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The most important thing to remember:

It's more complicated than that!

Many of the things you are told about ADS-B are "simplified" to make
it "understandable." But the simplification often makes it wrong.

!!!

Big Disclaimer

Some of what I present is very factual.
from the material available to me.

!!!
And some is what I have deduced

- The material on transponders, particularly Mode S, is readily available.
- ADS-B information is not so available. Particularly for the use of the
1090 MHz band. It has been prepared mostly by:
RTCA - Radio Technical Commission for Aeronautics
- Founded in 1935, re-incorporated in 1991 as a not-for-profit corporation.
- Volunteer group with international participation.
- FAA actually makes the regulations. You would think that regulations
would be available (perhaps on-line) at no charge.
- FAA basically says, "Use documents XXX, YYY, etc. from the RTCA."
- RCTA wants you to pay for them, about $800 (each).
- Fortunately, I was able to find some earlier documents on-line, and some
places where those involved wrote up what they did.
- Some early documents may not be completely accurate, but they most likely
give a reasonable description of the systems.
- Some is available from the FAA (if you can find it).
- Wikipedia had some information - including some good references.
- Item in one document may contradict an item in another document, or even in
the same document. There is some ambiguity.
- Documents are often quite long - several hundred pages...
---------------------------------------------------------------------------- Illustrations/Diagrams from FAA (freely copy) and public domain.
- Does not apply to experimental aircraft.

Recent new regulations.

- Skip over some information about waveforms, etc. in the packets.
See me later if you want a little more information.

Things people say about ADS-B which are wrong.
Remember the most important thing:

It's more complicated than that!

- You must have a WAAS GPS.
- Does not have to be a WAAS unit. I saw WAAS in only one document. And
it said "... GPS (preferably WAAS)."
- Opinion: Most, if not all, WAAS GPS units meet all the requirements. Not
likely to find any implementations with a non-WAAS GPS.
- ADS-B Out broadcasts your location continuously.
- Would be like two people pushing the mike button at the same time.
Can not understand either one.
- "frequently" is more accurate. The rate varies.
- When a plane with ADS-B out gets ADS-B data from another plane, it
repeats it.
- Never saw anything indicating this.
- Makes no sense. The whole idea is to keep the radio traffic low to keep
data collisions low. (More later.)
- Transmitted data is usable 90-100 nm away, farther than needed.
- Would be "many" retransmissions.
- The ground station repeats all the ADS-B messages it receives.
- More complicated ... later.
- Each plane with ADS-B out effectively has a 30 nm by +/-3500 foot
"hockey puck" with the plane at the center. The ground station will
send this plane a "custom" report of the locations of all the known
targets in this hockey puck.
- More complicated ... later.
- ADS-B never "sends to" a plane. The correct terminology is "schedule for
broadcast."
- Confusion may arise from Mode S TIS (or TIS-A) service which does send (a
custom report) to a specific transponder. (In the sense that all other
transponders will ignore this message.)
- If you are equipped with ADS-B OUT on one frequency, then you will
receive ADS-R ("rebroadcast") and TIS-B (radar data) on this frequency.
- More complicated ... later.
- If every plane had ADS-B Out and In:
- We could see (on iPad ...) all the traffic around us.
- We would not need ATC to separate planes.

International Considerations.
- The rest of the presentation deals with the United States, mostly the
continental United States (CONUS). I.e., the "lower 48."
- The international standard is the Mode S transponder version, i.e.,
TSO-C166b which operates on 1090 MHz (and 1030 MHz).
- The US is the only country which allows the UAT version on 978 MHz.
- The main reason for using the UAT in the US is that we have many more planes
than any other country. Putting all our planes on the 1090 MHz frequency
would probably "saturate" it - making it unusable for anything.
- High altitude guys (not too many of these) and international on 1090 MHz.
- Rest on the UAT.

(Can have a "better" design.)

- If you plan to fly internationally, you should get the 1090 MHz version.
- Do I need ADS-B in XXX country? Best to Google it shortly before you go.
It depends on whether XXX has a mandate for ADS-B.
- Canada - lots of "empty" space.
- Trying a low earth orbit satellite based system.
- Requires the antenna be on the top of the plane.
- For US and Canada, probably need diversity (antenna top and bottom).
- Not mandated yet, but having it may give better services...

Where Do You Really Need ADS-B Out?
[ Square brackets for my comments. Copied from FARs. Rearranged to indent and
show subsections. Makes things more understandable. Took out dates, etc.]
Section:91.225

Automatic Dependent Surveillance-Broadcast (ADS-B) Out
equipment and use.

(a) No person may operate an aircraft in Class A airspace unless the aircraft
has equipment installed that:
(1) Meets the performance requirements in TSO-C166b, ADS-B and TIS-B
Equipment Operating on the Radio Frequency of 1090 MHz.
[1090ES] [ Foreign flights. ]
(b) No person may operate an aircraft below 18,000 feet MSL and in airspace
described in paragraph (d) of this section unless the aircraft has
equipment installed that:
(1) Meets the performance requirements in:
(i) TSO-C166b [1090ES]; or
(ii) TSO-C154c, UAT ADS-B Equipment Operating on 978 MHz.
(d) No person may operate an aircraft in the following airspace unless the
aircraft has equipment installed that meets the requirements in paragraph
(b) of this section:
(1) Class B and Class C airspace areas;
(2) Except as provided for in paragraph (e) [no electrical system] of this
section, within 30 nautical miles of an airport listed in appendix D,
section 1 to this part from the surface upward to 10,000 feet MSL;
[ 30 nm "ring" for Mode C and Class B airports ]
(3) Above the ceiling and within the lateral boundaries of a Class B or C
airspace area designated for an airport upward to 10,000 feet MSL;
(4) Except as provided in paragraph (e) of this section, Class E airspace
within the 48 contiguous states and the District of Columbia at and
above 10,000 feet MSL, excluding the airspace at and below 2,500 feet
above the surface; and
(5) Class E airspace at and above 3,000 feet MSL over the Gulf of Mexico
from the coastline of the United States out to 12 nautical miles.
[ Below Class C shelf. Class B with no ring. Western Class G to 14,500 ft. ]
(f) Each person operating an aircraft equipped with ADS-B Out must operate this
equipment in the transmit mode at all times.
[ Even on the ground. Maybe not in non-movement area. ]

Section:91.227

Automatic Dependent Surveillance-Broadcast (ADS-B) Out
equipment performance requirements.

(a) Definitions. For the purposes of this section:
[ Combined (a) and (c): ADS-B Out Performance Requirements ]
- ADS-B Out is a function of an aircraft's onboard avionics that
periodically broadcasts the aircraft's state vector (3-dimensional
position and 3-dimensional velocity) and other required information.
[ PVT, 2-dimensional? - latitude/longitude plus other stuff ]
- Navigation Accuracy Category for Position (NACP) specifies the accuracy
of a reported aircraft's position
(i) The aircraft's NACP must be less than 0.05 nautical miles;
- Navigation Accuracy Category for Velocity (NACV) specifies the accuracy
of a reported aircraft's velocity
(ii) The aircraft's NACV must be less than 10 meters per second;
- Navigation Integrity Category (NIC) specifies an integrity containment
radius around an aircraft's reported position
(iii) The aircraft's NIC must be less than 0.2 nautical miles;
- [ Other stuff ]
- Changes in these must be broadcast within 10 or 12 seconds.
(e) ADS-B Latency Requirements(1) The aircraft must transmit its geometric position no later than 2.0
seconds from the time of measurement to the time of transmission.
(2) [ Other stuff ]
(3) The aircraft must transmit its position and velocity at least once per
second while airborne or while moving on the airport surface.
(4) The aircraft must transmit its position at least once every 5 seconds
while stationary on the airport surface.

(d) Minimum Broadcast Message Element Set for ADS-B Out. Each aircraft must
broadcast the following.
(1) The length and width of the aircraft;
(2) Aircraft's latitude and longitude;
(3) Aircraft's barometric pressure altitude;
(4) Aircraft's velocity;
(5) If TCAS II or ACAS is installed and operating in a mode that can
generate resolution advisory alerts;
(6) If an operable TCAS II or ACAS is installed, an indication if a
resolution advisory is in effect;
===

Pilot Entered:
(7) The Mode A transponder code specified by ATC;
[ Garmin talks about entering the squawk code into the transponder and
UAT. My impression is that it must be entered only once. The UAT and
transponder must communicate this information. Garmin has some patents
to make this happen. ]
(8) The aircraft's call sign that is submitted on the flight plan, or the
aircraft's registration number, except when the pilot has not filed a
flight plan, has not requested ATC services, and is using a UAT
temporary 24-bit address;
[ Big Brother Is Watching! (For 1090ES.) ]
[ Normally the tail number is in the message. This can be suppressed
(with either a UAT or transponder). It can be modified, e.g., for an
Angel Flight.
Talk with installer/mfg before buying a unit. Verify it can be set up
the way you want. E.g., never use my tail number unless I specifically
enter it. (As you would for flight following.) Get the manuals (online).
- Garmin - several options
- aVioni, end of wing. "Existing wires for pwr, etc." Set up on power up
by accessing aircraft registration information. ??? Must have something
"inside" for pilot to configure tail number, etc.]
(9) If the flightcrew has identified an emergency, radio communication
failure, or unlawful interference;

===

(10) An indication of the aircraft's "IDENT" to ATC;
End Pilot Entered
(11) The aircraft assigned ICAO 24-bit address, except when the pilot has
not filed a flight plan, has not requested ATC services, and is using
a UAT self-assigned temporary 24-bit address;
(12) The aircraft's emitter category;
[ Light airplane (<15,500 lbs), Small airplane (>=15,500lbs and
<75,000lbs), ..., Highly maneuverable (>5G and >400 TAS), Rotorcraft,
Glider/Sailplane, Lighter than air, UAV, Ultralight. ]
(13) An indication of whether an ADS-B In capability is installed;
[ For each frequency. ]
(14) The aircraft's geometric altitude;
[ GPS altitude. Not always "accurate." ]
[ Other accuracy stuff ]

History:
- Depends on what "history" you read and believe.
- If we started with "a clean sheet of paper," we would not have this
system design.
- This grew out of several things:
- Desire for "Automated ATC" - from mid 1970s.
- Some work in the early 1990s - centered around Mode S
- FAA Safe Flight 21 (1998)
- Capstone Project in Alaska
- Many considerations...
- Cost
- Using what we already have.
- Not "destroying" existing technology features, e.g. TCAS, Transponders.
- Ability to add features in the future.
- Replacing the aging Radar systems (but not all of them)
- Technology is limited by the collisions. Too many collisions will keep it
from working.
- Data collisions!
NOT aircraft collisions.
- Similar to two people keying the mike at the same time.
- Use two frequencies: UAT on 978 MHz, "transponder" on 1090/1030 MHz.
- Might expect half the traffic on each frequency, but ...
- Weather, NOTAMs, etc. on 978MHz - avoid this on 1090 MHz.
- Solves some issues, not sure about "all". And more complicated.
- Hopefully probability and statistics experts have fully evaluated this.
- The one area mentioned specifically is the Los Angeles Basin. Some think
it will not work there because there are too many planes in the air.
- There is a specification for how the system will be degraded if there are
too many (ADS-R and TIS-B) messages. "Degradation" is better than "crash."
Of course, then you will not "see" all the other planes...
- FAA is not "buying" this system.
- Primary contract to ITT to provide these services, including the equipment.
- ITT Corporation - Founded 1920 as International Telephone & Telegraph
- Became a huge conglomerate in the 1960s. Then divested...
- 1996 - spin off and name change to ITT Industries, defense contractor.
- 2006 - change name to ITT Corporation.
- No charge (to us) for these services.
- Possibly some future services could be "subscription w/ payment."

The Jargon
========================================================================
SBSS - Surveillance and Broadcast System Services
All the radar services, etc. Now includes ADS-B.
ADS-B - Automated Dependent Surveillance - Broadcast
Automated: It happens automatically. The pilot does not have to "do"
anything. (Other that perhaps turn it on.)
Probably: No interrogation necessary.
Dependent: It depends on some other equipment to provide the data to
transmitted.
Some: Depends on all other aircraft having this technology.
Surveillance: In the sense of tracking aircraft for ATC, etc.
Broadcast: It broadcasts the appropriate data (frequently).
Without interrogation.
ADS-R - ADS-B Rebroadcast
978 MHz data selectively (re)broadcast on 1090 MHz and vice-versa.
TIS-B - Traffic Information Services (Broadcast)
Data from Radar, etc. Broadcast selectively on one or both frequencies.
FIS-B - Flight Information Services, on 978 MHz.
Is free(sort of)

Weather, NOTAMs, etc.

UAT - Universal Access Transceiver (978 MHz).
ATCRBS - Air Traffic Control Radar Beacon System

(Primary and Secondary)

RADAR - sometimes Radar - Radio Detection and Ranging
- Primary Radar - 2.7-3.0 GHz, pulse bounces off airplane (or fence)
- Secondary Radar
- Actually SSR: Secondary Surveillance Radar (1030 and 1090 Mz)
- SSR has many variations. Old ones, newer ones, various antennas.
- Separate (ground) transmit and receive antennas, or combined.
- Omnidirectional receive antenna.
- Attached to primary rotating antenna or separate.
... comments generic
- Some systems "speak" Mode S, usually at large airports.
IC - Interrogator code - identifies each Mode S "ground sensor"
Mode S - Mode Select (type of transponder, vs. Mode A and Mode C)
- Can be "updated" for ADS-B OUT. (1090ES)
TSO - Technical Standard Order - Minimum performance standard for materials,
parts, ...
Not permission to install.
STC - Supplemental Type Certificate - Approval to modify an aircraft

Required Data Source - The "Dependent" part.
- The ADS-B OUT equipment depends on the data being provided by some source.
- Pressure altitude (air pressure) from static system/encoder.
- Position, velocity, etc. source must be from GNSS (GPS for us).
- The GPS source is not part of the ADS-B equipment. But it can be in the
same unit. I.e., the ADS-B unit can use an external GPS or an internal GPS.
- Note that "basically" the ADS-B equipment in the plane "does nothing"
with the data.
- OUT - Gathers data, formats it, and transmits it.
- IN - Receives data, possibly "corrects" it, and passes it to something (an
App)

What Does It Take to Install One Of These?
- Basically an STC (Suplemental Type Certificate) is required.
- A field approval is possible, but not very practical.
- Some have asked about a portable "out" unit. But it would have to
have access to electronics in the plane, etc. Unlikely the FAA would
permit this. This is specifically prohibited in at least one FAA document.

Radar Antenna(s)
- Typically the antenna is switched between transmit and receive.
- The signal strength shown applies to both transmit and receive.
- "Stop the antenna and walk around it with a field strength meter."
Plot the data showing relative strength of the signal.
- Looking down on the system.

Really is 3-D.

- Primary lobe - out the front of the antenna
- There are always side lobes.
- We want the transponder to respond only when it is "in" the primary lobe.
- The second pulse is used to control this (a couple of ways). P2 is
smaller than P1 in the primary lobe, and bigger everywhere else.
- This does not solve all the problems. E.g., another radar could hit plane B
causing it to reply. That reply would also come back to our antenna...
... Data collision.
- Also get collisions if two planes are in the primary lobe and about the
same slant distance from the radar antenna.

Transponders - Mode A, C, and S - History ... Evolution
- The SSR sends an "Interrogation," and the transponder sends a "Reply."
- Early transponders were "all hardware."

(I.e., no software available.)

- Digits 0-7 only on each dial.
Switch can easily "encode" the 3 bit binary for the number.
The 3 bits are "fully used."
If 0-9, another bit required - used only for 8 and 9 - unless hex.
- Four dials
- 4096 possible codes. Never need more than that!
- Uses a total of 12 bits to be transmitted back to the SSR.
- Mode A transponder does this:
- Receives a Mode A interrogation pulse sequence on 1030 MHz.
- Transmits the reply (the switch settings - squawk code) on 1090 MHz.
- Mode C and S transponders do what Mode A does and:
- Receives a Mode C interrogation.
Transmits the encoded altitude back on 1090MHz.
- This shows the interrogation pulse sequence (on 1030 MHz - from the ground)
and the reply (on 1090 MHz from the transponder).

Mode S

-

Adding it to Mode A and C

- Computer and software now available in small package.
- Evolutionary upgrade to the third generation ATCRBS.
- Major factors in the design of Mode S signal formats:
- Electromagnetic compatibility with the ATCRBS to allow both systems to
operate together during the transition from ATCRBS to Mode S.
- Minimization of transponder cost to speed the transition
from ATCRBS to Mode S.
- Error control techniques for Mode S uplinks (to transponder) and downlinks.
- Signal coding would significantly reduce the probability of receiving
incorrect messages and the need for re-transmissions.
- Use CRC (Cyclic Redundancy Check) to detect errors (uplink) and
fix (some) errors (downlink).
- Errors are due to many things.

Some can be corrected, and some not.

- Noise, fading of the signal, ATCRBS interrogations, TACAN channels near or
harmonically related to 1030/1090 MHz, ...
- Dominant is ATCRBS interference.

Mode S - Each Mode S transponder has a unique 24 bit digital identification (ID)
built into it. This is unique in the world. Each country has an allocation
of available IDs.
- 16,777,216 IDs (Less 2: All 0s - invalid. All 1s - special)
- More than we will ever need...
- This ID can be used to interrogate one transponder at a time.
reduces the chances of collisions.

This

- ICAO: Specifically says this ID is to be used only for correlation of tracks.
(I.e., not to identify a plane, etc.)
- Some countries have set up a system so that the ID can be used to derive
the call sign of the aircraft. (Big brother is watching...)
- Acquiring the target...
- A previously unidentified target (plane) comes within range of the SSR.
- The SSR sends an "all-call" interrogation.
All-Call: Special ID, all the bits set to 1.
This says "talk to me" (unless you are "locked out").
The interrogation also contains the IC, interrogator code (identifying the
ground station).
- The transponder "sees" the all-call. It responds with its ID (plus stuff)
(unless locked out).
- The ground unit gets this, and sends another message (on 1030 MHz) saying
"You are now Locked Out."
- Locked Out: Do not reply to an All-Call from me (according to my IC).
This lasts for 18 seconds. (Maybe - some options...)
- Note that this applies only to this IC. It will reply to All-Call from
other ground units.
- Once a target is "acquired," the ground unit can interrogate this
specific unit (the "role-call") eliminating any possibility of a collision
with another Mode S transponder transmission for this ground station. (But
not ALL collisions - from other transponders in the area being interrogated
by other ground stations, Modes A/C/S.)
- Problem acquiring target - standard problem: two about the same slant range.
- Stochastic Acquisition (Probabilistic method.)
- The whole design is to reduce the number of transmissions and collisions
while getting the required data.

Mode S - Waveforms
- Interrogation - 1030 MHz
- Does not trigger Mode A/C reply.

[Skip details.]

- Reply - 1090 MHz
- Pulse Position Modulation
- Data Rate 1 Mb/s
- Each bit is effectively "repeated" in the interval for that bit.
- Look at bit 1, from 8.0 micro-s to 9.0 micro-s.
- A 0 is encoded with the first half low

and the second half high.

- A 1 is encoded with the first half high and the second half low.

- Why do this?
- The most likely interference comes from a Mode A/C transponder (triggered
by another SSR). Those are 0.45 microsecond pulses spaced at 1.45
microseconds, start to start.
- If such a transmission overlaps this, each pulse can not wipe out an
entire "half a bit." So some part of each "low and high" side of the
bit will remain. The system can use this to "reconstruct" what it there
with a confidence factor. And then use the checksum to detect an error,
and possibly to correct errors.

What is in the message?
- Almost anything..
- First 2 to 8 bits tell what type of message this is.
Can add other functionality
- e.g., clearance delivery.
- Use for ADS-B

Look at overall ADS-B, its services, pieces, and how they work.

Then look at UAT - Universal Access Transceiver - Close to "Clean Sheet of Paper" design.
Consider FIS-B Details.

978 MHz

SBSS - Surveillance and Broadcast Services System
Reference: FAA, Surveillance and Broadcast Services Description Document,
SRT-047, Revision 01, October 24,2011,
Preston Barber, SBS Program Integration Manager
Not part of the Services:

ADS-B Air to air

Services:
ADS-B

Air to ground - Targets to FAA for surveillance

ADS-R

Rebroadcast on "other" frequency

TIS-B

Radar targets to aircraft

FIS-B

Meteorological and Aeronautical Data (weather/NOTAMs)
WSI:

Weather Services International
Andover, MA ("Hardened" - uptime > 0.9999)
Atlanta, GA - backup

On the right - Communications Network --- FAA
SDP: Service Delivery Point

- Shows ADS-B air to ground.
- Left the communications network out.
- ADS-R:
- Air to ground station
- Control station looks at other aircraft in vicinity to determine
whether to rebroadcast. (Details later.)
- If should be rebroadcast, control station "tells" radio station to schedule
a rebroadcast every time it receives information from this plane.
- Sometimes the rebroadcast must be on a different radio, in which case
the ("target") radio station sends it to the other station.
- TIS-B:
- The Non-Equipped/Radar picture is really part of the "FAA" and should be
on the right side of the diagram.
- The Radar target information (Mode C and S only) is sent to the control
station. It looks at the list of potential clients to see if this data
should be broadcast. It so, it sends it to the appropriate radio(s)
(along with which frequency (frequencies) to use).
- FIS-B:
- This is broadcast on the UAT frequency at appropriate intervals.
- Not sure of the exact route through the pieces.
- Probably goes through the central centers to the regional centers which
give it to the radio stations as appropriate.

Service Volume (SV):
- Volume of airspace within which a set of ADS-B Services are provided.
- Required performance for the set of services is achieved.
Note: While the required ceiling for FIS-B is FL240, it is expected that users
can utilize the FIS-B service above that altitude. Some FIS-B products will
only include data up to or near FL240 (e.g. Winds and Temps Aloft will extend
up to FL390). In the present design, approximately 90% of the area of
implemented SVs would have FIS-B coverage at FL400.
- Surface Service Volumes are currently only planned for airports belonging to
the 35 Operational Evolutionary Partnership (OEP). See the FAA Terminal Area
Forecast Summary for a list of the OEP airports.

More Detailed View...
ADS-B
- Provide target data rates and accuracy better than Radar.
- Provide service in areas without Radar.
SBSS receives messages (978 MHz and 1090 MHz)
- puts them into a common (standard) format, filters redundant reports,
filters obsolete link version data (old systems), and validates the data.
- Both Radios and Control Stations do reasonableness tests:
- Incomplete message
- Messages with 24 bit ID not "near" last reported position.
- Two UAT guys using the same 24 bit ID.

(Very rare.)

Pieces:
- GBT (Ground Based Transceiver) (Radio Station):
- Receives messages from planes (or whatever is "up there")
- Sends the data to its Control Station.
- Transmits messages to planes
- Control Station
- Groups and filters the ADS-B reports.
- A plane may be within range of two GBTs giving duplicate reports.
These are filtered to produce just one report.
- Can filter by service volumes, exclusion zones, or custom conditions.
- Report is scheduled for delivery to the SDP (FAA).
service volume domain.
- Data used for ADS-B services, e.g., ADS-R.

The rate varies by

ADS-R Service
Concept of Operations:
- Two incompatible ADS-B link technologies (different frequencies/messages)
- Airplane with a single link technology can not receive messages on the other.
- ADR-R will retransmit a message from one technology on the other technology
when there is an aircraft in the vicinity which "needs" it.
- ADS-R Client: Aircraft (or vehicle) which is an active ADS-B user and is
receiving ADS-R service. ("Receiver" of the rebroadcast.)
- ADS-R Target: Aircraft (or vehicle) which has its message translated and
rebroadcast. ("Transmitter")

ADS-R Client Identification
- "Active": Produced valid position data within last 30s to a ground station.
- ADS-B IN on only one link.
- If both technologies, this service is obviously not required.
- Not required if the target in on the same link.
ADS-R Target Identification
- A plane is a target if there is at least one plane which needs to receive
ADS-R messages for this plane.
Operation:
The SBSS maintains a list of all active ADS-B users, and their associated input
link technologies. For each transmitting ADS-B aircraft (potential Target) the
SBSS determines all aircraft that do not have ADS-B IN of the same link
technology that are within the vicinity and need to receive ADS-R transmissions
(Clients).
NOTE: Specifically says "IN."

More detail...
- Proximity: All aircraft within a 15 NM horizontal range and +/- 5000 ft
of altitude of a client aircraft. (Not those on the ground.)
- Selections of ground stations for the retransmission from a target.
- Usually, the target and its clients are "on" the same GBT. In this case,
the control station prepares a schedule for retransmissions and sends it
to the GBT.
- Less frequently, the target and some of its clients are on different GBTs.
In this case, the target message is sent to the control station (on
schedule) which then sends it to the required GBT for retransmission.
Observations:
- A client may receive reports outside its vicinity because other clients
require these.
- Do not want to saturate the system.

Degrade rather than "crash."

- The cumulative number of messages transmitted by all SBSS radio stations
within reception range of any aircraft in the NAS will not exceed 1,000
1090ES messages per second with received signal strength greater than
-78 dBm. This limit applies to both the ADS-R and TIS-B Service combined
(although ADS-R transmissions are prioritized over TIS-B when approaching
capacity limits).
- The cumulative maximum number of UAT messages received by an aircraft will
not exceed 400 messages per second with received signal strength greater
than -82 dBm. These limits are achieved through a combination of the client
proximity filter size, the density of radios, radio transmit power, the best
radio selection algorithm, and the required update intervals.
- Includes both ADS-R and TIS-B messages.

TIS-B Service
- Very similar to ADS-R with multiple clients, targets, etc.
- Update intervals - depend on RADAR updates...
Concept of Operations
- Provides active ADS-B users with position reports of non ADS-B aircraft.
- Available in supported SVs with adequate Radar coverage and GBTs.
- TIS-B Client: Aircraft (or vehicle) that is an active ADS-B user and is
receiving TIS-B service.
- TIS-B Target: Non ADS-B equipped aircraft (or vehicle) that has its position
transmitted.
TIS-B Client Identification
- In airspace where this service is offered.
- Produced valid position data within the last 30 seconds to a ground station.
- Must be ADS-B IN on at least one link.

NOTE: "IN"

TIS-B Target Identification
- SBSS monitors surveillance information from the FAA, and correlates and
merges information from multiple surveillance sources into individual aircraft
tracks. Aircraft tracks that are not correlated with an active ADS-B user are
potential TIS-B Targets.
False Tracks and Incorrect Associations
- False tracks and incorrect associations are unavoidable due to the uncertainty
inherent in radar systems. Although such artifacts are minimized they will
happen. If an ADS-B aircraft is not associated with its radar track it will be
treated as a TIS-B Target, and its track information will be transmitted in
TIS-B reports. This will cause the aircraft to receive TIS-B transmissions for
itself, and aircraft in proximity will receive both ADS-B reports from that
aircraft, and TIS-B reports for the unassociated track for that aircraft.
ADS-B IN avionics should consider these situations in processing of this
traffic data.

Experience with "seeing" other aircraft:
My plane
- Many owners fly "my kind of Mooney" into Class A airspace.
- Installed Bendix-King KT74 Modes S transponder
- Paired with my Garmin 530W, provides 1090ES ADS-B Out.
- Gives me TIS-A (sometimes just "TIS"), a traffic alert when there is an
"intruder," i.e., a plane (as known to radar which provides mode S) within
7 nm and -3000 feet and +3500 feet vertically. It shows up on the Traffic
Page on the 530.
- Case 1, Stratus on the panel:
- Opposite direction traffic, via TIS-A, showed up on the 530. It was at my
altitude and about a mile to my right. I could see the plane.
- It did not show up on Foreflight.
- Other planes with ADS-B out did show up.
- Conclusion: Stratus is working. This plane does not have ADS-B Out.
- Foreflight shows several ground stations being received.
- The Radar knows about the plane and it will pass this data to the ADS-B
system. This system will determine that I am a client with this plane as
a (Radar) target. So it will schedule the broadcast of the TIS-B data (from
this plane).
- I am not getting this data.
* Conclusion: This data is broadcast on only one radio station. That
station could be "under" me. Then the plane body could block the signal
from the Stratus.
- Case 2, now using blade antenna under the plane:
- Flying along at 11,000'.
- Traffic shows up on Foreflight, off to my left, and at 13,000'.
- Controller tells me about traffic. "I see him."
- Controller tells "traffic" about me. "I see him."
- The traffic, a big passenger twin jet, will pass in front of me. When he
gets to about the 11 o'clock, he disappears from Foreflight.
- No big explosion. No parts raining down from the sky. He is still up
there (visually).
- He finally reappears on Foreflight way to the right. I tap the icon and
find he is about 7 nm away.
* Conclusion: The antenna (used by Stratus) is under the plane and on the
left side, sort of under the pilot's feet. When the traffic got to about
the 11 o'clock position, not enough signal from his transponder could get to
the antenna. So he was "gone." With the antenna on the left, the traffic
had to get "far away" for enough signal to get under the body of my plane
and reach the antenna.
- System was designed to communication between ground stations and aircraft.
Communication between airplanes is (sort of) a side effect. Air to air
communication works "most" of the time. But there are times it does not.
You must still "see and avoid."

FIS-B Products [Broadcast on UAT frequency]:
- AIRMET, SIGMET, Convective SIGMET, METAR, NOTAM, PIREP, TAF, Winds/Temp Aloft
- Authorized development (as of 2014, available in 2017):
- Lightning, Turbulence NOWcast (10,000 ft and above), Icing NOWcast
(eight 3,000 ft ranges from 3,000 to 24,000), Cloud Tops, One-Minute
Automated Weather Observing System (AWOS - more frequent METARs).
- FIS-B Outage Notification
- Notifies user a particular product is not available as of a start time.
Message within 30 seconds of the failure, rebroadcast periodically.
- CONUS NEXRAD:
- Nationwide network of high resolution Doppler weather RADARs.
- Summary composite across the 48 states.
- Not exactly a "high resolution" presentation. Pixel: 5.4 nm square.
- Regional NEXRAD:
- Summary composite for a local area.
- More detailed (higher resolution) image than the CONUS NEXRAD images.
Bandwidth Considerations:
- Example - TAFs: Every 6 hours (usually).
to provide to users.

But must (re)transmit frequently

- NOT ENOUGH BANDWIDTH!
- XM Weather has enough bandwidth to provide "everything" all the time.
- Increasing competition... Increased prices.
- "Tiering" to best use available bandwidth.
- Surface, Low, Medium, High
- Each tier has all the products/data from the lower tier.
- Look-ahead distance factor.
- Really a circle centered at the ground radio.
- Size factor of an airport (METARs/TAFs).

Not where you actually are.

Class B/C get priority filtering.

- Not client based, i.e., broadcast without regard to planes in the area.
On a time schedule.
Example Flight:
-

From KIAD - Dulles International
To KORL - Orlando Executive (Class D - or E)
650 nm flight
Near KMCO - Orlando International (Class B)

- On first part of flight, within area served by high altitude tier radios,
will get the METAR for KMCO but not for KORL. (Too far from KORL...)
- Later, within 500 nm (for high altitude - or 375 nm for medium...), will get
the METARs for smaller airports in this area - including KORL.

UAT Frame
- Exactly 1 second long.

Starts at the beginning of each second.

- Can do this because the GPS system provides extremely accurate time
(to airplane and ground).
- MSO - Message Start Opportunity. 4000 per second - each 250 micro sec.
Each transmission must start at the beginning of an MSO.
- Ground Segment: First 188 ms for ground transmissions.
- Aircraft Segment: Last 812 ms for air transmissions.
- Note the 12 msec guard times between these.
- Ground Broadcast Slot (Channel)
- 32 of these in the ground segment
- Each has 22 MSOs (making it 5.5 ms long)
- Ground broadcast slots are used to broadcast
- FIS-B data (format later)
- TIS-B and ADS-R data in the ADS-B format.
- Illustration is not perfectly accurate, but good enough.

Format for the air message.
- The 4 bits at the beginning and end are to allow the transmitter to
power up (to 90% of its full strength) and down.
- The 36 bit Sync is a fixed sequence of 0s and 1s so the receiver can
figure out that it has found the beginning of a valid message.
- The 144/272 bit Payload is the data of interest.
- The 96/112 (respectively) bit FEC/Parity is a Forward Error Correcting
code.
- This allows finding almost all errors and correcting most of them.
- This is particularly effective for noise and pulse interference (DME).
- The Payload and FEC blocks together are a Reed-Solomon block (RS).
- When an airplane radio wants to transmit a message, it uses a pseudo-random
choice of an MSO in the ADS-B segment. The message is transmitted starting
at this MSO.
- This does not eliminate collisions, but it does help reduce them in a
way allowing the required data to be collected reasonably often.

Bit Intervals

_______________________________________________
/|
|
|
|\
/ |
Sync
|
Payload
|
FEC Parity
| \
/ |
|
|
| \
/___|___________|________________|__________________|___\
4
36
144/272
96/112
4

Tiers - Product Parameters
Product
Surface
Low Tier
Medium Tier
High Tier
================================================================================
CONUS NEXRAD
N/A
N/A
Provided
Provided
(All 48 states)
(All 48 states)
-------------------------------------------------------------------------------Regional NEXRAD
look-ahead
150 nm
150 nm
200 nm
250 nm
-------------------------------------------------------------------------------METAR/TAF
All Class B/C airports
look-ahead
100 nm
250 nm
375 nm
500 nm
-------------------------------------------------------------------------------Winds/Temps
look-ahead
500 nm
500 nm
750 nm
1000 nm
-------------------------------------------------------------------------------NOTAMS, FDC,
TFR
look-ahead 100 nm
100 nm
100 nm
100 nm
-------------------------------------------------------------------------------AIRMET/SIGMET
look-ahead
100 nm
250 nm
375 nm
500 nm
-------------------------------------------------------------------------------PIREP/SUA
look-ahead
N/A
250 nm
375 nm
500 nm
-------------------------------------------------------------------------------Note: "look-ahead" really refers to a radius around the ground station. [Really
a circle centered at the ground station.] You may (usually will) receive
more than one ground station. Each has the appropriate (low, medium,
high) radius around it. So you may get things outside the indicated
"look-ahead" distance.
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FIGURE A-4. FIS-B OVER UAT PRODUCT UPDATE AND TRANSMISSION
INTERVALS
Product
AIRMET
Convective SIGMET
METAR

FIS-B Over UAT Service
Update Intervals1
As available

FIS-B Service
Transmission Intervals2
5 minutes

As available

5 minutes

1 minute/as available

5 minutes

15 minutes

15 minutes

NEXRAD Composite Reflectivity
(CONUS)
NEXRAD Composite Reflectivity
(Regional)
NOTAMs-D/FDC/TFR

5 minutes

2.5 minutes

As available

10 minutes

PIREP

As available

10 minutes

SIGMET

As available

5 minutes

SUA Status

As available

10 minutes

8 hours/as available

10 minutes

Temperature Aloft

12 hours

10 minutes

Winds Aloft

12 hours

10 minutes

TAF

1

The Update Interval is the rate at which the product data is available from the source.

2

The Transmission Interval is the amount of time within which a new or updated product
transmission must be completed and the rate or repetition interval at which the product is
rebroadcast.
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Next page...
- Not really inverted cones.
- Signal does not "cut off" at the top.

Fades to "unusable."

- High altitude tier will provide some services up to 40,000'.

- Next two slides show the End State Coverage
- For 1090 ES
- For UAT
Legend - Coverage at:
Tan:

1,500 feet (GoMex - Gulf of Mexico)

Dark Blue:

1,800 feet

Red:

5,100 feet

Yellow:

18,000 feet

Light Blue:

28,000 feet

Little triangles are tower (radio) sites.

