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1.
Delete Section 8.3.5.10.2 and replace with:

“8.3.5.10.2
Data Tag for ADS-B and TIS-B Traffic that is On the Ground

A data tag may be displayed for all vehicles and aircraft that are on the ground and have the desired information available to be displayed. The data tag for vehicles and aircraft on the ground shall not be displayed unless selected by the pilot.  The data tag shall be located in proximity to the traffic symbol and the relationship between the traffic symbol and the data tag shall be readily discernable.   The data tag shall be displayed immediately below the traffic symbol.

The data tag shall consist of two fields separated by a forward slash (/).  Each data field shall be capable of displaying a maximum of eight alphanumeric characters.  The information contained in the data tag shall be selected by the pilot and shall be the same for all displayed traffic.  In the event that the selected information is not available for any displayed traffic, the data field for that traffic shall be shown as a series of dashes (-----).  The left data field shall contain the most recent data field selected by the pilot.  If both data fields are in use and the pilot selects another piece of information for display, the information shown to the right of the slash shall be deleted and the information previously shown in the left data field shall move to the right data field.

All information contained in the data tag shall be the same color as the associated traffic symbol.

Any of the Pilot-Selectable Information elements described in Section 8.3.5.9.2 through Section 8.3.5.9.6 can be displayed in the data tag when selected by the pilot.”

2.
Delete Section 8.4.1 and replace with:

8.4.1
Map Overlays

The display shall provide the capability to display map overlays that depict airport layouts.  The display of the maps shall be pilot selectable.  The display of any selected map overlay shall be inhibited when the own aircraft position is not available to the display.  When the overlay is displayed, the own aircraft position and the position of other aircraft and vehicles shall be depicted on the display.

Note:  When the TCAS Only display mode (see Section 8.4) is selected, only the own aircraft position will be shown on the display.
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PURCHASE DESCRIPTION

FOR AN

AIRCRAFT TEST AND EVALUATION

SURVEILLANCE AND INFORMATION

SYSTEM  --  AIR TESIS
12 March 2001

The various Sections in this Purchase Description (PD) describe a complete, integrated Aircraft Test and Evaluation Surveillance and Information System (AIR TESIS).  If requirements in a Section(s) necessarily imply or infer requirements in another Section(s), such implied or inferred requirements shall be firm specifications for this PD.

1.0
General System Description and Requirements for an Aircraft Test and Evaluation Surveillance and Information System (AIR TESIS)

The Aircraft Test and Evaluation Surveillance and Information System (AIR TESIS) will be referred to as TESIS in this Purchase Description (PD).  TESIS will be a demonstration system and a flying test bed for the purposes of data collection to develop future aircraft systems using Automatic Dependent Surveillance–Broadcast (ADS–B) and other surveillance and information capabilities. 

1.1
Description
The functionality of TESIS includes:

· Air-to-Air ADS–B using either the Universal Access Transceiver or the 1090 MHz Extended Squitter.  Only one of these air-to-air modes is required for TESIS.  (Sections 2.0 and 3.0 of this PD)

· Reception and processing, as necessary, UAT Traffic Information Service-Broadcast (TIS-B) and DF 18 1090 MHz messages from TIS-B ground stations.  (Sections 2.0 and 3.0 of this PD)

· Differential Global Positioning System (Differential GPS) data derived from Local Area Augmentation System corrections.  (Section 4.0 of this PD)

· Incorporation of Approach Spacing Tools. (Section 5.0 of this PD)

· Incorporation of Flight Information Service-Broadcast (FIS-B), including graphical and alphanumeric data. (Section 6.0 of this PD)

· Incorporation of Airport Moving Maps. (Section 7.0 of this PD)

· A Multifunction Display and System Controls  (Section 8.0 of this PD)

· Real time recording of TESIS data for subsequent analyses (Section 9.0 of this PD)

1.2
General Requirements

The various Sections in this Purchase Description (PD) describe a complete, integrated Aircraft Test and Evaluation Surveillance and Information System (AIR TESIS).  If requirements in a Section(s) necessarily imply or infer requirements in another Section(s), such implied or inferred requirements shall be firm specifications for TESIS.  In addition to the detailed requirements in other sections of this PD, the TESIS shall meet the following general requirements.
1.2.1
Airworthiness

In the design and manufacture of TESIS, the manufacturer shall provide for installation so as not to impair the airworthiness of aircraft on which TESIS is installed and operated.

1.2.2 Intended Function

TESIS shall perform its intended function and its proper use shall not create a hazard to other users of the National Airspace System.

1.2.3
Federal Communications Commission Rules

TESIS shall comply with the applicable rules of the Federal Communications Commission.  

1.2.4
Fire Protection

All materials used in TESIS shall be self-extinguishing except for small parts (such as knobs, fasteners, seals, grommets and small electrical parts) that would not contribute significantly to the propagation of a fire.

1.2.5
Operation of Controls

TESIS shall be designed so that controls intended for use in flight cannot be operated in any position, combination or sequence, which would result in a condition detrimental to the reliability of the equipment or operation of the aircraft.  

1.2.6
Accessibility of Controls

TESIS controls, which do not require adjustment during flight, shall not be readily accessible to flight personnel.  

1.2.7
Equipment Interfaces

TESIS interfaces with other aircraft equipment shall be designed such that, properly installed with adequately designed other equipment, normal or abnormal TESIS equipment operation shall not adversely affect the safe operation of other equipment and normal or abnormal operation of other equipment shall not adversely affect the safe operation of TESIS equipment without notification or obvious indication of such failure conditions to flight personnel.  

1.2.8 Certification and Safety Analysis

Note 1:
TESIS equipment is only intended to operate under an experimental Supplemental Type Certificate (STC) for the aircraft on which it is installed.  Consequently, there are minimal certification requirements for TESIS. 

TESIS equipment shall be designed for safe operation such that the requirements of all other sections of this PD are met.  In order to ensure that the foregoing requirement is met, the contractor shall perform an appropriate analysis of the failure modes of the TESIS equipment and a categorization of the effects of the failure on the operation of the aircraft.  For the purpose of this analysis, a failure is defined as the output of misleading information without notification of such a failure condition to flight personnel.  

Note 2:
Additional information of a general nature, which may be helpful in conduction the analysis, is contained in Federal Aviation Administration Advisory Circulars AC 23.1309-1C and AC 25.1309-1A.

1.2.9
Software Development Processes

As a minimum, TESIS software shall be developed in accordance with the processes defined for Level C in RTCA/DO-178B,  "Software Considerations in Airborne Systems and Equipment Certification".   For other avionic equipments, which may be incorporated into TESIS but which are not developed under this PD, the same minimum (Level C) requirement applies.   However, the contractor may request waiver of this requirement for other equipments provided: a) the contractor provides stipulations from the other equipments manufacturer(s) that the other equipments were developed by processes at least as structured as level C, or b) the contractor provides analyses which demonstrate failures of such other equipments will not lead to an unsafe condition in TESIS or other aircraft systems.  An acceptable alternative to DO-178B, Level C processes would be development processes in accordance with the Carnegie Melon University’s Capability Maturity Model (CMM) Level 2 (repeatable).  The contractor may presume favorable consideration should a request to employ CMM Level 2 processes, together with substantiating documentation describing the process and its quality provisions, be submitted.

1.2.10
Environmental 

TESIS equipments shall be designed and manufactured in accordance with the best commercial practices for avionics used in the environments typically experienced by high-level general aviation and air transport category aircraft in civil use.  TESIS equipments shall also be designed and manufactured in a manner consistent with the system's intended purposes of conducting demonstrations and serving as a test bed for data collection for future systems' development.  There are no environmental test requirements in this PD to which TESIS must be subjected. 

1.2.11
Acceptance Tests

Bench tests and installed system ground and flight tests shall be conducted on TESIS.

1.2.11.1
Bench Tests

The contractor shall develop and conduct bench tests, which will verify that the requirements of this PD have been met.  Tests may either be on TESIS subcomponents, the entire TESIS, or a combination of both.

1.2.11.2
System Ground Tests

The contractor shall develop and conduct system ground tests to verify the entire system operation and installed system performance or TESIS.  These ground tests shall verify the design and installation performs its intended function after installation on an aircraft; that there are no adverse interactions between TESIS and existing aircraft systems, and that existing aircraft equipment has not been compromised.  As a minimum, the ground tests shall verify the proper operation of the TESIS surveillance function(s); assess electromagnetic interference and compatibility; verify external systems are properly connected to TESIS; verify the display and controls operate as designed; and verify the aircraft’s flight identification is properly configured and transmitted.  The contractor shall provide the aircraft necessary to conduct such tests and for installation and operation of TESIS on that aircraft.

1.2.11.3
System Flight Tests

The contractor shall develop and conduct system flight tests to verify the entire system operation and installed system performance of TESIS.  The contractor shall provide the aircraft necessary to conduct such tests and for the installation and operation of TESIS on that aircraft.

1.2.12
Data Requirements

1.2.12.1
Safety Analysis

As required by section 1.2.8 of this PD, the contractor shall conduct a safety analysis of the TESIS failure modes.  The contractor shall provide a report detailing this analysis and its results for FAA approval.

1.2.12.2 Test Procedures

As required by section 1.2.11 of this PD, the contractor shall conduct testing of the TESIS.  Prior to the formal conduct of any tests, the contractor shall prepare and receive FAA approval for test procedures detailing the specific tests to be conducted, describing the test setup, and identifying any functional requirements of this PD, which cannot be tested. 

1.2.12.3
Test Reports

The contractor shall provide a report detailing the testing conducted in accordance with the FAA approved test procedures and all the results thereof. 

2.0
Universal Access Transceiver (UAT) seq Level2 \r 0 \h \* MERGEFORMAT 

 seq Level3 \r 0 \h \* MERGEFORMAT 

 seq Level4 \r 0 \h \* MERGEFORMAT 
This Section 2 of the PD and Appendix A.3 contain the current UAT formats defined in draft RTCA Document No. DO-XXX, “Minimum Operational Performance Standards (MOPS) for the Universal Access Transceiver (UAT)." The Contractor is free to incorporate additional revisions to the working draft MOPS as they become available, provided the schedule requirements of this TESIS procurement are met.

Note:  This section is derived from the documentation used to procure equipment for the Federal Aviation Administration's Capstone Program and the draft UAT MOPS being developed by RTCA.  It is not certification guidance or any standard, which may be used for certifying the UAT aspects of the TESIS.  It defines the UAT aircraft-based functions so that avionics based on the UAT may be procured for demonstration, test and evaluation.  The UAT ground station is the subject of a separate procurement.

2.1
System Overview

The UAT is a wideband data link that operates on a single global channel.  The channel signaling rate is just over 1 Mbps.  The UAT media supports multiple broadcast services through a hybrid channel access approach that incorporates assigned time slotted and random unslotted access.  There are two basic transmission types--or messages--on the UAT channel: the ADS-B message and the Ground Uplink message.  Each message type has two fundamental components: message payload—which contains user information, and message overhead--which supports the physical layer transfer of the data.  The subsections below establish the necessary context for the requirements of Section 2.2.  In particular are key system-level principles of operation and some important terminology that will be used throughout Section 2. of this PD.  

2.1.1
UAT Shared Channel Access

Figure 2-1 illustrates the timing structure for UAT message transmissions.  In the UAT system, the frame is the most fundamental time unit. Frames are one second long and begin at the start of each UTC (or GPS) second. Each frame is divided into two segments: one segment in which Ground Uplink messages occur, and another in which ADS-B messages occur.  
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Figure 2-1   UAT Timing Structure

Each segment is further subdivided into message start opportunities (MSOs) spaced 250 (s apart for a total of 4,000 MSOs per frame.  The MSO is the smallest time increment used for scheduling Ground Uplink message or ADS-B message transmissions.  

2.1.2
Scheduling of Ground Uplink Message Transmission

The ground broadcast segment consists of 752 MSOs, for a total of 188 milliseconds (ms).  These 752 MSOs are divided into 32 ground broadcast slots, each 22 MSOs long, plus a guard interval of 48 MSOs (12 ms).  Each ground station is assigned one or more of the 32 time slots, in such a way that nearby ground stations in range can always be received without interference.  Each ground station transmits a Ground Uplink message each second in each assigned time slot.  Figure 2-2 shows details of the MSO-based timing.  
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Figure 2-2.  Detailed View of MSO-Based Timing

A Ground Uplink message occupies just over 4 milliseconds, and each slot is 5.5 ms long. The resulting gap allows for over 200 nautical miles (nmi) of propagation guard time between the Ground Uplink messages.  

2.1.3
Timing of ADS-B Message Transmissions

Each ADS-B transmitter makes exactly one ADS-B message transmission during each one-second frame.  During each frame, every ADS-B transmitter selects—on a pseudorandom basis—from among the first 3200 MSOs in the ADS-B segment to determine its message start time.  This random selection is intended to prevent two aircraft from repeatedly interfering with each other’s ADS-B message transmissions.  Guard time, specifically for timing drift, is accommodated at both the beginning and end of the ADS-B segment.  This could accommodate clock drift in airborne units for a period of time before there was any possibility of ADS-B transmission overlap with a ground message.  Compliance with this MSO-based timing scheme is required in order to support range validation of ADS-B messages by a receiver.  

2.1.4
ADS-B Message Composition and Scheduling

Each ADS-B message payload is composed of two parts: the Basic State Vector (SV) payload and optionally the Supplemental payload.  Every ADS-B message contains the Basic SV payload.  The Basic ADS-B message contains only the Basic SV payload.  Extended ADS-B messages contain the Basic SV payload plus a Supplemental payload.  Basic and Supplemental payloads are fixed at 17 and 16 bytes, respectively.  There are 15 types of Supplemental payloads; each type is identified in the SV payload.  Figure 2-3 below shows the relationship of ADS-B message types to their constituent payloads.  
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Figure 2-3.  ADS-B Message Types and Components

The complete (unsegmented) SV data in the Basic payload is the most dynamic of all data included in ADS-B.  This payload is therefore part of every transmitted message.  This means that SV data is always transmitted at a 1 Hz average rate.  Furthermore, this means that unique addressing is not absolutely necessary for association of the various ADS-B message types from a given ADS-B transmitter; i.e., SV data could also be used for this purpose.  

The transmission rate of each of the message types is determined by the availability of data that are contained in the various Supplemental payloads.   At one extreme, a surface vehicle with a self-contained transmitter may transmit only the Basic message.  An A2 or A3 level user may use only the Extended message types in a defined rotation cycle.  Scheduling of message types for transmission is based on a specified message rate per transmission epoch.  Within each transmission epoch, each ADS-B transmitter is required to transmit at least one of each message type required. 

2.1.5
Generation of Reports

Reports are generated within an airborne receiving subsystem for use by the airborne application systems.  Reports are generated in response to messages received (ADS-B or Ground Uplink).  The conditions and procedures for generation of reports are straightforward: each message successfully received will trigger the generation of a report.   Each report includes the unaltered payload of the message just received.  This same procedure applies to both ADS-B and Ground Uplink messages.  

2.1.6
Airborne Implementation and Scope

Implementations shall consist of transmit, receive and host/display subsystems.  The primary scope of this section of the TESIS PD is delineated by the gray areas in Figure 2-4 below. 


[image: image4.wmf]Report

Formatting

and Delivery

ADS-B

Msg

Composition

 

and

Transmission

Transmitter

Receiver

Status

On-board

Applications

ADS-B Transmitting Subsystem

Receiving Subsystem

Pos,

Vel,

1 PPS time mark

Address Option,

Permanent Address

Broadcast Message

Antenna

Subsystem

Display and

Host/Display Subsystem


Figure 2-4.  UAT Avionics Configuration

2.1.7
Role of the Ground Station

The UAT ground station will operate as an ADS-B sensor identically to that of airborne units.  The ground subsystem will also be capable of transmitting Ground Uplink messages. FIS-B uplink from ground stations utilize one or more of the 32 protected Ground Segment time slots. TIS-B uplink from ground stations will utilize the basic ADS-B message format (see Appendix A.3) and the ADS-B segment of the UAT frame. The avionics receiving subsystem makes no distinction in its processing of ADS-B and TIS-B data—although the airborne application can distinguish these via fields in the SV payload. The typical ground station antenna is a 6-8 dBi omni DME-style.  Figure 2-5 gives an overview of the ground station.
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Figure 2-5.  Overview of UAT Ground Station

A single ground station antenna/transceiver is capable of supporting the following functions:

· ADS-B sensor

· Provides time-of-arrival measurement of ADS-B transmission for independent range to target measurement based on a single sensor.  Networked ground stations with overlapping coverage allow surveillance based on the “multilateration” technique wherein a 2-D position is derived completely independent of the ADS-B reported position.

· UAT FIS-B uplink

· UAT TIS-B uplink

· Provides timing beacon to airborne users that can serve as backup timing or potentially as backup navigation.

2.1.8
Address Plan

The UAT address plan accommodates the 24-bit ICAO aircraft address for both ADS-B and TIS-B services.  This address is permanently assigned to the airframe and is guaranteed to be unique.  In addition, the UAT address plan expands on the 24-bit ICAO address with four address qualifier bits.  The qualifier bits provide a definition of service type, target type and address type to accommodate additional functionality (see section 2.2.3.1 and Appendix A.3 for details). First, it allows for an address block for various types of ADS-B transmitters that may need to be distinguished or filtered by airborne applications (e.g., Cockpit Display of Traffic Information—CDTI).  Since the qualifier bits are included within the SV component of the payload, every received ADS-B message contains all information necessary for basic CDTI target display maintenance.  Additionally, some users may not wish to divulge a permanent airframe address; instead a temporary randomly generated, self-assigned address can be substituted.  This mechanism fulfills the anonymity requirement in DO-242. 

2.1.9
Definitions

UAT Frame – The one second interval between UTC (GPS) one second marks

Transmission Epoch – The interval within which any required ADS-B message is transmitted at least once.  This corresponds to 4 UAT frames (or seconds).

Message – The actual RF transmissions on the UAT channel.  There are two message types: ADS-B messages and Ground Uplink messages.

Message Payload – The portion of the message that carries data that will be consumed by application systems outside the UAT system.

Field – The elements of ADS-B message payload.  Most of these elements are enumerated in RTCA DO-242 (e.g., Latitude, Longitude, etc.).

Reports – The encapsulated payload of received messages that is forwarded to on-board application processors.

2.2
Equipment Performance Requirements

2.2.1
MASP Compliance

For general ADS-B requirements and definitions not contained in this document, reference shall be made to RTCA, Inc. Document No. RTCA/DO-242, Minimum Aviation System Performance Standards for Automatic Dependent Surveillance Broadcast (ADS-B).  The requirements specified in this document shall supercede those specified in RTCA/DO-242.

2.2.2
Equipage Class Application Coverage

UAT equipment is categorized into aircraft system equipage based on the ADS-B equipage classes established in RTCA document DO-242 and is summarized in Table 2-1.  These class categories are based on both the aircraft’s on-board transmitter and receiver capabilities.   For UAT, no distinction is required for receiver operation amongst these classes; the distinction is limited to transmitter power level and information available to the transmitter.

Table 2-1  UAT Installed Equipment Classes for Mobile Use
	Application
	DO-242 Equivalent Equipage Class
	Transmit Power Required

	Antenna Diversity


	Basic Surveillance 

(Tx only)
	B1
	Medium (<15,000’ max altitude)

High (>15,000’max altitude)
	Yes

	
	B2
	Low
	No

	Class B plus receiver for G-A and A-A services
	A0, A1

	Medium (<15,000’ max altitude)

High (>15,000’max altitude)
	Yes

	Installation Class A1 plus additional transmitted data to support additional applications
	A2
, A3
	High
	Yes


Other notes
,
,

2.2.3
Required ADS-B Message Fields and Acceptable Sources

Table 2-2  ADS-B Message Fields

	UAT ADS-B Message Payload Field
	Message Field Required for TESIS
	Acceptable Source

	28-Bit UAT Address
	Yes
	As established per Section 2.2.3.1 below

	Latitude
	Yes
	Any sensor meeting requirements under TSO C129a Class  B2 with the following modifications :

a) those requirements applicable to supporting navigation system integration are not applicable,

b) the accuracy and integrity of GPS position data associated with Class B1 shall apply.

c) sensor shall provide  a 1 PPS UTC time mark output



	Longitude
	Yes
	

	NUCp
	Yes
	

	Horizontal Pos Available
	Yes
	

	UTC Coupled
	Yes
	

	N-S Velocity
	Yes
	

	E-W Velocity
	Yes
	

	Turn Indicator
	No
	Code for “data unavailable” shall be used

	Pressure Altitude
	Yes
	Any encoder approved under TSO C88a (Minimum required 100’ increments with +/- 125’ accuracy 95% of the time)

	Pressure Altitude Rate
	No
	Code for “data unavailable” may be used

	A/G State (On ground indication)
	Yes
	 Weight on Wheels Activation/Deactivation Preferred

	Geodetic Height Difference
	No
	Code for “data unavailable” may be used.

	Emergency/Priority Status
	Yes
	Pilot input

	Geodetic Height Difference Rate
	No
	Code for “data unavailable” may be used.

	Class code
	Yes
	Imbedded in system software (not changeable by installer or pilot)

	Aircraft Category subfield
	Yes
	Static configuration item

	Flight ID subfield
	Yes
	Static configuration item/pilot input

	Message Start Opportunity
	Yes
	Generated within UAT system from 1 PPS time mark


2.2.3.1
Address Field

The 28-bit UAT Address contains the following subfields: 

· 2-bit Service Type 

· 1-bit Target Type 

· 1-bit Address Type 

· 24-bit Aircraft Address 

The 28-Bit UAT Address shall take on one of 16 possible values determined during initialization. Table 2-3 shows the usable combinations of subfields.

Table 2-3  Address Field Encoding

	Service Type
	Target Type
	Address Type
	Aircraft Address Subfield

	ADS-B Direct,

ADS-B Rebroadcast,

Or 

TIS-B
	Aircraft

Or

Non-Aircraft
	Permanent
	Permanent address assigned to the aircraft

	ADS-B Direct,

ADS-B Rebroadcast,

Or 

TIS-B
	Aircraft

Or

Non-Aircraft
	Temporary
	Random bit pattern generated according to procedures in subsection b. below


2.2.3.2
Procedure for Setting Address

The ADS-B transmitting subsystem shall accept the Service, Target and Address Type inputs and the permanent ICAO 24-bit address via an appropriate data input interface and use such data to establish the “28-Bit UAT Address” field.

a. If the Address Type is selected as “permanent,” then the “Aircraft Address” subfield shall contain the permanent 24-bit ICAO aircraft address.  The Address Type subfield shall be set to “0.” 

b. If the Address Type is selected as “temporary”, then the “Aircraft Address” subfield shall contain a randomly generated number per the procedure below.  This procedure is to be applied only at the time of unit startup or change of state of the Address Type input to “temporary”.  The Address Type subfield shall be set to “1”.

Let ADDRP be the permanent 24-bit ICAO aircraft address.  Let M(1) and M(2)be the 12 LSBs of the latitude and longitude fields respectively at the time of startup or change of state of the Address Option input to “temporary”.  Define the 24-bit number 
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The temporary address shall be the modulo 2, bit-by-bit summation of ADDRP and M(3); i.e.,
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The ADDRT value shall then be checked to insure it falls into the address space allocated for temporary self assigned addresses per Table 1-1.  If ADDRT is outside this allocated space, the procedure above shall be repeated by incrementing ADDRP by 1 using modulo 224 arithmetic until an ADDRT is found within the allocated space.

2.2.3.4
All other Required Fields
All other required message fields shall meet the information content requirements specified in DO-242 applicable to Class A1 equipment

2.2.4
Transmitter Power Level

The minimum RF peak output power shall be 15W measured at the terminals of the antenna.

2.2.5
Message Transmission Procedures

2.2.5.1
Message Transmission Rate

The UAT shall transmit exactly one ADS-B message each UAT frame (i.e., the interval between UTC one second time marks).  

2.2.5.2
Message Transmit Timing: The Message Start Opportunity (MSO)

ADS-B messages shall be transmitted at discrete Message Start Opportunities (MSO) chosen by a pseudorandom process.  The specific pseudorandom number chosen by an aircraft depends on the aircraft’s current position and on the previously chosen random number.  The procedure below shall be employed to establish the transmission timing for the current UAT frame m.  

The desired output of the algorithm is a 12-bit pseudorandom number.  Suppose the previous number is R(m-1) and

N(1) = 12 L.S.B.’s of the current latitude

N(2) = 12 L.S.B.’s of the current longitude

  
The next random number is then given by
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The initial R(m) shall be zero

NOTE 1: 
The latitude and longitude alternate in providing a changing “seed” for the pseudorandom number generation.

NOTE 2:
This algorithm provides anonymity to the aircraft and ensures, with very high probability, that no two aircraft will repeatedly choose the same MSOs.

2.2.6
Unavailability of Basic SV Message Payload Fields

a. In any UAT frame interval (i.e., 1 second), each ADS-B transmitter shall at a minimum transmit the Basic ADS-B message regardless of the unavailability of any individual payload field. 

b. Any such unavailable payload fields shall be encoded as “unavailable”

2.2.7
Latency of ADS-B Message Data

At the time of ADS-B message transmission, position and velocity information encoded in the Latitude, Longitude, N-S Velocity, and E-W Velocity fields shall be valid as of the immediately previous 1 PPS Time Mark.  Specifically, NO extrapolation to the time of transmission is to be performed.

2.2.8
Installed System ADS-B Availability and Continuity of Service Requirements

The unavailability of the ADS-B aircraft installation shall be less than 10-3.  The system is considered unavailable after 12 seconds elapse with loss of valid transmitted signal.  Availability is calculated as the ADS-B System Mean-Time-Between-Failures (MTBF) divided by the sum of the MTBF and Mean-Time-To-Restore (MTTR).  

Note:
Unavailability is defined as: (1- availability).  
2.2.9
ADS-B Message Integrity

ADS-B integrity is defined in terms of the probability of an undetected error in a report received by an application, given that the ADS-B system is supplied with correct source data.  The integrity of the ADS-B System shall be 10-6 or better on a per report basis. 

3.0
1090 MHz Receiver and Associated Surveillance Processing

This section describes requirements for the TESIS 1090 MHz receiver and for the processing of 1090 MHz surveillance inputs.  The receiver, either stand-alone or shared with a TCAS unit, is described in section 3.1.  Hybrid surveillance, a technique which allows TCAS to use both active surveillance data and passively-received extended squitter data, is described in section 3.2.  A surveillance display processor, which combines surveillance inputs from multiple sources into a single data stream for the display, is described in section 3.3.

3.1
1090 MHz Receiver 

3.1.1
General Characteristics

The 1090 MHz receiver described in this document shall comply with all requirements of RTCA Document No. DO-260, “Minimum Operational Performance Standards for 1090 MHz Automatic Dependent Surveillance-Broadcast (ADS-B),” section 2.2.4.3.  The definition of Minimum Triggering Level (MTL) given in DO-260 section 2.2.4.1 shall apply.

The receiver shall provide for each valid 1090 MHz message reception (i.e., valid DF0, DF11, DF16, DF17, or DF18 transmission) an associated time-of-receipt, accurate to within one millisecond. 

The receiver may be shared with a TCAS unit or may be implemented as a stand-alone 1090 MHz receiver.  Receivers shared with a TCAS unit shall comply with the requirements of 3.1.2 below.

3.1.2
Receivers Shared with a TCAS Unit

Receivers implemented as part of a TCAS unit shall comply with all receiver requirements specified in RTCA Document No. DO-185A, “Minimum Operational Performance Standards for Traffic Alert and Collision Avoidance System II (TCAS​ II) Airborne Equipment,” section 2.2.4.4.

Receivers implemented as part of a TCAS unit shall operate with improved sensitivity, i.e., greater sensitivity than the nominal TCAS II MTL of –74 dBm, and shall implement the capabilities in 3.1.2.1 and 3.1.2.2 below.

3.1.2.1  Dual Minimum Triggering Levels  

In order to preserve the integrity of TCAS II surveillance, the receiver shall be capable of setting an indication for each squitter reception as to whether the reply would have been detected by a TCAS operating with a nominal TCAS II MTL (–74  dBm) in accordance with DO-185A, 2.2.4.4.1.1.  Acquisition (56-bit) squitters that are received using a nominal TCAS II MTL shall be passed to the TCAS surveillance function.  In addition, extended (128-bit) squitters that contain position information and that are received using a nominal TCAS II MTL shall be passed to the TCAS surveillance function.  

Squitters received below the nominal TCAS II MTL shall not be delivered to the TCAS surveillance function; specifically, no more than 10% of all squitters received at an input signal level of –78 dBm or less shall be delivered to the TCAS surveillance function.  

All extended squitters detected by the receiver (i.e., both extended squitters received using the nominal TCAS II MTL and those received below the nominal TCAS II MTL) shall be delivered to the surveillance display processor specified in section 3.3.

3.1.2.2  Dual or Re-Triggerable Reply Processors  

The TCAS Mode S reply processing function shall either:

a.     use one reply processor for Mode S reply formats received at or above the nominal TCAS II MTL and a separate reply processor for Mode S reply formats received below the nominal TCAS II MTL; or 

b.     use a Mode S reply processor that will re-trigger if it detects a Mode S preamble that is at least 3 dB stronger than the reply that is currently being processed in order to ensure that the stronger signal is processed. 

Note:
Care must be taken to ensure that low-level squitters (i.e., those below the nominal TCAS II MTL) do not interfere with the processing of acquisition squitters for TCAS.  This may happen if the low-level squitter is allowed to capture the reply processor.

3.1.3
Reply Processing Algorithms

The reply processor operating at the more sensitive MTL shall implement reply processing algorithms whose performance is  equivalent to that of the “extended squitter enhanced reception techniques” specified in RTCA Document No. DO-260, Appendix I. 

Note:
A TCAS unit operating with its own reply processor at the standard TCAS MTL does not need to implement the extended squitter enhanced reception techniques.  

3.1.4
Formats

3.1.4.1  DF17 Transmissions 

The receiver shall be capable of receiving DF17 transmissions (extended squitters from other aircraft).

Note:
The terms DF17, extended squitter, and ADS-B are used synonymously throughout section 3 of the TESIS PD.

All DF17 transmissions detected by the receiver shall be delivered to the surveillance display processor specified in section 3.3.

In addition, for receivers implemented as a part of a TCAS unit, all DF17 transmissions containing position information that are received at or above the nominal TCAS II MTL shall be delivered to the TCAS surveillance function.
The following DF17 formats are applicable to this document.  Requirements for use of these formats are stated in section 3.3.  Detailed format descriptions are given in Appendix A to this PD.  

a.     Extended Squitter Airborne Position  

b.     Extended Squitter Surface Position  

c.     Extended Squitter Identification and Category  

d.     Extended Squitter Airborne Velocity 

3.1.4.2  DF18 Transmissions

The receiver shall be capable of receiving DF18 transmissions (TIS–B targets from a 1090 MHz ground station).

All DF18 transmissions shall be delivered to the surveillance display processor specified in section 3.3.
The following DF18 formats are applicable to this document.  Requirements for use of these formats are stated in section 3.3.  Detailed format descriptions are given in Appendix A to this PD.

a.     TIS-B Fine Airborne Position Format

b.     TIS-B Fine Airborne Velocity Format

c.     TIS-B Fine Identification and Category Format

d.     TIS-B Fine Surface Position Format

e.     TIS-B Coarse Airborne Format

3.2
TCAS Hybrid Surveillance

Hybrid surveillance is a technique which allows TCAS to make use of passive position information via the extended squitter while at the same time maintain its ability to perform as a robust airborne collision avoidance system.  The use of extended squitter position information by TCAS is intended to provide a reduction in the active TCAS interrogation rate.  This will delay the onset of interference limiting and will result in an increase in the TCAS surveillance range. 

Using hybrid surveillance, TCAS validates the position provided by the extended squitter (or the position provided by the TCAS crosslink if available) by direct comparison with the active track position.  Initial validation is performed at track initiation.  Revalidation is performed once every 10 seconds if the intruder becomes a near-threat in either altitude or range.  Full once-per-second active surveillance is performed if the intruder becomes a near-threat in both altitude and range. 

High level requirements for hybrid surveillance are given in the ACAS II SARPs (Airborne Collision Avoidance System II, Standards and Recommended Practices), specifically, Annex 10 to the Convention on International Civil Aviation, Volume IV Surveillance Radar and Collision Avoidance Systems, section 4.5.  The detailed requirements in 3.2.3 below are intended to be in accordance with these high level requirements.

3.2.1
TCAS Crosslink

TCAS shall be capable of decoding the Crosslink Capability (CC) field in a transponder’s DF0 reply.

When interacting with a crosslink-capable transponder, TCAS shall be capable of requesting readout of a transponder register by inserting the register number into the Comm-B Data Selector (BDS) field in a UF0 interrogation to that transponder. 

3.2.2
Acquisition Using Extended Squitters  

Extended squitters shall be used for Mode S acquisition as described in RTCA Document No. DO-185A, sections 2.2.4.6.2.2.1 (as modified by TCAS II Change Proposal 109) and 2.2.4.6.2.2.2.  Extended squitters that contain position information shall be used for hybrid surveillance processing as described in sections 3.2.3.1 through 3.2.3.4 below.

3.2.3  Hybrid Surveillance Algorithms

3.2.3.1  Initial Validation

At initial acquisition of an intruder reporting extended squitter information, TCAS shall perform the following three functions:

a.  
TCAS shall transmit a UF0 interrogation to the intruder to determine the intruder range, bearing, and altitude, i.e., the intruder active position measurement.  These values for range, bearing, and altitude are referred to below as the “measured values.” 

If the intruder transponder is crosslink capable,  the UF0 transmission shall include BDS field = 0516 (i.e., requesting readout of the extended squitter airborne position). 

Note:
If this crosslink is used,  the time alignment described in 3.2.3.1.b is already accomplished between the intruder active position measurement and the intruder extended squitter position report.  Time alignment between own aircraft position and the intruder active position measurement must still be accomplished. 

b.
For the time corresponding to the time of the UF0 interrogation, TCAS shall estimate the latitude, longitude, and altitude of both own aircraft and the intruder aircraft. TCAS shall use these two position estimates to derive intruder relative range and bearing.  The derived range and bearing along with the altitude reported in the intruder extended squitter position report are referred to below as the “derived values.”

Note:
To produce the own aircraft position estimate above, TCAS should extrapolate forward to the desired time using past saved position reports and own aircraft velocity information. To produce the intruder aircraft position estimate above, TCAS should use the crosslinked intruder position information if it is available, or if the intruder transponder is not crosslink capable, TCAS should extrapolate forward to the desired time using past saved intruder extended squitter position reports and intruder velocity information.

c.
TCAS shall compare the derived values with the measured values for each of range, bearing, and altitude. If the differences satisfy the following three tests,  the intruder extended squitter position report is said to be “validated” and the processing described in sections 3.2.3.2, 3.2.3.3, and 3.2.3.4 shall be performed.

| slant range difference | ≤ 200 m;       AND

| bearing difference | ≤ 45 degrees;      AND

| altitude difference | ≤ 200 ft.

If any of the three tests are not satisfied, the intruder track shall be declared an active track and ADS-B information in future extended squitters from this aircraft shall be ignored by TCAS.

3.2.3.2  Supplementary Active Interrogations

An intruder track being updated using extended squitter data shall be updated at least as frequently as would be required in the absence of extended squitter data, i.e., nominally once per second or once per 5 seconds, according to DO-185A section 2.2.4.6.2.2.3.  In order to ensure this update rate, each time a track is updated using extended squitter data, the time at which an active interrogation would next be required shall be calculated.  An active interrogation shall be made at that time if a further extended squitter has not been received before the interrogation is due.

If an active interrogation fails to elicit a reply, re-interrogation and track deletion shall be accomplished according to DO-185A section 2.2.4.6.2.2.3.

The tests required in section 3.2.3.1.c shall be performed for each active surveillance measurement. If any of the three tests are not satisfied, the track shall be declared an active track and ADS-B information in future extended squitters from this aircraft shall be ignored by TCAS.

3.2.3.3  Revalidation and Monitoring

If the following condition is met for an intruder track being updated using extended squitter data:

| a | ≤ 10,000 ft;     AND EITHER

| a | ≤ 3,000 ft  or  | a – 3,000 ft | / | adot | ≤ 60s;    OR

r ≤ 3 nm  or  (r – 3 nm) / | rdot | ≤ 60s;

where:
a      = intruder altitude separation in ft


adot = altitude rate estimate in ft/s


r      = intruder slant range in nm


rdot = range rate estimate in nm/s

an active interrogation shall be made every 10 seconds to continuously revalidate and monitor the extended squitter data for as long as the above condition is met.  If necessary, supplementary interrogations shall be made in accordance with section 3.2.3.2.  The 10-second revalidation and monitoring cycle shall be re-established following a successful supplementary interrogation/reply cycle.

If an active interrogation fails to elicit a reply, re-interrogation and track deletion shall be accomplished in accordance with DO-185A section 2.2.4.6.2.2.3. 

The tests required in section 3.2.3.1.c shall be performed for each active surveillance measurement.  If any of the three tests are not satisfied, the track shall be declared an active track and future extended squitters from this aircraft shall be ignored by TCAS.

3.2.3.4  Full Active Surveillance

If the following condition is met for an intruder track being updated using extended squitter data:

| a | ≤ 10,000 ft;     AND BOTH

| a | ≤ 3,000 ft  or  | a – 3,000 ft | / | adot | ≤ 60s;    AND

r ≤ 3 nm  or  (r – 3 nm) / | rdot | ≤ 60s;

where:
a      = intruder altitude separation in ft


adot = altitude rate estimate in ft/s


r      = intruder slant range in nm


rdot = range rate estimate in nm/s

the intruder shall be declared an active track and shall be updated using active range measurements once per second in accordance with DO-185A section 2.2.4.6.2.2.3 for as long as the above condition is met.  If an active interrogation fails to elicit a reply, re-interrogation and track deletion shall be accomplished in accordance with DO-185A section 2.2.4.6.2.2.3. 

3.3  
Surveillance Display Processor

The surveillance display processor receives input data from the TCAS surveillance function, the TCAS CAS logic, DF17 (ADS-B) position messages, and DF18 (TIS-B) position messages.  It also receives ADS-B and TIS-B messages containing flight ID, ground speed, closure rate, aircraft category, etc.   The processor correlates multiple position messages corresponding to a single target and selects the appropriate position along with corresponding data for display.  Although display of TCAS data is not selected in certain display modes (section 3.3.2) , TCAS shall operate at all times.  Whenever conditions for a TCAS TA or RA are met, TCAS information is displayed and the display is decluttered as described in sections 3.3.3.1, 8.3.5.5, and 8.4.2.

3.3.1
Display Processor Functions

The display (section 8.0) is required to display various combinations of TCAS active surveillance data, DF17 (ADS-B) data, and DF18 (TIS-B) data.  A display processor shall be implemented to receive data from these three surveillance sources and to output a single data stream to the display.  The display processor shall include functions for data source selection, data extraction, data correlation, and tracking as described in sections 3.3.1.1 through 3.3.1.4 below.

3.3.1.1  Data Source Selection  

For each of the display modes defined in section 3.3.2 below, the display processor shall examine data only from the surveillance source(s) specified for that mode. 

3.3.1.2  Data Extraction  

The display processor shall be capable of extracting necessary data fields from:

a.  Surveillance reports from the TCAS surveillance processor;

b.  Outputs from the TCAS CAS logic, e.g., TA or RA determination;

c.  DF17 formats enumerated in section 3.1.4.1; and

d.  DF18 formats enumerated in section 3.1.4.2.

3.3.1.3  Data Correlation  

For certain of the display modes defined in section 3.3.2 below (in particular, the multi-sensor mode), it is possible that a single target will have surveillance inputs from multiple surveillance sources.  If so, the surveillance source used to represent the target position on the display shall be in accordance with the following priority (with number 1 being the highest priority or first preference):

TCAS (when both DF17 and TCAS data are available for this target and hybrid surveillance has specified full active surveillance for this target (section 3.2.3.4))

DF17 

DF18 - TIS-B Fine Format 

TCAS (all cases except 1 above) 

DF18 - TIS-B Coarse Format 

This prioritization is intended to select the most accurate position from among multiple surveillance sources.  This prioritization should not be confused with the prioritization described in 8.3.5.7, which arranges the targets to be displayed in order of decreasing urgency or degree of threat.  

Note:
Only rarely will a target have surveillance data from multiple sources.  As described below, TCAS/DF17 combinations are handled by the hybrid surveillance function, and DF17/DF18 combinations are not expected to occur.  Only TCAS/DF18 combinations are expected to require significant correlation processing.

TCAS/DF17:  For a given target, position data from both TCAS active surveillance and DF17 messages will be present only when the hybrid surveillance requirements for full active surveillance of that target have been met.  In this case, the TCAS active surveillance data is used to represent the target position (section 3.3.2.1).  In all other cases, either TCAS active surveillance data will be available or DF17 data will be available, but not both.

DF17/DF18:  DF17 and DF18 messages are expected to be mutually exclusive, because the TIS-B function on the ground is expected to generate DF18 messages only for those targets that are NOT transmitting extended squitters.

TCAS/DF18:  Some DF18 targets will correspond to targets already under active track by TCAS.  These targets would be aircraft that are transponder equipped but not transmitting extended squitters and that are seen by the ground radar or the ground multilateration system.  For Mode S targets, primary correlation would be accomplished using the 24-bit Mode S address, followed by position and altitude comparisons.  For ATCRBS targets, correlation would be accomplished using position and altitude comparisons. 

3.3.1.4  Tracking

The display processor shall include a tracker function to support the data correlation function. Tracking using DF17 formats and DF18 fine formats shall be in accordance with RTCA Document No. DO-260, section 2.2.10. 

Note:
Correlation window sizes should be a function of track quality, including data precision, accuracy, and integrity; track status (i.e., initiation in progress, established, etc.); time since last update; and straight or turning flight.  The tracker characteristics (gains, etc.) should be appropriate for the accuracy of the input measurements and assumptions regarding the dynamics of the targets to be tracked.

For a particular target, if both TCAS surveillance reports and DF17/DF18 position messages are present, the display processor shall maintain two separate tracks: one for DF17/DF18 data, with tracking accomplished using received latitude and longitude values, and a second for TCAS data, with tracking accomplished using slant range and bearing measurements.  When correlating DF17/DF18 data and TCAS data, in order to preserve the accuracy of the TCAS slant range measurement, the DF17/DF18 latitude/longitude shall be converted temporarily to slant range/bearing for comparison.  (See section 3.3.2.3.1 and Appendix B for details.) 

Note:
The display processor is not required to track TCAS surveillance targets (though this tracking may be performed if desired), since the TCAS surveillance reports received by the display processor will include both measured and tracked values.  In order for the display processor to “maintain” a TCAS track as described above, it could simply use the tracked values passed to it by the TCAS surveillance function.

For DF17/DF18 tracks, the track file is expected to be updated using either DF17 data or DF18 data, whichever is present.  Specific requirements are given below for cases in which both DF17 and DF18 data are received for the same target. 
3.3.2
Display Modes Specifying TCAS, ADS-B, or TIS-B Data

For operational evaluation, three surveillance display modes have been defined: TCAS Only Display, ADS-B and TIS-B Only Display, and Multi-sensor (TCAS, ADS-B, and TIS-B) Display.  (See section 8.4.)

Note:
For purposes of section 3 of the TESIS PD, the FIS-B Only Display mode and the Multi-sensor Display modes involving FIS-B are not addressed.

3.3.2.1  TCAS Only Display  

In this display mode, surveillance sources shall be limited to TCAS active surveillance and DF17 messages that have been validated by TCAS.  

As described in section 3.3.1.3 above, position data from both TCAS active surveillance and DF17 messages will be present only when the hybrid surveillance requirements for full active surveillance of that target have been met.  In this case, the TCAS active surveillance data shall be used to represent the target position on the display.  In all other cases, the available source (either TCAS active surveillance data or DF17 data) shall be used to represent the target position.

3.3.2.2  ADS-B and TIS-B Only Display

In this display mode, surveillance sources shall be limited to DF17 and DF18 messages.  TCAS shall operate, but no TCAS active surveillance data shall be displayed, unless conditions for a TCAS TA or RA are met, as described in section 3.3.3.1.

Note:
As described in section 3.3.1.3 above, DF17 and DF18 messages are expected to be mutually exclusive, because the TIS-B function on the ground is expected to generate DF18 messages only for those targets that are NOT transmitting extended squitters.  Nevertheless, it is necessary to anticipate some situations in which both DF17 and DF18 messages are present for a single target within a given time interval.  Two examples are:

(1) An aircraft may stop transmitting DF17 messages (e.g., if there is a temporary problem with its GPS inputs), and the TIS-B function on the ground begins to transmit DF18 messages for this target.  When the DF17 messages resume, both DF17 and DF18 messages will be present until the DF18 messages cease.

(2) The ground TIS-B function may fail to receive a DF17 message from an aircraft (e.g., due to antenna shielding).

If both DF17 and DF18 position messages are present for a single target, the following tests shall be performed:

3.3.2.2.1  ADS-B and TIS-B Only Display Correlation Tests 

DF17 and DF18 messages shall be examined for Mode S address correlation.  For DF17 and DF18 messages that have the same Mode S address, position data in both messages shall be compared to the predicted position of the track at the time of the new position input.  Details of the comparison are given in Appendix B, “Correlation Tests.”

If both the DF17 and DF18 messages pass the track correlation test, the DF17 position shall be used to update the track file and to represent the target position on the display.  

If only one message (either DF17 or DF18) passes the track correlation test, it shall be used to update the track file and to represent the target position on the display.  If both messages fail the track correlation test, the track shall be coasted and the coasted position used to represent the target position on the display.

A system log entry shall be recorded for any case of failed track correlation.

3.3.2.3 Multi-sensor Display (TCAS, ADS-B, and TIS-B)

In this display mode, surveillance sources shall be TCAS active surveillance, DF17 messages, and DF18 messages.

Note:
As described in section 3.3.1.3, correlation is expected to be necessary primarily for TCAS active surveillance and DF18 messages.  DF18 messages use one of two levels of precision in reporting position (see formats in section 3.1.4).  Coarse DF18 messages derived from a ground radar with an update rate of approximately once per 5 seconds would be expected to have a positional accuracy less than that of TCAS.  Fine DF18 messages derived from multilateration have an update rate of approximately once per second and have a positional accuracy that is essentially equivalent to DF17 position formats.  Fine DF18 messages will normally have a positional accuracy greater than that of TCAS.

3.3.2.3.1 Multi-sensor Display Correlation Tests

DF17/DF18 Correlation.  DF17 / DF18 correlation shall be performed as specified in section 3.3.2.2.1 . 

DF18 / TCAS Mode S Correlation.  DF18 messages and TCAS surveillance reports shall be examined for Mode S address correlation.  For targets that have the same Mode S address, i.e., Mode S targets that have both DF18 and TCAS position information, correlation shall be performed as follows:

Each time a TCAS surveillance report is received by the display processor, the corresponding DF18 track (i.e., with the same Mode S address) shall be extrapolated forward to the time of the TCAS active measurement.  The position of own aircraft shall also be extrapolated forward to this same time.  The two extrapolated positions shall be used to compute a slant range and bearing between own aircraft and the intruder (see section 3.2.3.1.b).  This slant range and bearing, plus the DF18 altitude, shall be compared to the TCAS measured range and bearing and the TCAS altitude.  Details of the comparison are given in Appendix B, “Correlation Tests.”

If the DF18 and TCAS positions agree, the source used to represent the target position on the display shall be in accordance with the following priority: 

1.  DF18 Fine Format

2.  TCAS

3.  DF18 Coarse Format

If the positions do not agree, the TCAS position shall be used to represent the target position on the display, and a system log entry shall be recorded. 

DF18 / TCAS ATCRBS Correlation.  For each DF18 ATCRBS target, position correlation tests shall be performed to determine if the DF18 ATCRBS target represents the same aircraft as a target under track by TCAS.  Details of the tests are given in Appendix B, “Correlation Tests.”

If the DF18 target and the TCAS target are determined to represent the same aircraft,  the source used to represent the target position on the display shall be in accordance with the following priority:

1.  DF18 Fine Format

2.  TCAS

3.  DF18 Coarse Format

3.3.3
Special Conditions

3.3.3.1  TCAS TA and/or RA Conditions


Whenever conditions for a TCAS Traffic Advisory or Resolution Advisory are met, the surveillance display processor shall immediately cause the display of TCAS active surveillance data and TCAS-validated DF17 data in accordance with sections 8.3.5.5 and 8.4.2.

4.0
Differential Global Positioning System (GPS) Receiver Incorporating Corrections from the Local Area Augmentation System (LAAS)

TESIS shall include a GPS receiver to provide accurate position and enable accurate computation other state data for own as well as other aircraft.

4.1
Differential GPS Receiver Certification 

The TESIS differential GPS receiver shall be derived from a non-differential GPS receiver design meeting the requirements of FAA Technical Standard Order C‑129a (TSO-C129a) for Class B equipment.  Provided that the TESIS differential GPS receiver fully complies with the other requirements of this PD, no additional certifications are necessary. 

4.2
LAAS Correction 

4.2.1
LAAS Available

When LAAS data is available, the TESIS differential GPS receiver shall make maximum use of all information supplied from the LAAS in arriving at a solution to determine the position and other state data for the platform on which TESIS is installed.

4.2.2
LAAS Unavailable

When LAAS data is unavailable, the TESIS differential GPS receiver shall function in compliance with its underlying TSO-C129a Class B certification.

5.0
Approach Spacing Tools

The Federal Aviation Administration (FAA) shall supply approach spacing algorithms designed to reduce the variance associated with intraarrival spacing at a destination airport.  The contractor shall incorporate these algorithms into the TESIS for demonstration, test and evaluation purposes.

Note 1:
All potential contractors for the TESIS have been previously supplied with algorithms to be used in the Safe Flight 21 Program's OPEVAL 2 conducted at Louisville, KY in November 2000.  These algorithms are not considered sufficiently mature for operational approach spacing applications, and additional development is continuing to refine them for operational use.  It is not anticipated that mature revisions to these tools will be fully operational within the projected contract schedule for the TESIS procurement.  However, the FAA anticipates that some revisions and enhancements will be available during the course of TESIS development.

Note 2:
Appendix C is a MITRE/CAASD internal Working Note from which it may be possible to assess the improvements being consider for the spacing algorithms and to  estimate the level of effort required to incorporate them into TESIS.

6.0
Flight Information Services-Broadcast (FIS-B)

Flight Information Services-Broadcast (FIS-B) provide pilots with non-control, advisory information. The TESIS shall have the capability to receive and display FIS-B information.  

6.1
Broadcast Products Available on ADS-B Links

A common set of FIS-B products will be provided on each of the ADS-B links.   These products are similar to some of the products available through VHF-based, FIS-B vendor systems.  The following products are under consideration for demonstration on the ADS-B links: 

FIS-B Products
· Radar Precipitation Map

· 2 km resolution, centered on MEM, 150 nmi radius, updated every 5 minutes

· Textual Weather Data

· METAR (all wx-reporting airports within 150 nmi), updated as new METARS are issued (usually once per hour)

· Terminal Weather Information for Pilots (TWIP), for all TDWR airports (MEM is one) within 150 nmi of MEM (encodes microburst, windshear, and heavy precipitation warnings, based on TDWR, ITWS, or ASR-9 Weather Systems Processor information)

·  Advisory Data (vector graphical and/or textual)

· Local Notices to Airmen (NOTAMs)

· D-ATIS for airports that currently support D-ATIS via ARINC, updated approximately once per hour (same as METARS)

These products shall be broadcast continuously such that an airborne receiver may obtain a complete update of all products within any 5 minute interval.

To the greatest extent possible the FIS-B information presented to the flight crew should be an exact duplicate of the data provided to the ground broadcast source.  In those cases where partial images or text are received by TESIS, a means shall be provided to indicate to the flight crew where any elements of the airborne data set are not exact copies of the ground data.  

The FIS-B products shall be formatted at the application level in accordance with the Data Link Services (DLS) defined within the FIS-B MASPS.  In addition to the DLS Broadcast-only addressing, FIS-B products shall be formatted with APDU headers, per the FIS-B MASPS.  

6.2
UAT Formats and Signals-in-Space

To the maximum extent practicable, the FIS-B application payload for the UAT shall be in accordance with the most recent working draft version of the “Minimum Aviation System Performance Standards S (MASPS) for Flight Information Services-Broadcast (FIS-B) Data Link” and Section A.3.3.2. of Appendix A to this Purchase Description.  The Contractor is free to incorporate additional revisions to the working draft MASPS as they become available, provided the schedule requirements of this TESIS procurement are met.

6.3 
1090 MHz Extended Squitter FIS-B Formats and Signals-in-Space

FIS-B information delivered on 1090 MHz shall be encoded within Extended Squitters as defined in RTCA Document No. DO-260, “Minimum Operational Performance Standards for 1090 MHz Automatic Dependent Surveillance-Broadcast (ADS-B)”.  These FIS-B Squitters shall have the following values assigned to the Squitter data fields:

DF (bits 1-5) = 18

CF (bits 6-8) = 5

ME (bits 9-88) = FIS-B payload

PI (bits 89-112) = Mode S parity overlaid on Broadcast address of all ZERO’s

The 1090 MHz receiver shall process FIS-B Squitters  with the same error detection and error correction processing as is used for ADS-B and TIS-B Extended Squitters.  The ME fields of all FIS-B Squitters that have DF=18, CF=5, and no detected and uncorrectable errors shall be passed to the FIS-B message assembly function.  The FIS-B message assembly function shall reconstruct the text or image from the collection of individual FIS-B Squitters.  The output of the FIS-B message assembly function shall be FIS-B text or images formatted as an FIS-B APDU.  The FIS-B APDUs are then passed to the Multifunction Displays and Controls processing.  Figure 6-1 is an overview of the FIS-B processing flow in the avionics.  

Note 1:
In FIS-B MASPS terminology the FIS-B message assembly function corresponds to a transformation from packet level (link layer) data elements to FIS-B APDUs (which are then passed to the Multifunction Display and Control processing).  

Note 2:
Once the FIS-B data are assembled as APDUs, further processing of the APDUs is link independent.  

The architecture by which this FIS-B message assembly function is implemented and the method by which assembled text and images are communicated to the rest of TESIS shall be selected by the vendor.  
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Figure 6-1 Functional Description of FIS-B Information Processing

Multiple copies of FIS-B Extended Squitters will be broadcast at rates designed to achieve a desired probability of receiving a complete FIS-B text or image update.  The TESIS FIS-B message assembly function shall be capable of assembling text or images in the presence of redundant copies of some or all of the FIS-B Squitters which make up the text or image.

6.3.1
Government Furnished Data

For the 1090 MHz link, the FAA shall supply the following:

a) 
Where the specific product definitions, identified in Section 6.1, do not currently exist within the MASPS, the required information shall be supplied by the FAA.  (For example, the product descriptor and segmentation settings for NOTAMs are not currently within the FIS-B MASPS and will be supplied.)
b)
An algorithmic description and a sample, C-based implementation of the FIS-B message assembly function shall be supplied by the FAA.

7.0
Surface Map of Memphis Airport

The FAA will supply a surface map of Memphis Airport in a format comparable to that used for OPEVAL 2 at Louisville in October 2000.  The contractor shall provide for the incorporation of this map into TESIS and its selection for the display by flight personnel.

8.0
Multifunction Display and Controls

8.1
Functions

The display shall be designed to provide the following functions:

a.
Aid in the visual acquisition of traffic.

b.
Enhance situational awareness.

c.
Support the implementation of selected CDTI applications.

d.
Reduce probability of losing visual contact with other traffic.

e.
Provide for the display of airport layout diagrams.

f.
Provide for the display of weather and other information transmitted via FIS-B.

The display requirements contained herein define new technology that can be implemented as either a stand-alone display or in combination with existing equipment (e.g., on currently installed TCAS displays).  If the latter alternative is chosen, the display of CDTI and FIS-B information shall not affect the function of the existing display.  This does not prohibit the implementation of new display modes on the existing display that may not include the functions of the existing display.  Conversely, if a stand-alone display is used, it shall display information from existing, installed equipment, e.g., TCAS.

The display shall comply with the requirements of DO-185A, Section 2.2.6.1.2.1.12.

8.2
Physical Characteristics

8.2.1
Color

The display shall provide the capability to display a minimum of 256 colors.

8.2.2
Size

The display shall provide a display size of approximately six inches when measured diagonally and shall provide a viewing area of at least 15 square inches.  The display can be oriented in either a vertical or horizontal orientation.

8.3
General Characteristics

The following sections provide the general characteristics for the cockpit display of ADS-B and TIS-B traffic information provided by either a 1090 MHz or UAT system.  In those instances where the TESIS display is integrated with an existing cockpit display (e.g., TCAS Traffic Display or navigation display), the characteristics of common symbology (e.g., own aircraft and range marks, navigation and weather data) of the existing equipment shall be used.  ADS-B and TIS-B traffic symbols shall be unique and easily distinguishable from those used by TCAS (reference RTCA DO-185A Section 2.2.6).  When the TESIS display shares a TCAS display and TCAS is installed on the host aircraft, the display shall comply with RTCA DO-185A, Sections 2.2.6.1, 2.2.6.5.1, 2.2.6.5.2, and 2.2.6.6.2.  

Note 1:
As used in this PD, the term “TCAS” includes implementations that use a surveillance design that is in conformance with DO-185A, as well as those implementations that use hybrid surveillance.

Note 2:
As used in this Section of the PD, the terms “ADS-B” and “TIS-B” include broadcast information received via either a 1090 MHz or UAT system.

8.3.1
Own Aircraft Symbol

The display shall contain a symbol representing the location of the own aircraft.  The color of the symbol shall be either white or cyan and different than that used for the display of any other traffic depicted on the display.  The own aircraft symbol shall be directional, i.e., a shape that indicates the track or heading of the own aircraft shall be used.

Note:  Cyan is the preferred color of the own aircraft symbol 
8.3.2
Display Range

The display shall be a variable range display and provide the capability to display traffic information at pilot-selected ranges between 0.125 nm and 100 nm.  The range selection shall be made in discrete steps 
8.3.3
Range Markings

One or more range marks or rings shall be placed at specified radii from the own aircraft symbol.  The inner range ring shall not be solid and shall be comprised of discrete markings at each of the twelve clock positions when the selected display mode and range permit the twelve clock positions to be displayed.  Should the selected display mode and range not permit the display of all twelve clock positions, the markings that fall within the selected range shall be displayed.  The markings shall be the same color as the own aircraft symbol and of a size and shape that will not clutter the display.  A single set of range marks shall be used for all information depicted on the display.  An outer range mark shall be shown at the maximum range of the display as selected by the pilot.

The range markings shall have a unique shape that is readily discernable from other symbology used on the display.

For display ranges of less than four miles and more than 12 miles, the inner range mark shall be provided at a distance one-half that of the selected range.  For display ranges between four and 12 miles, the inner range mark shall be provided at three nautical miles.

8.3.4
Traffic Symbology

8.3.4.1
General Requirements 

a.
Color and shape shall be used to identify the source of all displayed traffic.

b.
All symbols used on the display shall be unique and used for only one purpose.  Traffic symbols used by TESIS shall be different from those used for TCAS as contained in Section 2.2.6.1.2.1.3 of RTCA DO-185A.

8.3.4.2
Traffic Symbols

a.
The symbol for ADS-B traffic shall be a white or cyan filled chevron.  The color of the chevron shall be different than that used for the own aircraft symbol (see Section 8.3.1) to ensure the symbol is readable.  
b.
The symbol for ADS-B traffic that has been selected by the pilot shall be an outlined, white or cyan filled chevron.  The color of the chevron shall be different than that used for the own aircraft symbol (see Section 8.3.1) to ensure the symbol is readable.  Because the chevron shape denotes directionality, this symbol shall only be used when the traffic’s ground track can be determined within five degrees.  When the traffic’s ground track cannot be determined within five degrees, the symbol for ADS-B generated traffic shall be a square cross, i.e.,         .  When the chevron symbol is used, the point of the chevron shall indicate the direction of the traffic’s ground track.
c.
The symbol for traffic provided by the Traffic Information Service-Broadcast (TIS-B) shall be a filled OR gate symbol   Because this shape denotes directionality, this symbol shall only be used when the traffic’s ground track can be determined within five degrees.  When the traffic’s ground track cannot be determined within five degrees, the symbol for TIS‑B traffic shall be a double triangle, i.e,       .  When the OR gate symbol is used, the rounded end of the symbol shall indicate the direction of the traffic’s ground track 
d.
The symbol for aircraft traffic that is determined to be on the ground by the ADS-B and TIS-B function shall have a different color than for traffic defined above.  The symbol for traffic that is on the ground shall be able to indicate the traffic’s heading or track when this information is available for the traffic.  Different symbols shall be used for ground vehicles. 
8.3.5
Traffic Information

8.3.5.1
Traffic Location

Each traffic symbol shall be depicted at a location representing its relative range and bearing from the own aircraft.

8.3.5.2
Altitude Data Tag

A data tag shall indicate the relative altitude, if available, of the traffic and shall consist of two digits indicating the altitude difference in hundreds of feet.  For traffic above own aircraft, the tag shall be placed above the traffic symbol and preceded by a “+” sign; for traffic below own aircraft, the tag shall be placed below the traffic symbol and preceded by a “-” sign.  

Note:
It is recommended that the “+” or “-” character be emphasized by using a slightly larger character set than that used for the digits.

The tag for co-altitude traffic shall be displayed as the digits “00”.  The “00” characters should be placed above the symbol if the intruder aircraft closed from above; below the symbol if the intruder aircraft closed from below.  If no trend information is available, the co-altitude “00” symbol should be placed below the traffic symbol. 

The color of the altitude data tag shall be the same as the symbol.

The display shall be capable of displaying relative altitudes of up to a maximum of ±9900 feet.

The data tag may indicate the traffic’s reported altitude instead of the relative altitude between the two aircraft.  A switch shall be provided to permit a pilot to select the display of the traffic’s reported altitude.  If the actual altitude is to be shown on a continuous basis after selection by the flight crew, it shall be corrected for the local barometric pressure using the same correction used by the own aircraft.  If the actual altitude is not corrected for the local barometric pressure, the display of this type of data tag shall be limited to a maximum of 30 seconds if the own aircraft is below 18,000 feet (FL180) before it automatically reverts back to the display of relative altitude.  When the display of the actual altitude is selected, it shall be clearly annunciated on the display.  If implemented, the actual altitude shall be displayed as a three digit number representing hundreds of feet, MSL.  For example, 007 represents 700 feet MSL and 250 represents 25,000 feet MSL (FL250).  Actual altitude tags shall be positioned above or below the traffic symbol in a manner consistent with the relative altitude data tags.  As with the display of relative altitude, the display shall be capable of displaying tracked traffic up to a maximum of ±9900 feet of the own aircraft.

When the display of actual altitude is selected, absolute altitude shall be displayed for all traffic.  When the display of actual altitude is selected, the altitude of the own aircraft shall also be displayed on the traffic display.  The own aircraft altitude is not required to be displayed immediately adjacent to the own aircraft symbol.

8.3.5.3
Vertical Speed Arrow

A vertical arrow shall be placed immediately adjacent to the traffic symbol if the vertical speed of the traffic is equal to or greater than 500 fpm, with the arrow pointing up for climbing traffic and down for descending traffic.  The color of the arrow shall be the same as the traffic symbol.  The vertical arrow shall be placed to the right of any non-directional symbol.  For directional symbols, the vertical arrow shall be located in a position that does not hinder the display of the directional indication.  In all cases, the arrow shall be oriented so that it points to the top or bottom of the display.
8.3.5.4
Non-Altitude Reporting Traffic

Neither a data tag nor a trend arrow shall be associated with the symbol for traffic that is not reporting altitude.  The colors described in Section 8.3.4.2 shall be used for the display of non-altitude reporting traffic.

8.3.5.5
Display of Other Traffic Information

For TESIS which incorporates TCAS II, whenever a TCAS RA or a TA occurs, all intruders causing an RA or TA, all TCAS Proximate Traffic and all ADS-B and TIS-B traffic within the selected display range, subject to any limitations to the maximum number of intruders that can be shown on the display, shall be displayed.  It is recommended that TCAS Other Traffic within the selected display range also be displayed to maximize the probability of the pilot visually acquiring the intruder causing the RA or TA.  Any ADS-B or TIS-B traffic that was displayed at the time of the RA or TA shall remain displayed, except that duplicate targets shall be handled in accordance with 3.3.2.3.1. (Only for TESIS incorporating TCAS II).  The display of such traffic shall contain only its associated altitude and vertical speed arrow and shall be decluttered of all other ADS-B or TIS-B information.
Note:  It is anticipated that TESIS incorporating TCAS II equipments will have such equipments operating in full TA/RA mode for most demonstrations and tests.

8.3.5.6
Number of Aircraft Displayed

The display shall have the capability to display a minimum of eight aircraft or ground vehicles.

8.3.5.7
Priority of Aircraft Displayed

The TESIS shall provide a means of ensuring that the traffic representing the highest threat level are displayed.  Traffic shall be prioritized as follows (highest priority shown first): TCAS RA, TCAS TA, Pilot-selected ADS-B traffic, TCAS Proximate Traffic, and then TCAS Other, ADS-B and TIS-B traffic based on range from the own aircraft.

8.3.5.8
Altitude Band for the Display

The normal altitude band for the display of traffic having an established surveillance track shall be ±2700 feet from the own aircraft.  If traffic causing a TA or RA is outside this altitude band, it shall be displayed with the appropriate relative or reported altitude displayed.  TCAS Proximate, TCAS Other Traffic, ADS‑B traffic, and TIS-B-provided traffic that are outside the normal altitude band may also be displayed while a TA or RA is displayed as defined in Section 8.3.5.5.

A pilot selectable mode shall be provided to permit the expansion of the normal altitude band.  Two additional modes, Above and Below, shall be provided.  In the Above mode, tracked traffic shall be displayed if it is within the altitude band from 2700 feet below the own aircraft up to a maximum that shall not exceed 9900 feet above the own aircraft.  In the Below mode, tracked traffic shall be displayed if it is within the altitude band from 2700 feet above the own aircraft down to a maximum that shall not exceed 9900 feet below the own aircraft.  The upper and lower bounds of the Above and Below mode shall be fixed and not variable.

As an option, a pilot selectable mode may be provided to permit the simultaneous selection of the Above and Below mode.

8.3.5.9
Pilot-Selectable Information

Additional information regarding displayed traffic shall be shown if selected by the pilots.  When this information is shown, it shall meet the following requirements.  This additional information may be displayed as part of the traffic symbols’ data tag or as part of a data block for a pilot-selected target.  

The data tag provides additional information for all displayed traffic and is located in immediate proximity to the displayed traffic.  See Section 8.3.5.10

The data block provides information for only a single, pilot-selected target and is located in a fixed area of the display that is not necessarily adjacent to the traffic symbol.  The data block allows for the display of more information than that provided in the data tags.  See Section 8.3.5.11.

8.3.5.9.1
Horizontal Velocity Vector 
The horizontal velocity vector provides a graphic display depicting the magnitude and direction of the displayed traffic’s horizontal velocity.  The horizontal velocity vector shall provide a representation of where the displayed traffic will be at some time in the future.  The length of the horizontal velocity vector shall be pilot selectable and have a selectable range between one minute and five minutes.  The pilot selected time shall not change as the pilot changes the display range.
When this display feature is selected, a horizontal velocity vector shall be provided for all traffic symbols that indicate directionality, including own aircraft.

The horizontal velocity vector shall be displayed for both airborne traffic and traffic that is on the ground.

8.3.5.9.2
Traffic Identification

Traffic identification may also be referred to as flight identification or flight ID.  The traffic identification may be, but is not limited to, the ICAO standard aircraft identification, the aircraft flight number, call sign, or the tail number.

The display format for the traffic identification shall be a maximum of eight alphanumeric characters.

Note 1: Traffic identification will not be available for all traffic.

Note 2: Selected ground vehicles will be provided a unique identification that is of a similar format to that used for the aircraft identification.

The traffic identification may be displayed in either a data tag or a data block.  The same format shall be used in both the data tag and the data block.

8.3.5.9.3
Closure Rate

When closure rate is selected for display, it may be displayed either graphically or alphanumerically.  

A positive closure rate (i.e. traffic is getting closer) shall be distinguishable from a negative closure rate (i.e. traffic is getting farther away).

If the closure rate is shown alphanumerically, the closure rate shall be displayed as knots.  The display shall provide the capability to show closure rates of up to 999 knots, with a one knot resolution.  The alphanumeric information for closure rate in the data tag shall have the following format:



C+XXX

or
C-XXX

where “C” indicates that the displayed data is the closure rate; “+” indicates the traffic is getting closer; the “–”indicates the traffic is getting further away; and XXX provides the closure rate in knots.

Note:
It is recommended that the “+” or “-” character be emphasized by using a slightly larger character set than that used for the digits.

The closure rate may be displayed in either a data tag or a data block.  The same format shall be used in both the data tag and the data block. 

8.3.5.9.4
Ground Speed

The display shall provide the capability to show an airborne aircraft’s ground speed of up to 999 knots, with a one knot resolution.  If the traffic’s ground speed is greater than 999 knots, the ground speed field shall indicate this by showing the ground speed as 999+.  The ground speed information in the data tag shall have the following format:



GS XXX

where “GS” indicates that the displayed data is the ground speed and XXX provides the ground speed in knots.

For vehicles and aircraft that are on the ground, ground speeds of up to 99 knots shall be shown with a one knot resolution.  If the traffic’s ground speed is greater than 99 knots, the ground speed field shall indicate this by showing the ground speed as 99+.  The ground speed information in the data tag shall have the following format:



GS XX

where “GS” indicates that the displayed data is the ground speed and XX provides the ground speed in knots.

The ground speed may be displayed in either a data tag or a data block.  The same format shall be used in both the data tag and the data block. 

8.3.5.9.5
Range

The display shall provide the capability to show an aircraft’s range, measured from the own aircraft.  The display shall provide the capability to show ranges of up to 99 nautical miles, with a one nm resolution for aircraft that are airborne.  If the traffic’s range is greater than 99 nm, the range field shall indicate this by showing the range as 99+.  The range information in the data tag shall have the following format:



R XX

where “R” indicates that the displayed data is the traffic’s range and XX provides the range in nautical miles.

For vehicles and aircraft that are on the ground, ranges of up to 2 nm shall be shown with a one tenth nm resolution.  If the traffic’s range is greater than 2 nm, the range field shall indicate this by showing the range as 2+.  The range information in the data tag for vehicles or aircraft on the ground shall have the following format:



R X.X

where “R” indicates that the displayed data is the range and X.X provides the range in nautical miles.

The range may be displayed in either a data tag or a data block.  The same format shall be used in both the data tag and the data block. 

8.3.5.9.6
Traffic Category

The display shall provide the capability to show the traffic’s weight category.  The traffic category information in the data tag shall use up to three alphabetic characters to display the category.  It is recommended that the abbreviations shown in Table 8-1 be used to indicate the traffic’s category.  Additional categories may be defined and displayed.

The traffic’s category may be displayed in either a data tag or a data block.  The same format shall be used in both the data tag and the data block. 

Table 8-1.  Traffic Category Definition

	Category Abbreviation
	Meaning

	LT
	Aircraft with maximum weight less than 15,500 lbs

	MED
	Aircraft with maximum weight between 15,500 and 75,000 lbs

	VTX
	Aircraft with strong wake vortices (e.g., Boeing 757)

	LRG
	Aircraft with maximum weight between 75,001 and 255,000 lbs

	HVY
	Aircraft with maximum weight greater than 255,000 lbs

	VEH
	Surface vehicle


8.3.5.10
Data Tags

8.3.5.10.1
Data Tag for Airborne Traffic

A data tag may be displayed for all airborne traffic having the desired information to be displayed available.  A data tag shall always include the traffic’s altitude as defined in Section 8.3.5.2.  The data tag may include a maximum of two additional data fields that are selected by the pilot.  The data tag shall be displayed immediately above the altitude data tag if the traffic is above the own aircraft and immediately below the altitude data tag if the traffic is below the own aircraft.  If the traffic is not reporting altitude, the data tag shall be placed above the traffic symbol.

The additional information in the data tag shall consist of two fields separated by a forward slash (/).  Each data field shall be capable of displaying eight alphanumeric characters.  The information contained in the data tag shall be selected by the pilot and shall be the same for all displayed traffic.  In the event that the selected information is not available for any displayed traffic, the data field for that traffic shall be shown as a series of dashes (-----).  The left data field shall contain the last information selected by the pilot.  If both data fields are in use and the pilot selects another piece of information for display, the information shown to the right of the slash shall be deleted and the information previously shown in the left data field shall move to the right data field.

All information contained in the data tag shall be the same color as the associated traffic symbol.

Any of the Pilot-Selected Information elements described in Section 8.3.5.9.2 through Section 8.3.5.9.6 can be displayed in the data tag when selected by the pilot.

8.3.5.10.2
Data Tag for ADS-B and TIS-B Traffic that is On the Ground

A data tag may be displayed for all vehicles and aircraft that are on the ground and have the desired information available to be displayed.  The data tag shall be located in proximity to the traffic symbol and the relationship between the traffic symbol and the data tag shall be readily discernable.  A data tag shall include the traffic’s identification (See Section 8.3.5.9.2).  The data tag may also include a maximum of two additional data fields that are selected by the pilot.  The traffic’s identification shall be displayed above the traffic symbol and additional data shall be displayed immediately below the traffic symbol.

Additional information in the data tag shall consist of two fields separated by a forward slash (/).  Each data field shall be capable of displaying a maximum of eight alphanumeric characters.  The information contained in the data tag shall be selected by the pilot and shall be the same for all displayed traffic.  In the event that the selected information is not available for any displayed traffic, the data field for that traffic shall be shown as a series of dashes (-----).  The left data field shall contain the most recent data field selected by the pilot.  If both data fields are in use and the pilot selects another piece of information for display, the information shown to the right of the slash shall be deleted and the information previously shown in the left data field shall move to the right data field.

All information contained in the data tag shall be the same color as the associated traffic symbol.

Any of the Pilot-Selectable Information elements described in Section 8.3.5.9.2 through Section 8.3.5.9.6 can be displayed in the data tag when selected by the pilot.

8.3.5.11
Data Block 

A data block shows additional information about a target selected by the pilot.  Only one target can be selected at any given time.  The data block shall be placed in a fixed location on the display that does not interfere with other displayed information.  Some of the data elements presented in the data block may be the same as those presented in a data tag.  The contents of the data block shall be selectable by the pilot.  The data block for airborne traffic can include any or all of the following information regarding the selected target: range, closure rate with own aircraft, ground speed, aircraft category, and aircraft identification.  The data block for traffic that is on the ground can include any or all of the following information regarding the selected target: range, ground speed, aircraft/vehicle category, and aircraft/vehicle identification.

8.3.5.12
Overlapping Targets 

In the event that one or more targets overlap on the display, the target having the highest priority, as defined in Section 8.3.5.7, shall be readily discernable to the flight crew.

8.3.6
Flight Information Service – Broadcast (FIS-B)

In addition to displaying traffic, the display shall be capable of presenting information provided by FIS-B to the pilot.  FIS-B is a service that uplinks weather or other aeronautical information of general interest to pilots.  This non-control information may consist of graphical weather images, textual weather data, NOTAMS, special use airspace status, terrain, etc.  

8.3.7
Display Orientation

The displayed traffic data shall be consistent with the other information shown on the display, e.g., heading up or track up.  Heading up is the preferred orientation for the display of traffic information.

8.3.8
Annunciations

8.3.8.1
Mode Annunciations

The display shall provide the following mode annunciations:

a.
Selected display range.  (Level 0 annunciation)

b.
Altitude band of the display.  (Level 0 annunciation)

c.
Sensors/systems providing data to the display.  (Level 0 annunciation)

8.3.8.2
ADS-B Annunciations

The display shall be capable of annunciating when ADS-B is in Standby or turned off (Level 0 annunciation).

8.3.8.3
TIS-B Annunciations

The display shall be capable of annunciating when TIS-B is in Standby or turned off (Level 0 annunciation).

8.3.8.4
FIS-B Annunciations

The display shall be capable of annunciating when FIS-B is in Standby or turned off (Level 0 annunciation).

8.4
Display Modes

The display shall provide the following, pilot selectable display modes.  Additional modes may be provided.

Note:  The display should provide the capability to depict traffic that is detected and tracked by TCAS when the display is installed on an aircraft equipped with TCAS.  The inclusion of this display mode does not require TCAS to be part of the TESIS or to be installed on any aircraft.
a.
TCAS Only.  The only traffic information displayed is that provided by TCAS.

b.
ADS-B and TIS-B Only.  The only traffic information displayed is that provided by an ADS-B system and a TIS-B system.  

c.
FIS-B Only.  No traffic information will be displayed in this mode.  Weather and other information requested by the pilot will be available for display.

d. Multi-sensor Modes.  The pilot shall be provided with the capability to add additional data from other sensors to the three single sensor displays shown in Item a., b., and c.  As a minimum, the following combinations shall be provided.

1.
TCAS, ADS-B, and TIS-B

2.
TCAS and FIS-B-provided graphical weather or graphical terrain data

3.
ADS-B, TIS-B and FIS-B-provided graphical weather or graphical terrain data 

4.
TCAS, ADS-B, TIS-B, and FIS-B-provided graphical weather or graphical terrain data 

8.4.1
Map Overlays

The display shall provide the capability to display map overlays that depict airport layouts.  The display of the maps shall be pilot selectable.  Maps shall be displayed only when a display mode is selected that includes display of ADS-B, TIS-B or FIS-B information.  If the selected display mode does not include ADS‑B, TIS-B or FIS‑B data, the display of any selected map overlay shall be inhibited.  When the overlay is displayed, the own aircraft position and the position of other aircraft and vehicles shall be depicted on the display.

8.4.2
TCAS Display Enable

When TESIS and TCAS are installed and operational, TCAS traffic information shall be automatically displayed when a TA or RA is issued even when the manually selected display mode does not display TCAS data.  When TCAS traffic information is automatically displayed, the requirements of Section 8.3.5.5 shall apply.  Once the TA or RA is removed, the display shall automatically return to the configuration selected prior to the TA or RA and the data tags shall be automatically restored.

8.4.3
Evaluation Only Mode

The display shall provide the following display modes to be used only during the FAA and industry Operational Evaluations.  Additional modes may be defined as the scope of the Operational Evaluations change.

8.4.3.1
Hybrid Surveillance Evaluation Mode

A mode shall be provided to support qualitative assessments of the performance of the hybrid surveillance function.  In this mode, only TCAS and ADS-B data shall be displayed.  The symbology for the displayed traffic shall be the same as that defined in Section 8.3.4.  However, when this mode is selected, the display shall provide an indication of the surveillance mode being used for tracking each displayed aircraft.  This indication shall be one of the following alphabetic characters and shall be placed on the opposite side of the traffic symbol than the altitude data block.  The surveillance status of each displayed aircraft shall be provided by the hybrid surveillance function (See Section 3.2).  The surveillance status indications shown in Table 8-2 shall be used.

Table 8-2.  Hybrid Surveillance Evaluation Display Mode Indications

	Indication
	Meaning

	A
	ADS-B surveillance only

	AV
	ADS-B surveillance that has been initially validated by the TCAS active surveillance

	AT
	ADS-B surveillance that is being validated by the TCAS active surveillance every 10 seconds

	T
	TCAS active surveillance only


8.5
Controls

The actual implementation of the display controls will depend on the design approach selected by the manufacturer.  The controls may be implemented on a stand alone control panel, combined with existing control panels, or incorporated into the display itself.  If the traffic display controls are integrated with existing controls, the addition of these controls shall not alter or interfere with the function or use of the existing controls.  The controls shall provide the functions defined in the following sections and comply with the requirements contained in each section.  The position of all controls shall be readily discernible by inspection.

8.5.1
Operation of Controls

Controls shall provide feedback (e.g., tactile, visual) when operated and controls shall be resistant to inadvertent activation.  Controls shall be operable with one hand.

8.5.2
Use of Multi-Function Controls

If a control can be used for multiple functions, the current function being controlled shall be clearly indicated immediately adjacent to the control.

8.5.3
Location of Controls

Controls shall be designed such that they are readily accessible to the flight crew.

8.5.4
Organization of Controls

Controls shall be organized according to the following principles:

a.
The most frequently used controls shall be placed in the most accessible locations.

b.
The controls shall be partitioned into functional groups.

c.
The controls shall be arranged according to the sequence of use.

8.5.5
Range Selection

A switch or other means shall be provided to permit the desired display range to be selected.

8.5.6
Mode Selection

A switch or other means shall be provided to permit any of the display modes defined in Section 8.4.

8.5.7
Map Overlay Selection

A switch or other means shall be provided to enable the display of the map overlays defined in Section 8.4.1.  A separate means shall be provided to allow the flight crew to review a list of available map overlays and to select the overlay to be displayed.

8.5.8
Target Selection

A control shall be provided to permit the flight crew to select any displayed target to obtain additional information on the target or to support operational applications.

8.5.9
Data Tag Contents

A control shall be provided to permit the flight crew to enable and disable the display of data tags.  A control shall be provided to permit the flight crew to select the information to be displayed in the data tag for each displayed aircraft.

8.5.10
Data Block Contents

A control shall be provided to permit the flight crew to enable and disable the display of a data block.  A control shall be provided to permit the flight crew to select the information to be displayed in the data block for a selected target.

8.5.11
Altitude Range Selection

A switch or other means shall be provided to permit the vertical range of the display to be controlled.  The control panel markings for the selector shall use the annotations of Above, Normal, and Below, or a suitable abbreviation of these words.

8.5.12
Display of Actual Altitude

A switch or other means shall be provided to select between the display of relative and actual altitude in the altitude data block of each displayed aircraft.

8.5.13
Display Brightness

A control shall be provided to adjust the brightness of the display so that is remains readable under all anticipated flight deck illumination conditions.

8.6
Interfaces

8.6.1
Required Interfaces  

The display shall accept information from the following systems/sensors and external devices.

a.
TCAS (in aircraft so equipped)

b.
ADS-B

c.
TIS-B

d.
FIS-B

e.
Data loader or other means to update information stored in the display

The inputs from these various sensors may be combined into one or more set of data prior to being transmitted to the display.  All traffic information to be displayed shall be combined into a single set of data prior to being passed to the display to facilitate compliance with the requirements of Section 8.3.5.7.

9.0
Data Recorder Requirements

The TESIS Data Recorder shall meet all the following requirements.

9.1
Capacity

9.1.1
Storage Media

The recorder shall use readily available, commercial off-the shelf storage media that:

a.
is easily replaceable for purposes of data transfer; 

b.
has readily available, commercial off-the shelf equipment that is easily interfaced to a contemporary, non Mackintosh PC, for data download purposes; and

c.
has sufficient capacity to hold the volume of data estimated to fulfill all the recording requirements in this PD for a four (4) hour flight in high-density airspace. 

9.1.2
Processing and Data Transfer

The data recorder shall have the processing capability and data transfer capacity to fulfill all the recording requirements in this PD, at the estimated data rate for high-density airspace, in real time without the loss of any data.  

9.1.3
Density Estimate

For the purposes of this PD, the estimate for high-density airspace will be that track files will be maintained for 30 aircraft along with all of the messages associated with those aircraft from the various data sources.

9.2
Messages

9.2.1
Flexible Message Selection

The messages to be recorded shall be individually selectable at startup.  A means to define recording configurations shall be provided.  This can take the form of multiple configurations that can be edited, saved and later selected for reuse, or an input script file that defines the recording options, which can be edited and stored off line.

9.2.2
Message Definitions

Messages shall be defined to capture data at each processing stage of the system with sufficient detail to identify the source of the data and to trace the functioning of the system.  As a minimum, the message definitions shall include:

a. System version identification

b. Data loss log  

c. Raw messages received that meet the quality checks to be useable for each of the receive subsystems implemented (ADS-B, TIS-B, LAAS, FIS-B, TCAS...)

d. Own data inputs 

e. Own ship state 

f. Processed data / Track files

g. Derived data for each application 

h. System outputs (Interrogations, broadcasts, display outputs)

The definitions shall include some means to associate the data from different stages of processing for an individual “Other Aircraft” i.e. Track numbers/ Aircraft IDs / reply number.

Complete definitions of the messages recorded shall be provided.

All times shall be traceable to UTC and recorded with a precision of no more than +/- 1.0 milliseconds.

9.2.3
Logging of Data Loss 
A message shall be defined that provides a count of the messages that the system was unable to record.   It should be the first message recorded after a period of data loss.  This provides confirmation of lost data and an estimate how much was lost.
9.3
Display and Controls Recording
a.
Display State/Status    


The system shall record the state of display options and operating status every 30 seconds, and when conditions change. The state includes, but is not limited to, display health, selected display mode, range, altitude window, filtering options, software version, and serial number.

b.
Display Data


All surveillance (ADS-B, TIS-B, TCAS) and flight information service (FIS-B) data blocks transmitted to the display system will be recorded with a time tag with a resolution of 10 milliseconds or less and traceable to UTC.  The time tag refers to when the data is sent to the display.  

The target information shall include a track number or code to permit traceability to its associated track file.  If a bitmap is to be sent to the display, a unique code identifying the bitmap shall be recorded.  Bitmaps shall not be recorded.
c.
Control Panel State/Status


The system shall record the state of control panel options and operating status every 30 seconds, and when conditions change. The state includes, but is not limited to, control panel health, any key press or switch toggle, current mode (if changed by a sequence of key presses or switch toggle), software version, and serial number.

Provision shall be made to allow project personnel to disable recording of the display and controls.  

In the event the ADS-B/FIS-B equipment is designed such that recording of display subsystem messages is suppressed during periods of processor overload, a message will be recorded, upon recovery from the overload, indicating the time tag of the last valid display/control panel state message.  Also, the electrical interface characteristics and data formats will be provided to allow external recording of the display and control panel busses to assure continuous data collection in airspace where processor overload is possible.  

APPENDIX A

MESSAGE FORMATS
FOR USE WITH THE

AIRCRAFT TEST AND EVALUATION SURVEILLANCE AND INFORMATION SYSTEM (AIR TESIS)

Appendix A to AND-530 Document Control Number 122000-1V2
Appendix A

Message Formats

A.1

DF17 Message Formats

The following formats are defined in RTCA Document No. DO-260, Appendix A.

A.1.1

BDS code 0,5 – Extended Squitter Airborne Position  

A.1.2

BDS code 0,6 – Extended Squitter Surface Position

A.1.3
BDS code 0,8 – Extended Squitter Identification and Category 

A.1.4

BDS code 0,9 – Extended Squitter Airborne Velocity

A.2  

DF18 Message Formats

A.2.1  
TIS-B Fine Airborne Position Format

Note:  References within the TIS-B formats refer to RTCA Document No. DO–260, Appendix A.

	1
	

	2
	

	3
	FORMAT TYPE CODE

	4
	(See A.4.1 and Note 1)

	5
	

	6
	SURVEILLANCE STATUS 

	7
	

	8
	Reserved

	9
	

	10
	

	11
	ALTITUDE

	12
	Specified by the Format Type Code

	13
	

	14
	(1) the altitude code (AC) as specified

	15
	in section 2.2.13.1.2  of DO-181B  but 

	16
	with the M-bit removed

	17
	(Ref ARINC 429 Label 203), or

	18
	

	19
	(2) GNSS height  (HAE)  

	20
	(Ref. ARINC 429 Label 370)

	21
	Mode S = 0, ATCBS = 1

	22
	CPR FORMAT (F)  (See A.4.2.1)

	23
	MSB

	24
	

	25
	

	26
	

	27
	

	28
	

	29
	

	30
	ENCODED LATITUDE

	31
	

	32
	(CPR Airborne Format

	33
	See A.7.1 to A.7.5)

	34
	

	35
	

	36
	

	37
	

	38
	

	39
	LSB

	40
	MSB

	41
	

	42
	

	43
	

	44
	

	45
	

	46
	

	47
	ENCODED LONGITUDE

	48
	

	49
	(CPR Airborne Format

	50
	See A.7.1 to A.7.4)

	51
	

	52
	

	53
	

	54
	

	55
	

	56
	LSB





Purpose:  To provide accurate airborne position information

Surveillance Status coding

0 = no condition information

1 = permanent alert (emergency condition)

2 = temporary alert (change in Mode A identity code other than emergency condition)


applies to Mode S Aircraft only

3 = SPI condition

Codes 1 and 2 take precedence over code 3.
A.2.2  
TIS-B Fine Airborne Velocity Format

(Subtypes 1 and 2: Velocity Over Ground)

BDS 0,9
	1
	MSB
1

	2
	
0

	3
	FORMAT TYPE  CODE = 19
0

	4
	
1

	5
	LSB
1

	6
	SUBTYPE 1
0
	SUBTYPE 2  
0

	7
	
0
	
1

	8
	
1
	
0

	9
	

	10
	Reserved

	11
	

	12
	

	13
	

	14
	DIRECTION BIT for E-W velocity  (0=East, 1=West)

	15
	EAST-WEST VELOCITY (10 bits)

	16
	NORMAL : LSB = 1 knot
	SUPERSONIC : LSB =4 knots

	17
	All zeros = no velocity info
	All zeros = no velocity info

	18
	Value
	Velocity
	Value
	Velocity

	19
	1
	0 kts
	1
	0 kt

	20
	2
	1 kt
	2
	4 kt

	21
	3
	2 kt
	3
	8 kt

	22
	-
	-
	-
	-

	23
	1022
	1021 kt
	1022
	4084 kt

	24
	1023
	>1021.5 kt
	1023
	> 4086kt

	25
	DIRECTION BIT for N-S velocity  (0=North, 1=South)

	26
	NORTH-SOUTH VELOCITY (10 bits)

	27
	NORMAL : LSB = 1 knot
	SUPERSONIC : LSB =4 knots

	28
	All zeros = no velocity info
	All zeros = no velocity info

	29
	Value
	Velocity
	Value
	Velocity

	30
	1
	0 kts
	1
	0 kt

	31
	2
	1 kt
	2
	4 kt

	32
	3
	2 kt
	3
	8 kt

	33
	-
	-
	-
	-

	34
	1022
	1021 kt
	1022
	4084 kt

	35
	1023
	>1021.5 kt
	1023
	> 4086kt

	36
	Reserved

	37
	SIGN BIT FOR VERTICAL RATE: 0 = up, 1 = down

	38
	VERTICAL RATE (9 bits)

	39
	All zeros – no vertical rate information, LSB = 64 ft/min

	40
	Value
	Vertical rate
	

	41
	1
	0 ft/min
	

	42
	2
	64 ft/min
	

	43
	-
	-
	

	44
	510
	32576  ft/min
	

	45
	511
	> 32608 ft/min
	

	46
	
	
	

	47
	Reserved

	48
	

	49
	

	50
	

	51
	

	52
	
	
	

	53
	
	
	

	54
	
	
	

	55
	
	
	

	56
	
	
	

	
	
	
	





Purpose:  To provide additional state information for both normal and supersonic flight.

A.2.3  
TIS-B Fine Identification and Category Format

BDS 0,8

	1
	

	2
	

	3
	FORMAT TYPE CODE

	4
	(See  A.4.1)

	5
	

	6
	

	7
	AIRCRAFT CATEGORY

	8
	

	9
	MSB

	10
	

	11
	CHARACTER 1

	12
	

	13
	

	14
	LSB

	15
	MSB

	16
	

	17
	CHARACTER 2

	18
	

	19
	

	20
	LSB

	21
	MSB

	22
	

	23
	CHARACTER 3

	24
	

	25
	

	26
	LSB

	27
	MSB

	28
	

	29
	CHARACTER 4

	30
	

	31
	

	32
	LSB

	33
	MSB

	34
	

	35
	CHARACTER 5

	36
	

	37
	

	38
	LSB

	39
	MSB

	40
	

	41
	CHARACTER 6

	42
	

	43
	

	44
	LSB

	45
	MSB

	46
	

	47
	CHARACTER 7

	48
	

	49
	

	50
	LSB

	51
	MSB

	52
	

	53
	CHARACTER 8

	54
	

	55
	

	56
	LSB





Purpose: To provide aircraft identification and category.

Type coding:

1
=
Aircraft identification, category set D

2
=
Aircraft identification, category set C

3
=
Aircraft identification, category set B

4
=
Aircraft identification, category set A

ADS-B Emitter Category coding:

Set A

0
=
No ADS-B Emitter Category Information

1
=
Light (< 15 500 lbs.)

2
=
Small (15 500 to 75 000 lbs.)

3
=
Large (75 000 to 300 000 lbs.)

4
=
High Vortex Large(aircraft such as B-757)

5
=
Heavy (> 300 000 lbs.)

6
=
High Performance ( > 5 g acceleration and > 400kts)

7
=
Rotorcraft

Set B

0
=
No ADS-B Emitter Category Information

1
=
Glider/sailplane

2
=
Lighter-than-Air

3
=
Parachutist/Skydiver

4
=
Ultralight/hang-glider/paraglider

5
=
Reserved

6
=
Unmanned Aerial Vehicle

7
=
Space/Trans-atmospheric vehicle

Set C

0
=
No ADS-B Emitter Category Information

1
=
Surface Vehicle – Emergency Vehicle
2
=
Surface Vehicle – Service Vehicle

3
=
Fixed Ground or Tethered Obstruction

4-7  =  Reserved

Set D : Reserved

Aircraft identification coding (A.4.4):

A.2.4  
TIS-B Fine Surface Position Format

BDS 0,6

	1
	

	2
	

	3
	FORMAT TYPE CODE

	4
	(See  A.4.1)

	5
	

	6
	

	7
	

	8
	

	9
	MOVEMENT

	10
	(See  A.4.3.1)

	11
	

	12
	

	13
	STATUS for Gnd Tk (1 =valid, 0 = not valid)

	14
	MSB

	15
	

	16
	GROUND TRACK (7 bits)

	17
	(See A.4.3.2)

	18
	

	19
	Resolution = 360/128 deg

	20
	LSB

	21
	Mode S = 0, ATCBS = 1

	22
	CPR FORMAT (F)  (See A.4.2.1)

	23
	MSB

	24
	

	25
	

	26
	

	27
	

	28
	

	29
	

	30
	ENCODED LATITUDE

	31
	

	32
	(CPR Surface Format

	33
	See A.7.1 to A.7.4  and 7.6)

	34
	

	35
	

	36
	

	37
	

	38
	

	39
	LSB

	40
	MSB

	41
	

	42
	

	43
	

	44
	

	45
	

	46
	

	47
	ENCODED LONGITUDE

	48
	

	49
	(CPR Surface Format

	50
	See A.7.1 to A.7.4)

	51
	

	52
	

	53
	

	54
	

	55
	

	56
	LSB





Purpose:  To provide accurate surface position information.

A.2.5  
TIS-B Coarse Airborne Format

	1
	Mode S = 0, ATCBS = 1

	2
	No Emergency=0, Emergency=1

	3
	

	4
	SITE  CODE

	5
	

	6
	

	7
	RESERVED

	8
	Direction Bit For E-W Velocity (0=East, 1=West)

	9
	

	10
	

	11
	EAST-WEST VELEOCITY (5 bits)

	12
	

	13
	LSB

	14
	Direction Bit For N-S Velocity (0=North 1=South)

	15
	

	16
	

	17
	NORTH-SOUTH VELEOCITY (5 bits)

	18
	

	19
	LSB

	20
	

	21
	ALTITUDE

	22
	Specified by the Format Type Code

	23
	

	24
	(1) the altitude code (AC) as specified

	25
	in section 2.2.13.1.2  of DO-181B  but 

	26
	with the M-bit removed

	27
	(Ref ARINC 429 Label 203), or

	28
	

	29
	(2) GNSS height  (HAE)  

	30
	(Ref. ARINC 429 Label 370)

	31
	

	32
	CPR FORMAT (F)  (See A.4.2.1)

	33
	MSB

	34
	

	35
	

	36
	

	37
	ENCODED LATITUDE

	38
	

	39
	(CPR Airborne Format

	40
	See revised A.7.3 and A.7.5, attached)

	41
	

	42
	

	43
	

	44
	LSB (~160m)

	45
	MSB

	46
	

	47
	

	48
	

	49
	ENCODED LONGITUDE

	50
	

	51
	(CPR Airborne Format

	52
	See revised A.7.3 and A.7.5, attached)

	53
	

	54
	

	55
	

	56
	LSB  (~160m)





A.2.5.1
Revisions To RTCA Document No. DO-260, Appendix A, sections A.7.3 and A.7.5 to Support 12-Bit CPR Encoding and Decoding for TIS-B Coarse Airborne Format

DO-260, Appendix A, A.7.3
   

CPR Encoding Process

The CPR encoding process shall calculate the encoded position values XZi and YZi for either airborne, surface, TCP, TCP+1, or TIS-B latitude and longitude fields from the global position lat (latitude in degrees), lon (longitude in degrees), and the CPR encoding type i (0 for even format and 1 for odd format), by performing the following sequence of computations.  The CPR encoding for TCP, TCP+1 always uses the even format (i = 0), whereas the airborne, surface, and TIS-B encoding use both even (i = 0) and odd (i = 1) formats.

Dlati (the latitude zone size in the N-S direction) is computed from the equation:
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YZi (the Y-coordinate within the Zone) is then computed from Dlati and lat using separate equations:

	For airborne encoding:
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	For surface encoding:
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	For TCP, TCP+1 encoding:
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	For TIS-B encoding:
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Where k=1 for coarse TIS

Rlati (the latitude that a receiving ADS-B system will extract from the transmitted message) is then computed from lat, YZi, and Dlati using separate equations:

	For airborne encoding:
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	For surface encoding:
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	For TCP, TCP+1 encoding:
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Dloni (the longitude zone size in the E-W direction) is then computed from Rlati using the equation:
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XZi (the X-coordinate within the Zone) is then computed from lon and Dloni using separate equations:

	For airborne encoding:
	
[image: image20.wmf]XZ

i

=

floor

2

17

×

MOD

lon

,

Dlon

i

(

)

Dlon

i

+

1

2

æ 

è 

ç 

ç 

ö 

ø 

÷ 

÷ 



	
	

	For surface encoding:
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	For TCP, TCP+1 encoding:
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	For TIS-B encoding:
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Where k=1 for coarse TIS-B

Finally, limit the values of XZi and YZi to fit in the 17-bit, 14-bit or 12-bit field allotted to each coordinate: 

	For airborne encoding:
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	For surface encoding:
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	For TCP, TCP+1 encoding:
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	For TIS-B encoding:
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DO-260, Appendix A, A.7.5


Computations for the Airborne, TCP, and TIS Messages

The following computations shall be performed to obtain the decoded lat/lon for the airborne, TCP, TCP+1, and TIS-B message formats.  For the TCP, TCP+1 format, i is always 0 (even encoding), whereas the airborne and TIS-B formats use both even (i = 0) and odd (i = 1) encodings.  For the airborne format, Nb = 17, for the TCP, TCP+1 format, Nb = 14, and for TIS-B Nb =12

Dlati is computed from the equation:
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where k=1 for all modes. 

The latitude zone index number, j, is then computed from the values of lats, Dlati and YZi using the equation:
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The decoded position latitude, Rlati, is then computed from the values of j, Dlati, and YZi using the equation:
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Dloni (the longitude zone size in the E-W direction) is then computed from Rlati using the equation:
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where k=1 for all modes
The longitude zone coordinate m is then computed from the values of lons, Dloni, and XZi using the equation:
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The decoded position longitude, Rloni, is then computed from the values of m, XZi, and Dloni using the equation:
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A.3
UAT Message Formats


The following formats are defined in RTCA Document DO-XXX, “Minimum Operational Performance Standards (MOPS) for the Universal Access Transceiver (UAT).” The formats are referenced here for the reader’s convenience. Since the MOPS document is in draft form at the time of this PD, changes to the MOPS may occur. 


ADS-B messages for transmission over the UAT RF interface may take on one of two forms:

· A “Basic” length message containing only the State Vector (SV) payload of 17 bytes

· An “Extended” length message containing the SV plus a Supplemental payload of 16 bytes.


There are three MOPS-defined payloads.  They are the SV payload, the Supplemental Type 0 payload and the Supplemental Type 1 payload. The contents of each of these payloads are described in the following sections.

A.3.1
Basic ADS-B Message


The “Basic” ADS-B message contains SV data for the transmitting vehicle. Table A.3-1 shows the contents of the SV payload.  

Table A.3-1.  Contents for the State Vector (SV) Payload

	Message Field
	Length (bits)
	Comments

	Payload Type Code
	4
	Gives flexibility for future payload definitions.

	Address Qualifier
	Service Type
	2
	00 = ADS-B Direct

01 = ADS-B rebroadcast

10 = TIS-B

11 = Spare

	
	Target Type
	1
	0 = Aircraft

1 = Non aircraft (further breakdown possible via address blocks—no need for global uniqueness)

	
	Address Type
	1
	0 = Permanent Airframe assigned

1 = Temporary self assigned (ADS-B) or track number (TIS-B)

	Address
	24
	ICAO Assigned or randomly generated by application host

	Pos. Valid
	1
	These fields become a 4 bit Sensor/Tracker ID when “Service Type” = TIS-B

	Time Valid
	1
	

	Turn Indicator
	2
	

	A/G State
	2
	00 = 0.5 kt velocity resolution, airborne/on-ground UNKNOWN

01 = 0.25 kt vel res, KNOWN to be on ground

10 = 1.0 kt vel res, KNOWN to be airborne with spd <1023 kts

11 = 4.0 kt vel res, KNOWN to be airborne with spd > 1023 kts


	Lat
	23
	Encoded in units of 2-23 “circles” in a signed fractional binary form (LSB = ~2.5 m)

	Lon
	24
	Encoded in units of 2-24 “circles” in a signed fractional binary form (LSB = ~2.5 m at equator)

	N/S Velocity
	11
	These fields take on a different polar encoding for targets “known to be on ground” Otherwise: Track/Heading -10 bits; Track/Heading Type – 1 bit; Speed 10 bits; Spare – 1 bit

	E/W Velocity
	11
	

	Alt (Baro)
	12
	25 ft resolution

	Alt Rate
	10
	64 fpm LSB, 32000 fpm max

	NIC/NAC/

NUC
	7
	Encoding TBD

	
	136
	Total Bits


A.3.2
Extended ADS-B Message

The extended ADS-B message contains both the SV payload and one of 15 possible supplemental payloads. Currently, there are two supplemental payload types defined that meet the requirements for category A1 vehicles that are stipulated in RTCA DO-242, “Minimum Aviation System Performance Standards (MASPS) for Automatic Dependent Surveillance – Broadcast Mode (ADS-B).” 

A.3.2.1

Supplemental Type 0 Message

Table A.3-2  Contents for the Supplemental Type 0 Payload

	Message Field
	Length (bits)
	Comments

	Call Sign
	48
	Both fields “radix 40” encoded into one 48 bit field

	Category
	
	

	Emrg/Priority Status
	3
	

	MSO
	6
	Six LSBs of the 12 bit MSO representation.  Allows receiver to make independent integrity check on ADS-B message

	Alt (Geo)
	12
	Supports independent integrity check on baro 

	Alt Rate (Geo)
	10
	Supports independent integrity check on baro

	App Class Code
	12
	Encoding TBD

	Airspeed
	11
	Scaled per A/G State setting

	Airspeed Type
	1
	IAS/TAS

	Mag Hdg
	10
	

	Mag Hdg Valid
	1
	

	Selected Alt
	10
	LSB=100 feet

	Spare

	4
	

	
	128
	Total Bits


A.3.2.2

Supplemental Type 1 Message

Table A.3-3 shows the contents of the Type 1 Supplemental payload.

Table A.3-3  Contents for the Supplemental Type 1 Payload

	Message Field
	Length (bits)
	Comments

	TCP#
	4
	Supports TCP expandability

	TCP or TCP+n Latitude
	18
	Binary encoded per SV.  LSB = ~80 meters

	TCP or TCP+n Longitude
	19
	Binary encoded per SV.  LSB = ~80 meters

	TCP or TCP+n Altitude
	10
	Encoded per SV.  LSB = 100 feet

	TCP or TCP+n Time to Go
	8
	LSB = 5 seconds; Max = ~20 mins

	TCP#
	4
	Supports TCP expandability

	TCP or TCP+n Latitude
	18
	Binary encoded per SV.  LSB = ~80 meters

	TCP or TCP+n Longitude
	19
	Binary encoded per SV.  LSB = ~80 meters

	TCP or TCP+n Altitude
	10
	Encoded per SV.  LSB = 100 feet

	TCP or TCP+n Time to Go
	8
	LSB = 5 seconds; Max = ~20 mins

	Spare
	10
	

	
	128
	Total Bits


A.3.3
Uplink Messages

A ground based UAT is capable of broadcasting data to support various services. Two uplink services being evaluated as part of the TESIS are: Traffic Information Service – Broadcast (TIS-B) and Flight Information Service – Broadcast (FIS-B). 

The format of the uplink payload is shown in table A.3-4.

Table A.3-4  Ground Station Uplink Message Payload

	Message Field
	Length (bits)
	Comments

	Ground Station Latitude
	24
	Encoded in units of 2-24 “circles” in a signed fractional binary form (LSB = ~2.5 m at equator)

	Ground Station Longitude
	24
	Encoded in units of 2-24 “circles” in a signed fractional binary form (LSB = ~2.5 m at equator)

	PPS Active
	1
	0= Synchronization timing used by ground station is unreliable

1=Synchronization timing used by ground station is accurate

	Position Valid
	1
	0=Reported position not valid

1=Reported position valid

	Slot Number
	8
	Protected ground slot number in which message was transmitted

	Spare
	5
	Undefined

	Application Payload Use
	1
	0=Application payload not valid

1=Application payload valid

	TIS-B Service Range
	3
	Code relating maximum service radius of TIS-B report from the ground station location. [0-7]

0=Undefined

1= Airport surface only

2=10nmi

3=60nmi

4=100nmi

5=200nmi

6=undefined

	TIS-B Sensor/ Tracker ID
	5
	ID of tracker used to generate TIS-B reports.

0-15 = Derived from single sensor tracker

16-30 = Derived from multi-sensor fused track product

31=No TIS-B reports presently available

	Application Payload
	3640


	Application defined data

	
	3712
	Total Bits


The TIS-B and FIS-B data are carried in the Application Payload. The following sections describe the UAT message formats used to deliver these services.

A.3.3.1

TIS-B Application Payload

TIS-B messages are packed into the Application Payload of the ground uplink message. Multiple uplink slots throughout the entire UAT frame (protected and unprotected slots) may be used to provide sufficient link capacity. The UAT TIS-B message is the same as the SV ADS-B Message described in Section A.3.1. The application host will need to evaluate the Address Qualifier subfields to determine which type of target the received report refers.

A.3.3.2

FIS-B Application Payload

The FIS-B application payload for the UAT is composed of an Application Protocol Data Unit (APDU), which frames the APDU payload, or FIS-B product data. The MASPS should be referenced to obtain the details of the APDU specification. There are many optional fields in the APDU definition. Presented in table A.3-5 are the APDU fields required by the UAT system.

Table A.3-5  APDU Header Data

	Message Field
	Length (bits)
	Comments

	APDU Identifier
	16
	Two bytes, Initial Protocol Identifier (0xFF) and Subsequent Protocol Identifier (0xFE), used to facilitate subnetwork access protocols, which are not germane to UAT, but required.

	Application Method Flag
	1
	0=Application methods (Compression and Geographic Locator) are omitted

	Geographic Locator Flag
	1
	0=No Geographic Locator Region field present 

	Provider-Specific Flag
	1
	Reserved indicator for a provider-specific function

0=no intended function

	Product Identifier
	11
	Value specifying the included product data as stipulated in the MASPS

	Time Options
	2
	00=The following 10 bits represent the Product Creation Time in Hours (5 bits) and Minutes (6 bits)

	Product Creation Time
	11
	UTC Hour (5bits)

Minutes (6 bits)

	Segmentation Information
	1
	0=No segmented data products used

	Zero Padding
	4
	Zero bits required to make APDU header align with byte boundary

	
	48
	Total Bits


The only field of the APDU content in table A.3-5 that varies with product are the Provider Specific Flag, the Product Identifier and Product Creation Time. There presently is no TESIS requirement for provider specific usage. The available products are noted in the FIS-B MASPS and should be adhered to in accordance with the required products in Section 6 of this document. The time associated each APDU payload shall represent the time the FIS-B product is formulated.

APPENDIX B

CORRELATION TESTS
FOR USE WITH THE

AIRCRAFT TEST AND EVALUATION SURVEILLANCE AND INFORMATION SYSTEM (AIR TESIS)

Appendix B to AND-530 Document Control Number 122000-1V2

Appendix B

Correlation Tests

B.1
ADS-B and TIS-B Only Display Correlation Tests 

DF17 and DF18 messages shall be examined for Mode S address correlation.  For DF17 and DF18 messages that have the same Mode S address, position data in each of the two messages shall be compared to the predicted position of the track at the time of the new position input, using a correlation box centered on the predicted track position. 

If either of the two positions to be compared uses the DF18 Coarse Format, the following three tests shall be performed:

a.   | latitude difference | ≤ TBD*;    AND

b.   | longitude difference | ≤ TBD*;    AND

c.   | altitude difference | ≤ 400 ft.

If both of the positions to be compared use either the DF18 Fine Format or the DF17 Format, the following three tests shall be performed:

a.   | latitude difference | ≤ TBD*;    AND

b.   | longitude difference | ≤ TBD*;    AND

c.   | altitude difference | ≤ 200 ft.

* The correlation box size is a function of track quality, including data precision, accuracy, and integrity, track status (i.e.,  initiation in progress, established, etc.); time since last update; and straight or turning flight.

B.2
Multi-sensor Display Correlation Tests

B.2.1
DF18 / TCAS Mode S Correlation  

DF18 messages and TCAS surveillance reports shall be examined for Mode S address correlation.  For targets that have the same Mode S address, i.e., Mode S targets that have both DF18 and TCAS position information, correlation shall be performed as follows:

Each time a TCAS surveillance report is received by the display processor, the corresponding DF18 track (i.e., with the same Mode S address) shall be extrapolated forward to the time of the TCAS active measurement.  The position of own aircraft shall also be extrapolated forward to this same time.  The two extrapolated positions shall be used to compute a slant range and bearing between own aircraft and the intruder (see section 3.2.3.1.b).  This slant range and bearing, plus the DF18 altitude, shall be compared to the TCAS measured range and bearing and the TCAS altitude.

If the DF18 track is being maintained using DF18 Coarse Formats, the following three tests shall be used: 

a.    | slant range difference | ≤ TBD m;    AND

b.   | bearing difference | ≤ TBD degrees;  AND

c.   | altitude difference | ≤ TBD ft.

If the DF18 track is being maintained using DF18 Fine Formats, the following three tests shall be used: 

a.    | slant range difference | ≤ TBD m;    AND

b.   | bearing difference | ≤ TBD degrees;  AND

c.   | altitude difference | ≤ TBD ft.

B.2.2
DF18 / TCAS ATCRBS Correlation  

For each DF18 ATCRBS target, position correlation tests shall be performed to determine if the DF18 ATCRBS target represents the same aircraft as a target under track by TCAS.  The DF18 position and TCAS position shall be compared using the following three tests:

a.    | slant range difference | ≤ TBD m;    AND

b.   | bearing difference | ≤ TBD degrees;  AND

c.   | altitude difference | ≤ TBD ft.

� Transmitter power requirements are driven by A/G surveillance needs for Class B and A1 and by air-air needs for Class A2 (all as measured at the antenna terminals):


-Low ([5]W,


-Medium( [25]W,


-High( [125]W,


� True receiver diversity with time shared transmission [may] be required for Class A2 installations.  All other Classes may use time shared receiver/transmitter switching


� “A1” will be used to designate this UAT equipment class


� “A2” will be used to designate this UAT equipment class


� No distinction in receiver sensitivity requirements is made; all receivers have the same requirements driven by its ground-air uplink use.


� Airborne (ownship) applications supported by Class A1 or A2 installations will be determined by the application processor, which are outside the scope of UAT.  


� No distinction in receiver processing capability is made amongst installation classes.  This is because the receiver’s message-to-report conversion procedures are consistent for any application use of data.


� Capstone ATC experience may result in the need to support a function equivalent to the transponder IDENT 
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