFZ — North Central State, Pawtucket, Rl 6-6-2008
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What is ADS-B

e Automatic

— Messages are sent out automatically without ioggtion or pilot action
Dependent

— Position and velocity derived from the Global Bosing System (GPS)
Surveillance

— Primary purpose is for ATC location of aircrafghicles, or other assets
Broadcast

— Position data is broadcast to anyone (ATC andg)ilwith appropriate
receiving equipment

ADS-B is part of the FAA NextGen transition framdar based ATC
surveillance and control tatellite based surveillance and control
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Why Is ADS-B Needed?

 Radar in use in various forms since WWI|I

* Due to limitations and cost, radar does not adequately support ATC
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Transponder Operation

December 1964: Mandate for Transponders

AIM 4-1-20 Transponder Operation

a. 3. Civil and military transponders should be turned to the “on” or

normal altitude reporting positigarior to moving on the airport
surfaceto ensure the aircraft is visible to ATC survelllance systems.

In all cases, while in controlled airspace each pilot operating an
aircraft equipped with an operable ATC transponder maintained in
accordance with 14 CFR Section 91.413 must operate the
transponder, including mode C if installed, on the appropriate code
as assigned by ATC.
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ADS-B Terminology

« ADS-B OUT

— Transmission of required position and velocityadabm an aircraft to ATC
ground stations and directly to other aircraft

« ADS-B IN

— Receipt of ADS-B data from other aircraft that&@&®\DS-B OUT and/or from
ADS-B ground stations

— Generally implies some device (MFD or portablegligplay received ADS-B
data

— May include receipt of Traffic (TIS-B) and/or Waat (FIS-B)
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ADS-B OUT Components

— Position source (generally a WAAS GPS receiver)

— ADS-B transmission device
* 1090 ES (Extended Squitter): TSO-C166b (12/2/2009) / RTCA DO-260B
» 978 UAT (Universal Access Transmitter): TSO-C154c (12/2/2009)CARDO-282B

— Transponder (still required)
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ADS-B OUT Components

Position Source must be certified and approved to meet performance
specifications

— AC 20-138C Airworthiness Approval of Position addvigation Systems
ADS-B OUT components must be certified and approved to meet
performance specifications

— AC 20-165A Airworthiness Approval of ADS-B Out 3gms

When installed in certified aircraft, ADS-B out components must be
Included in a STC (Supplemental Type Certificate) for the atrcraf

aircraft may need to be on an AML (Approved Model List) for
Installation or installed by Field Approval process

The ADS-B requirements do not change equipment installation
requirements in E-AB aircraft

No portable device(s) will meet the ADS-B OUT requirements
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ADS-B OUT Components

. 91.225(published 6/30/2010)

— By 1/1/2020Q all US aircraft must comply with ADS-B OUT regaiments in
the following airspace anaust operate in transmit mode at all times
(ground and surface):

» Class B and Class C and above Class B and Class C
« Within 30 nm of Class B
» Class E in 48 states and DC above 10,000, excluding 2,500’ above the surface

» Class E at and above 3,000’ over the Gulf of Mexico and from the iceastlthe US
out to 12nm

» Exceptions for gliders and balloons and any aircraft not originaltificated with an
electrical system

o Aircraft in Class A must transmit on 1090 ES (also the Interational standard)

— Airspace where ADS-B OUT will be required is sianito where
Transponders are currently required
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ADS-B OUT Is Required In Defined US Airspace
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ADS-B OUT Data Fields

e 91.227ADS-B OUT Specifications (transmitted 1/second)

02/10/2015

1.

© 0Nk wbd

11.
12.
13.
14.
15.
16.
17.
18.
19.

Length and width of aircraft

Aircraft’s Latitude and Longitude

Aircraft's Barometric pressure altitude

Aircraft’s velocity

Indication if TCAS Il or ACAS is installed and efating in a mode that can generate RA alerts
If an operable TCAS Il or ACAS is installed, axlication if a RA is in effect

Transponder code

Aircraft call sign, registration number, or TSO-C154c self assigned 24-bit address

Indication if flight crew has identified an emergncy, radio communications failure, or unlawful
interference

Aircraft’'s “IDENT” to ATC

ICAO 24-bit address or TSO-C154c temporary 24thdress
Aircraft emitter category

Indication of whether ADS-B IN capability is ingalled
Aircraft’'s geometric altitude

Navigation Accuracy Category for Position (NAC
Navigation Accuracy Category for Velocity (NAC
Navigation Integrity Category (NIC)

System Design Assurance (SDA)

Source Integrity Level (SIL)
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Expectation of a Future Mandate for ADS-B IN

FAA Modernization and Reform Act of 2012 (February 14, 2012)
Sec. 211 ADS-B
(b) Rulemaking

(1) ADS-B In — Not later than 1 year after the date
of enactment of this Act, the Administrator of the Federal Aviation
Administration shall initiate a rulemaking proceeding to issue guideline
and regulations relating to ADS-B In technology that

(B) subject to paragraph (2), require all
aircraft operating in capacity constrained airspace, at capacity
constrained airports, or in any other airspace deemed appropriate by tf
Administrator to be equipped with ADS-B In technology by 2020...
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ADS-B Advantages Vs Radar

* Improved accuracy (3 meters)

Reduced latency
— ADS-B three dimensional position and velocity reed once per second
— Radar position is once per 5-60 seconds deperaiigoe of radar

More complete data

Improved coverage

— Gulf of Mexico

— Alaska

Allows directaircraft to aircraft position exchange without any
requirement for notification by ATC

— aircraft flying to other aircraft flying

— aircraft on approach exchanging data with airaafground

— aircraft on ground to other aircraft on ground

02/10/2015 21



Boeing 737 First Flight KRNT (Renton WA) 1-10-2014
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ADS-B Traffic Aircraft to Aircraft; Ground to Ground
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ADS-B Aircraft to Aircraft Traffic (Air to Ground Example)

VFR & Traffic
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ADS-B Ground Station Functions

e Receive 978 UAT and 1090ES data from aircraft and forward to ATC
surveillance infrastructure

UAT

1090ES

Non-Equipped

Radio
f Station
- :
Controi -
Station
FIS-B i
Provider

Surveillance of ADS-B equipped aircraft for Air Traffic Control and Aircraft Situational Awareness J
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ADS-B Infrastructure Components

 ADS-B infrastructure in provided to the FAA under contract by Exelis
— 634 ground stations
— 3 major data processing and distribution centers
— 2 network operations centers
— Service delivery point equipment at more than 2TC facilities
« Ground stations range is generally 150nm, but increases with altitude

 Ground infrastructure is fully operational
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Implementation Status
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ADS-B Ground Station Coverage
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ADS-B Ground Station Coverage
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ADS-B Ground Station Function: ADS-R

Retransmit position data taDS-B Out aircraft indicating ADS-B IN from
nearby aircraft (+/-5,000’, 15nm) transmitting &we bther frequency
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Retransmit Between 978 UAT and 1090ES
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ADS-B Ground Station Function: TIS-B

Uplink position data concerning nearby aircraft (+/-3,500’, 15nm)
tracked by legacy radar tedDS-B OUT aircraft indicating ADS-B IN
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T1S-B service for ADS-B OUT and IN equipped aircraft
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Traffic Limitations

* To display traffic, the airplane must have some appropriate ADS-B IN
capabilities (receiver and display device)

— AC 20-172 Airworthiness Approval of ADS-B IN Sysie and Applications

 Aircraft with ADS-B IN can display trafficlirectly received on their
frequency

« Some ADS-B IN devices are dual frequency

e Unless dual frequency ADS-B IN, aircraft will display traffic diet
“other” frequency if and only if they are in range of a suitable ADS-R
ground station and are ADS-B OUT
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Traffic Alert Displayed on an iPad
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Traffic Alert Displayed on Panel Mounted Avionics
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Traffic Alert from Panel Mounted Avionics
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FAA Report of Performance of ADS-B OUT Aircraft Is Available

* Google/Bing Search: “AFS300 ADSB”

 Email to: 9-AWA-AFS-300-ADSB-AvionicsCheck@faa.gov

— N number
— ADS-B OUT equipment
— Position Source

02/10/2015

39



02/10/2015

Traffic Alert Displayed on Panel Mounted Avionics
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ADS-B Configuration Error
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ADS-B Ground Station Functions

Uplink Weather Information (FIS-B) periodically to all receivershout
regard to ADS-B participatiomut only on 978 UAT
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FIS-B limitations

* To display weather, the airplane must have some appropriate ADS-B
IN capabilities (receiver and display device) on 978 UAT

— Receiver might be same device that provides ADSLH

— Receiver might be a certified or portable devied tisplays on external
tablet (WIFI or Bluetooth data link)

« ADS-B OUT is not required!
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How Does FIS-B Compare to XM Weather?

* FIS-B, unlike XM, is generally unavailable on the ground
e FIS-B is Free! XM Aviator is about $55 per month
 FIS-B and XM weather products are different

02/10/2015 44



02/10/2015

FIS-B Weather Products
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FIS-B Compared to XM Weather Products
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FIS-B Compared to Advanced XM Weather Products
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XM view TFRs 7/21/14 KRNT KMFR 9,000’
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FIS-B view TFRs 7/21/14 KRNT KMFR 9,000’

49



02/10/2015

XM view of weather 7/21/14 KMFR KRNT 8,000’
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FIS-B view of weather 7/21/14 KMFR KRNT 8,000’
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FIS-B view of weather 7/21/14 KMFR KRNT 8,000’
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Visual view of weather 7/21/14 KMFR KRNT 8,000’
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FIS-B On a Tablet May Provide Excellent/Usable Information

02/10/2015
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FIS-B On a Tablet May Provide Excellent-Usable Information

02/10/2015

55



FIS-B On a Tablet May Provide Excellent-Usable Information
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FIS-B On a Tablet May Provide Excellent-Usable Information
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FIS-B On a Tablet May Provide Excellent-Usable Information
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FIS-B On a Tablet May Provide Excellent-Usable Information
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Certified ADS-B Out Equipment and Associated ADS-B IN

02/10/2015 FAA Certification data as of November 2014
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Certified ADS-B Out Equipment is Costly...
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Representative Portable ADS-B IN Equipment
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Portable Equipment Caution

Portable equipment will only receive an accurate representatioof
Traffic if the aircraft in which it is carried is ADS-B OUT
compliant!!!

02/10/2015
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Appareo Transponder with Integrated WAAS and ADS-B Out
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What About UAVS?
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ADS-B Explained For The General Aviation Pilot

 What is ADS-B?Significant improvement in surveillance
technology for both ATC and for pilots; Also WX information

* Do I needit as a General Aviation pilot?es, if you need a
transponder; No if you fly below 10,000’ outside B & C airspace

e Can thisreplacemy subscription for XM weather@aybe

» Certifiedinstalled equipment vs portable equipment2riified for
ADS-B OUT, but perhaps use portable as well for ADS-B IN

Do lwant it as a General Aviation pilot?
« \When should | do something?
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Washington DC VFR Sectional
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Aircraft Summary 5-28-2012

%

"

02/10/2015

% + o
0012 34
56 7% 58% "'
3 9
")* : =
0:0<< =:<<< 09:9<<
4
93<< =434
(]

%

68



02/10/2015

TSB Canada Accident Investigation Report
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KCJR to KHWY 8nm
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Piper/Beechcraft Accident Area
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TSB Canada Field Of View Analysis
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TSB Canada Report Quotations

o 1991 report Australian Transport Safety Bureau:

— “Because of its many limitations, the see-and-avoicbncept should not be
expected to fulfil a significant role in future air traffic systems”

e 2005 Research Reportmitations of the See-and-Avoid Concept in
Civil Aviation, Aviation, Space, and Environmental Medigibe. C
Craig Motris:

— “Finally, the see-and-avoid concept misleads piéotd controllers by
encouraging overconfidence in visual scanning widglecting its physical
and behavioral limitations and mitigation strategi&Vhilevisual scanningis
necessary to prevent midair collisions, especlgircraft flying slowly in
close proximity and not yet on collision courséss not sufficient. Potential
mitigation strategies include:

3) reliable altitude-encoding transponders activate at all times in all
aircraft

7) affordable and reliable collision avoidance teatologies in all general
aviation aircraft
02/10/2015 73



TSB Canada Findings

* Neither pilot saw the other aircraft in time to avert a mrczallision,
likely due to the inherent limitations of the see-and-avoid principle

In the absence ofraeans of alerting visual flight rules (VFR) pilots
to potential conflictsto enhance the current see-and avoid technique,

the risk for mid-air collisions remains.
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SeeAndAvoid.org map of NW Collisions & Near Mid-Air Collisions
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SeeAndAvoid.org map of SW Collisions & Near Mid-Air Collisions
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KSFZ — North Central State, Pawtucket, Rl 6-6-2008
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KSFZ Accident Sequence June 6, 2008 1745 EDT

« KSFZ is a non-towered airport

Piper Flying VOR-A approach to circle-to-land RW'%

Weather: IMC OVCO006, calm winds

Class G airspace to 700’AGL then Class E

VOR-A approach has 539’ AGL circling minimums

1741:49 the Twin Comanche cancels IFR and comnse@Gaele To Land

02/10/2015
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KSFZ Circle to Land 15/ Takeoff 5

 Comanche Circle to Land; Beech awaiting Takeoff

N N |
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KSFZ Accident Sequence June 6, 2008 1745 EDT

* Beech “holding for release” at RWY 5 for IFR dejpiae

* No traffic alerting systems available on eithecft

e Approach to RWY 15 not visible from RWY 5 due teds

« 1743 ATC releases the Bonanza for IFR departure

 Bonanza announces takeoff on CTAF (confirmed)

« Comanche announces circling on CTAF (not hear8dsch nor by FBO)
— CTAF 123.075; Perhaps the Comanche is using $23.7

« Beech airborne 6’ off ground collides with Pipeéranway intersection
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KSFZ Circle to Land 15/ Takeoff 5

 Comanche Circle to Land; Beech awaiting Takeoff

5
X

\ Conclusion:

Had either aircraft been equipped with ADS-B In, and the otler
aircraft had ADS-B Out, this accident could have been avoided even
with the errors by ATC and the Comanche pilot COM management
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ADS-B Explained For The General Aviation Pilot

What is ADS-B?Significant improvement in surveillance
technology for both ATC and for pilots; Also WX information

Do | needit as a General Aviation pilot?es, if you need a
transponder; No if you fly below 10,000’ outside B & C airspace

Can thisreplacemy subscription for XM weather@aybe

Certifiedinstalled equipment vs portable equipment2riified for
ADS-B OUT, but perhaps use portable as well for ADS-B IN
Do | want it as a General Aviation pilot?

— Yes, if you fly around traffic and don’t have someother reliable traffic
avoidance system

— No, if you have an active traffic system or don’tlf{y near other traffic
When should | do something?
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When To Install ADS-B OUT (and/or IN)

e The Numbers:
— 230,000 active GA aircraft in the USA
— 150,000 need ADS-B OUT (66%)
— 4,755 complete/validated as of 4/2014 (AEA)
— 145,000 to go; 5 years to go = 29,000 must baliest per year
— 680 AEA avionics shops in the US
— 43 installations required per shop per year; Iwmk per shop!

 Conclusions:
— Free market supply and demand: higher prices @dlide approaches?

— Significant wait times for installation near 12/3019?

— Some aircraft may not be updated by the deadlimaited to flight below
10,000, outside the 30 nm veil of class B, ancsm#t B & C airspace

02/10/2015
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ADS-B Explained For The General Aviation Pilot

What is ADS-B?Significant improvement in surveillance
technology for both ATC and for pilots; Also WX information

Do | needit as a General Aviation pilot?es, if you need a
transponder; No if you fly below 10,000’ outside B & C airspace

Can thisreplacemy subscription for XM weather@aybe

Certifiedinstalled equipment vs portable equipment2riified for
ADS-B OUT, but perhaps use portable as well for ADS-B IN

Do | want it as a General Aviation pilot?

— Yes, if you fly around traffic and don’t have someother reliable traffic
avoidance system

— No, if you have an active traffic system or don’tlfy near other traffic
When should | do something®SAP if you need/want ADS-B
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What Is Wrong With This Picture?

02/10/2015 Palm Spring Convention Center, November 2014 87
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A FAA VIDEO
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Questions?

ATP, Gold Seal CFI-CFI
2014 Nationa
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-ME|I SEL/SES/MEL CSIP
CFIl of the Year

Pilot Examiner

Web: http://FlyWithHoward.com
Email: howard@flywithhoward.com
Cell: 425-761-4729
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