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B.4.23.4

Note: Since the transponder is not downlink ELM capable, the packets from group “e”

will be sent via Comm-B segments with MSP L bit procedures.
Step4  Verify that the first Comm-B message from group e consists of 4 segments and
contains 26 bytes of data in the MB Field(s) and that the second Comm-B
message contains one segment with three bytes of data in the MB Field.

Downlink ELM Frame

(8B.2.2.7.2.2 — Downlink ELM Frame)
(8B.2.2.7.2.2.1 — Directing ELM Frame)

Objective: This test is designed to validate the downlink frame function of the MSSS,
which includes processing of the ELM frames. This test requires the transmission of
ELM segments over MSP channels.

ELM Capable

Step1l  Uniquely identify the UD fields of each MSP packet by using recognizable
sequences of bit and/or byte patterns. One method for uniquely identifying

each packet for this test is to insert the MSP channel number in the UD Field.

Step2  Send the following MSP messages to the A-SSE from the AAE interface:
# of UD Field . MSP Channel
Group Packets | Length Packet Size Numbers
a. 1 9 bytes 1 segment 1
b. 1 19 bytes 2 segments 2
C. 1 29 bytes 3 segments 3
d. 1 39 bytes 4 segments 4
e. 1 49 bytes 5 segments 5
f. 1 59 bytes 6 segments 6
g. 1 69 bytes 7 segments 7
h. 1 79 bytes 8 segments 8
i 1 89 bytes 9 segments 9
j. 1 99 bytes 10 segments 10
K. 1 109 bytes 11 segments 11
. 1 119 bytes 12 segments 12
m. 1 129 bytes 13 segments 13
n. 1 139 bytes 14 segments 14
0. 1 149 bytes 15 segments 15
p. 1 159 bytes 16 segments 16
Step3  Extract the Comm-D segments from the A-SSE and send Comm-D close-outs,

as necessary. Verify the A-SSE sends an indication of the downlink delivery
status to the AAE interface. At the GAE interface, verify the correct
association of the ND value with the number of segments delivered and that the
M/CH field increments correctly for each packet.
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MSP Operations

(8B.2.2.6.1.1.5, 8B.2.2.6.1.2.3 — MSP Processing)
(8B.2.2.6.3 — L-bit Processing)
(8B.2.2.8 — System Timers)

Objective: This test is designed to validate the MSP operations by using L-bit linking,
MSP processing and System Timers in associated with these operations.

Stepl  Send 4 bytes of CONTROL MESSAGE data from the AAE interface on
channel 1. Verify at the G-SSE interface that the A-SSE has sent a Mode S
short form MSP packet on channel 1.

Step2  Send 42 bytes of CONTROL MESSAGE DATA from the AAE interface on
channel 1. At the G-SSE, verify that two Mode S MSP packets (long form) are
received from the A-SSE on channel 1. The first frame will have L bit set to
one and contain 26 bytes of user data. The second frame will have L bit set to
zero and contain 16 bytes of user data.

Step3  Send a Mode S frame containing a Mode S MSP (short form) Packet to the A-
SSE on channel 2. Fill the UD Field with five bytes of the bit pattern
01010101. At the A-SSE interface, verify the reception of a CONTROL
MESSAGE DATA on channel 2.

Step4  Generate 42 bytes of Control Message Data from the G-SSE interface on MSP
channel 1 in a total of 2 MSP packets (Long Form). The first MSP packet will
have L-bit set to 1 and contain 26 bytes of User Data. The second MSP packet
will have L-bit set to 0 and contain 16 bytes of User Data. At the A-SSE
interface, verify that an MSP packet (Long Form) is received from the A-SSE
on channel 1.

L-Bit Linking
(8B.2.2.6.3 — L-bit Processing)
(8B.2.2.8 — System Timers)

Objective: This test is designed to validate the L-bit linking function of the MSSS for
long form MSP channels, and the use of the Tm timer for L-bit linking.

The Long Form MSP Packet test procedures are designed to test the A-SSE's ability to
link Mode S Long Form MSP Packets when the packet size is greater than 28 bytes and
the transponder has no downlink ELM capability.

Stepl  Use a selected MSP number, fill the Used Data Field with 32 bytes of the bit
pattern 01010101. At the G-SSE interface, verify that two mode S long form
MSP packets are received on the selected MSP channel from the A-SSE. The
first frame will have L bit set to one and contain 26 bytes of user data. The
second frame will have L bit set to zero and contain 6 bytes of user data.

© 2007, RTCA, Inc.



Appendix B
Page B - 68

Step 2

Send two Mode S Comm-A frames containing a linked Mode S Long Form
MSP Packet to the A-SSE on a MSP channel number. Fill the UD Field with
26 bytes and 6 bytes respectively with the bit pattern 10101010. At the A-SSE
interface, verify that a Mode S long form MSP packet is received from the
AAE. Verify the UD Field for content and order.

L-bit Delivery Timer (Tm)

Step 1

Step 2

Step 3

From the GAE, create 2 long form MSP packets for delivery to the AAE. The
first packet will have 26 bytes of user control data and L-bit set to ONE (1).
The seconds packet will have 16 bytes of user control data and L-bit set to
ZERO (0) for a complete sequence.

After sending the first packet, send the second packet within the Tm time
period. At the AAE interface, verify the receipt of this constructed packet
containing 42 bytes of user control data in correct order and content.

Repeat the process to generate the long form MSP packets again to the A-SSE,
except this time, send the second packet after Tm time period. This allows the
A-SSE to discard the complete sequence since the expiration of the Tm timer
for L-bit sequencing.

Verify that there’s no related output for this transaction at the AAE interface.

B.4.2.6 Link Frame Cancellation Timer (Tc)
(8B.2.2.7.2.5 — Frame Cancellation)
(8B.2.2.8 — System Timers)

Obijective: This test is designed to validate the Tc frame cancellation timer of the frame
processing function.

Step 1

Step 2

Step 3

Step 4

© 2007, RTCA, Inc.

From the GAE, generate two Short Form MSP packets with a 27 byte UD Field
to fit into a four segment linked Comm-A message. The content of the UD
Field will be a 1 in the first byte, 2 in the second byte, etc. Set Il = 1 for all
segments.

Send only the first three Comm-A segments of the first frame to the A-SSE.
Impose a delay of Tc minus two seconds, then send the final segment.

Verify that the A-SSE receives an MSP message with a 27 byte UD Field in
correct order and content.

Repeat the process just described and transmit the first three Comm-A
segments of the second frame. However, this time impose a delay of Tc plus
two seconds between the transmission of the third and the final Comm-A
segments. Verify that there is no output to the AAE.



B.4.2.7

B.5

B.5.1

B.51.1

Appendix B
Page B - 69

Interrogator Link Timer (Tz)

(8B.2.2.6.1.1.5 — MSP Processing)
(8B.2.2.8 — System Timers)

Obijective: This test is designed to validate the Tz interrogator link timer of the MSSS.

Step1  From the GAE, generate a short form MSP packet for delivery to the AAE
(data content can be any).

Step2  For this downlink, do not allow for a closeout from the G-SSE. This will force
the Tz timer in the A-SSE to start its countdown for the non-closeout action.

Step3  After 30 seconds elapse, verify that there’s no output in the form of the MSP
packet at the GAE, since the packet would have been discarded by the A-SSE
due to the Tz timeout.

Implementation Guidelines
Transponder Register 20,5 (ICAO Doc 9871, 8C.2.4.3)

Airborne Function

Annex 10, Volume IV requirements (Annex 10, Volume 1V, 83.1.2.9.1.1) state the
following for data in transponder register 204:

AIS, aircraft identification subfield in MB. The transponder shall report the aircraft
identification in the 48-bit (41 — 88) AIS subfield of MB. The aircraft identification
transmitted shall be that employed in the flight plan. When no flight plan is
available, the registration marking of the aircraft shall be inserted in this subfield.

Note: When the registration marking of the aircraft is used, it is classified as “fixed
direct data’ (see Annex 10 Vol. 1V, 83.1.2.10.5.1.1). When another type of
aircraft identification is used, it is classified as ‘variable direct data’ (see
Annex 10 Vol. IV, 83.1.2.10.5.1.3).”

When the aircraft installation does not use an external source to provide the aircraft
identification (most of the time it will be the call sign used for communications between
pilot and controllers), the text above means that the aircraft identification is considered as
variable direct data. It also means that such data characterize the flight condition of the
aircraft (not the aircraft itself) and are therefore subject to dynamic changes. It further
means that variable direct data are also subject to the following requirement when data
become unavailable.

Paragraph §B.2.2.6.1.1.4 states:

“If data are not available for a time no greater than twice the specified maximum
update interval or 2 seconds (whichever is the greater), the status bit (if specified for
that field) shall indicate that the data in that field are invalid and the field shall be
zeroed.”
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B.5.1.2

B.5.2

Therefore, if the external source providing the aircraft identification fails or delivers
corrupted data, transponder Register 2055 should be zeroed. It should not include the
registration marking of the aircraft since the airborne installation has initially been
declared as providing variable direct data for the aircraft identification.

The loss of the aircraft identification data will be indicated to the ground since
transponder Register 20,5 will be broadcast following its change. If the registration
marking of the aircraft was inserted in lieu of the call sign following a failure of the
external source, it would not help the ground systems since the registration marking of
the aircraft is not the information that was inserted in the aircraft flight plan being used
by the ground ATC systems.

In conclusion, the aircraft identification is either fixed (aircraft registration) or variable
direct data (call sign). It depends whether the aircraft installation uses a data source
providing the call sign; if so, data contained in transponder Register 20, should meet the
requirement of the SARPs. When data becomes unavailable because of a data source
failure, transponder Register 20,6 should contain ALL ZEROs.

Ground Considerations

Aircraft identification data can be used to correlate surveillance information with flight
plan information. If the data source providing the aircraft identification fails, the aircraft
identification information will no longer be available in the surveillance data flow. In
this case, the following means could enable the ground system to continue correlating the
surveillance and flight plan information of a given target.

If the aircraft identification is used to correlate surveillance and flight plan data, extra
information such as the Mode A code, if any, and the ICAO 24-bit aircraft address of the
target could be provided to the flight data processing system. This would enable the
update of the flight plan of the target with this extra information.

In case the aircraft identification becomes unavailable, it would still be possible to
correlate both data flows using (for example) the ICAO 24-bit aircraft address
information to perform the correlation. It is therefore recommended that ground systems
update the flight plan of a target with extra identification information that is available in
the surveillance data flow, e.g., the ICAO 24-bit aircraft address, the Mode A code (if
any) or the tail number (if available from transponder Register 21;¢).

This extra identification information might then be used in lieu of the aircraft
identification information contained in transponder Register 2045 in case the data source
providing this information fails.

Transponder Register 40,5 (ICAO Doc 9871, 8C.2.4.4)

Paragraph §B.5.2.1 gives a general example of what are the different selected altitudes
and the relationship with the target altitude and introduces the meaning of the different
parameters and notions used in this section.
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Paragraphs §B.5.2.2, §B.5.2.3 and 8B.5.2.4 provide more detailed information for some
specific platforms.

General Example for the Loading of Data in Register 4044

Figure B-4-2 provides a general example for the loading of data in Register 40;s.

The goal of Figure B-4-2 is to clarify the differences between the FMS selected altitude
and the FCU/MCP selected altitude, and also to clarify how the target altitude of the
aircraft and the MCP/FCU mode bits are determined depending on the phase of flight in
the vertical profile.

Notions and terms used:

» Cleared flight level: Flight level cleared by the controller, i.e., the flight level aircraft
should reach and maintain.

» MCP/FCU selected altitude:

0

The Autopilot Flight Director System (AFDS) is more commonly known as
autopilot (A/P). Its task is to laterally and vertically control the aircraft when
selected by the crew. In general in modern aircraft, the AFDS is a system
consisting of several individual Flight Control Computers (FCCs) and a single
Flight Control Panel (FCP) mounted directly between the pilots just under the
windshield. Fundamentally, the autopilot attempts to acquire or maintain target
parameters determined either by manual inputs made by the pilot or by
computations from the Flight Management System.

MCP: Mode Control Panel is the usual name given on Boeing platforms to the
FCP which provides control of the Autopilot, Flight Director, Altitude Alert and
Autothrottle System. The MCP is used to select and activate Autopilot Flight
Director System (AFDS) modes and establish altitudes, speeds and climb/descent
profiles.

FCU: Flight Control Unit is similar to MCP but for Airbus platforms.

MCP/FCU selected altitude: The altitude set by pilots on the MCP/FCU
controlling the auto-pilot system. In the great majority of cases pilots set the
MCP/FCU altitude to the altitude cleared by Air Traffic Control (ATC) before
engaging a vertical mode. The autopilot will try to reach this MCP/FCU selected
altitude using different selectable vertical modes: constant vertical rate (e.g.,
V/S), Flight Level change at a given airspeed (e.g., FL CH), vertical path given
by the FMS (VNAYV), and maintain it using the altitude hold mode (ALT
HOLD).

Note: If the aircraft is not equipped with an autopilot this information may be
derived from equipment generating an alert when the FL is reached (e.g.,
altitude alerter system).

> FMS selected altitude:
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0

The Flight Management System (FMS or FMC for Flight Management
Computer) is a computer onboard aircraft that controls the navigation,
performance, flight planning, and guidance aspects of flight. The FMS
navigation component determines where the aircraft is. The FMS performance
component calculates necessary performance data. The FMS flight planning
component allows for the creation and modification of flight plans. The FMS
guidance component issues commands necessary to guide the aircraft along the
route programmed into the FMS. The current and programmed paths of the
aircraft are monitored three-dimensionally, by flying from waypoint to waypoint
and by obeying crossing restrictions.

The FMS guidance component will therefore compute selected altitude
constraints to be reached at different points. This is known as FMS selected
altitude. These selected altitudes are used to control the aircraft in specific
modes of autopilot for example when Vertical Navigation mode (VNAV) is
selected on MCP/FCU. VNAV mode is the highest level of vertical profile
automation, and maximizes fuel economy.

» Target altitude: this is the next altitude at which the aircraft will level-off if in a climb
or descent, or the aircraft current intended altitude if it is intending to hold its
altitude.

© 2007, RTCA, Inc.

0

The target altitude may be:

e The MCP/FCU selected altitude when the autopilot is directly controlled by
command entered by the crew()

e The FMS selected altitude when in VNAYV or similar modes.
e The current altitude.

e Unknown.

MCP/FCU mode bits:

0

VNAYV indicates when a VNAV or equivalent mode in which the A/P is
controlled by FMS is selected.

ALT HOLD indicates when A/P Alt Hold mode is selected. It does not
correspond to a general altitude capture and does not cover VNAYV hold situation.

Approach indicates that a mode to capture ILS localizer and glide slope is
engaged.

Priority of MCP/FCU selected altitude on FMS selected altitude:

The MCP/FCU selected altitude is the altitude that the aircraft shall not violate and
therefore it has always priority on FMS selected altitude.
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Page

EXAMPLE for the loading of data in Register 40Hex

y

Hypothesis on information available to transponder
The FMS selected altitude (calculated by the FMS) and the target altitude source information are available on aircraft buses (this is not
necessary the case today) as well as the MCP/FCU mode bits. Bits 48 and 54 are set to 1 all the time with this hypothesis. The reverse
hypothesis would require bits 48-51 and bits 54-56 to be all set to 0 and the FMS selected altitude field to be all zeroed.

New Cleared Flight Level entered in MCP/FCU
Selection of VNAV or equivalent mode where
flight is controlled by FMS

Autopilot/Flight director engaged
Cleared flight level 1 (FL100) entered in MCP/FCU
Holding last MCP/FCU Selected Altitude

MCP/FCU Selected Altitude captured (ALT CAP)
VNAV mode automatically disengaged
ALT HOLD mode automatically selected

Intermediate FMS selected
altitude capture and hold

Pilot selects ALT HOLD
mode

The autopilot holds the
current aircraft altitude

Selected altitude
calculated by the FMS
in order to fulfill flight
plan and best vertical
profile

MCP/FCU
Selected altitude

Cleared Flight Level

flights manual

Pilot disengages autopilot and

New FMS Selected
Altitude

FL 350

Aircraft flight path

MCP/FCU Selected Altitude 100 300 300 300 300 300 300

FMS Selected Altitude 250 250 250 350 350 350 350
RegisterMCP/FCU Mode bits| Provided 1 1 1 1 1 1 1
40Hex VNAV 0 1 1 1 0 0 0
content Alt Hold 1 0 0 0 1 0 1
Approach 0 0 0 0 0 0 0

Target altitude .
(Unknown, Altitude,FCUIMCP, FMS) FCU/MCP FMS FMS FCU/MCP|FCU/MCP unknown Altitude

© © (6)

o

Figure B-4-2: General Example for the Loading of Data in Register 4014
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Explanation of the different steps in Figure B-4-2:

Generally, Figure B-4-2 shows a theoretical sequence of cases which should not be
considered as a real operational sequence. For example, some steps may be more realistic
when the aircraft is in descent.

Step 1: The MCP/FCU selected altitude has been set to first cleared flight level (FL100).
The Autopilot/Flight Director is engaged and the aircraft is holding the latest MCP/FCU
selected altitude which has been reached before Stepl. The target altitude is the
MCP/FCU selected altitude. VNAV mode is not engaged. The FMS selected altitude is
not the target altitude.

Step 2: A new clear flight level has been allocated to the aircraft by ATC. The pilot has
entered this value into the MCP/FCU resulting in a new MCP/FCU selected altitude. The
pilot has engaged the VNAV mode. The aircraft speed/path is determined by the FMS.
The FMS contains a flight path with an altitude restriction at a given waypoint (FL250).
The FMS selected altitude corresponds to the associated altitude restriction. This FMS
selected altitude is less than the MCP/FCU selected altitude and therefore becomes the
target altitude to which the aircraft is climbing.

Step 3: There is an altitude restriction associated with a waypoint. The aircraft has
captured and is maintaining the FMS selected altitude until crossing the way point. The
VNAYV mode remains active. In an operational environment, aircrew should also set the
MCP/FCU altitude to the intermediate levels on a stepped climb SID if workload permits.

Step 4: The waypoint with restricted altitude is passed. A new FMS selected altitude is
now valid. The aircraft resumes its climbing to try to reach this new FMS selected
altitude. VNAV mode is still engaged. Although the aircraft is trying to reach the FMS
selected altitude (FL350) it will level-off at the MCP/FCU selected altitude which is
lower than the FMS selected altitude therefore the selected altitude is the MCP/FCU
selected altitude.

Step 5: The MCP/FCU selected altitude is lower than the FMS selected altitude. The
aircraft therefore first approaches this MCP/FCU selected altitude which is a limit to not
violate. This MCP/FCU altitude is captured and held by the aircraft. This automatically
disengages the VNAYV mode.

Step 6: The flight crew has disengaged the autopilot and is flying the aircraft manually.
The target altitude is not known. However on an operational point of view it must be
noted that such mode would not be allowed in regulated airspace unless the aircrew had
declared an emergency or had obtained a new ATC clearance. In the latter case the ATC
clearance should be entered in the MCP/FCU. It is more probable that this case may
happen on a “descent when ready” profile. In all cases the MCP/FCU selected altitude
may still be useful because it should be the value used in the altitude alerter.

Step 7: The pilot selects altitude hold (Alt Hold or equivalent mode) making the current
altitude equivalent to the target altitude. Note that although MCP/FCU selected altitude
could become the same (pilot entering the new flight level in the MCP/FCU) this is not
mandatory and therefore only altitude represents with full confidence the level the aircraft
is maintaining.
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Target Altitude Summary

If MCP/FCU altitude is between your current altitude and FMS Selected Altitude, then
the target altitude is MCP/FCU. If VNAV is engaged and the previous case is not in
effect, then FMS is the target altitude. If Alt Hold is selected and the current altitude is
not equal to either of the selected altitudes, then target altitude is altitude.

Possible Uses of Selected Altitude and Target Altitude

1. MCP/FCU selected altitude will be downlinked as an additional read-back in order to
check that the cleared flight level has been correctly understood and entered in the
airborne system by the pilot.

2. Target altitude and associated mode of flight may be of interest to reduce the Short
Term Conflict Alert false alarm rate.

Target Altitude Implementation Difficulties

It is recognized that all information to determine which altitude is the target altitude or
which mode of flight is currently used may not always be available to the transponder in
the current airborne implementation. In addition it may be very dependent on the
platform. It is therefore preferable to set to 0 the corresponding bits of register 40,4 rather
than sending wrong information.

Transponder Register Number 40,5 on Airbus Aircraft

Target Altitude

In order to clarify how aircraft intention information is reported in transponder Register
40,5 a mapping (Table B-4-1) has been prepared to illustrate, for a number of conditions:

a) how the altitude data are derived that are loaded into transponder Register 40,5, and

b) how the corresponding source bits are set.
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B52211

A330/A340 Family

Table B-4-1: Transponder Register Number 40,5 on Airbus A330/340 Aircraft

Auto Pilot Auto Pilot or Target
or Flight Flight Director Conditions: Vertical Stgtus/AItltude (FCU, Altitude | Bit55 | Bit 56
Director . FMS or Aircraft)
Status Vertical Mode used
Vertical Speed VIS > (<) 0 with FCU ALT > (<) AICALT FCUALT 1 0
ViS) P V/S > (<) 0 with FCU ALT < (>) AIC ALT / 0 0
VIS=0 A/CALT 0 1
Fliaht Path FPA > (<) 0 with FCU ALT > (<) AICALT FCUALT 1 0
A n%I s (FPA) FPA > (<) 0 with FCU ALT < (>) A/IC ALT / 0 0
FPA=0 AIC ALT 0 1
Altitude Acquire . . . .
(ALT CAPT) Aircraft operating with FCU altitude FCU ALT 1 0
Altitude Acquire | Aircraft capturing a constrained altitude
(ALT CAPT) | imposed by the FMS FMSALT | 1 !
Altitude Hold
(APonand | (ALT) AICALT 0 1
FD on/off) FCUALT > next FMS ALT FCUALT 1 0
or Descent (DES) FCUALT next FMS ALT FMS ALT 1 1
(AP off and No next FMS ALT FCUALT 1 0
FD on) Mode used to descend directly to the FCU ALT
Open Descent di di h dd h and
(OPEN DES) isregarding _t e computed descent path and | FCU ALT 1 0
FMS constraints
FCU ALT < next FMS ALT FCUALT 1 0
Climb (CLB) FCUALT nextFMSALT FMS ALT 1 1
No next FMS ALT FCUALT 1 0
Oven Climb Mode used to climb directly to the FCU ALT
(OpPEN CLB) disregarding the computed descent path and | FCU ALT 1 0
FMS constraints
FCUALT < next FMS ALT FCUALT 1 0
Take Off (TO) FCUALT nextFMSALT FMS ALT 1 1
No next FMS ALT FCUALT 1 0
FCU ALT > A/C ALT and FCU ALT < next
EMS ALT FCUALT 1 0
Go Around (GA) EEAL;’ 2::::: > A/C ALT and FCU ALT  next EMS ALT 1 1
FCU ALT > A/C ALT and no next FMS ALT | FCU ALT 1 0
FCUALT A/CALT / 0 0
Other vertical
modes (final / 0 0
approach, land,
glide slope)
AP off and
FD off / 0 0
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B.5.2.2.1.2 A320 Family
Table B-4-2: Transponder Register Number 40,5 on Airbus A320 Aircraft
Auto Pilot .
or Flight A_uto P'.IOt or Conditions: Vertical Status/Altitude Ta_rget . .
. Flight Director . Altitude | Bit55 | Bit56
Director : (FCU, FMS or Aircraft)
Vertical Mode used
Status
Vertical Speed V/S > (<) 0 with FCU ALT > (<) AICALT FCUALT 1 0
(VIS) P VIS > (<) 0 with FCU ALT < (>) AIC ALT / 0 0
VIS=0 A/C ALT 0 1
. FPA > (<) 0 with FCU ALT > (<) AICALT | FCUALT 1 0
(FF'E’RS Path Angle  op A~ (<) 0 with FCU ALT < (5) AIC ALT / 0 0
FPA=0 AIC ALT 0 1
Altitude Acquire . . . .
(ALT CAPT) Aircraft operating with FCU altitude FCUALT 1 0
Altitude Acquire Aircraft capturing a constrained altitude
(ALT CAPT) imposed by the FMS FMSALT | 1 !
Altitude Hold
(APonand | (ALT) AICALT 0 1
FD on/off) | Descent (DES) or FCU ALT > next FMS ALT FCUALT 1 0
or Immediate Descent | FCU ALT  next FMS ALT FMS ALT 1 1
(AP offand | (IM DES) No next FMS ALT FCUALT 1 0
FD on) Open Descent Mode used to descend directly to the FCU
(OPEN DES) or ALT disregarding the computed descent path | FCU ALT 1 0
Expedite (EXP) and FMS constraints
Climb (CLB) or FCU ALT < next FMS ALT FCUALT 1 0
Immediate Climb FCUALT nextFMSALT FMS ALT 1 1
(IMCLB) No next FMS ALT FCUALT 1 0
Open Climb Mode used to climb directly to the FCU ALT
(OPEN CLB) or disregarding the computed descent path and FCUALT 1 0
Expedite (EXP) FMS constraints
FCU ALT < next FMS ALT FCUALT 1 0
Take Off (TO) FCUALT nextFMS ALT FMS ALT 1 1
No next FMS ALT FCUALT 1 0
FCU ALT > A/C ALT and FCU ALT < next
EMS ALT FCUALT 1 0
FCU ALT > A/IC ALT and FCU ALT  next
Go Around (GA) FMS ALT FMS ALT . !
FCU ALT > A/C ALT and no next FMS FCU ALT 1 0
ALT
FCUALT AI/CALT / 0 0
Other vertical
modes (final / 0 0
approach, land,
glide slope)
AP off and
FD off / 0 0
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The A320 (see Table B-4-3) has two additional modes compared to the A330/A340:

B.5.2.2.1.3 Synthesis

The Expedite Mode: it climbs or descends at, respectively, “green dot” speed or

Vmax Speed.

The Immediate Mode: it climbs or descends immediately while respecting the

FMS constraints.

Table B-4-1 and Table B-4-2 show the following:

a) Depending on the AP/FD vertical modes and some conditions, the desired “target”
altitude might differ. Therefore a logical software combination should be developed
in order to load the appropriate parameter in transponder Register 40, with its

associated source bit value and status.

b) A large number of parameter values are required to implement the logic: the V/S, the
FCU ALT, the A/C ALT, the FPA, the FMS ALT and the AP/FD status and vertical
modes. The following labels might provide the necessary information to satisfy this

requirement:

1.

VIS: label 212

(Vertical Rate) from ADC

FCU ALT: label 102 from FCC

(Selected Altitude)

A/C ALT: label 361 from IRS/ADIRS

(Inertial Altitude)

FPA: label 322 from FMC

(Selected Altitude)

g |win

FMS ALT: label 102 from FMC

(Selected Altitude)

AP/FD: labels 272
273 (Arm modes) and
274 (Pitch modes)

(Auto-throttle modes)

The appropriate “target” altitude should, whatever its nature (A/C, FMS or FCU), be
included in a dedicated label (e.g., 271) which would be received by the GFM that will
then include it in transponder Register 40,6. A dedicated label (such as label 271) could
then contain the information on the source bits for target altitude. This is demonstrated

graphically in Figure B-4-3.

AP/FD mode

V/S-FPA value

A 4

FMS ALT

A/IC ALT

AP/FD status

FCUALT

VVVYVYY

Target altitude (label TBD)

General Format

LOGIC

(Taraet Altitude source bits (label

» Manager (GFM)

Figure B-4-3: Logic to Derive the Target Altitude Data Information
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When selected altitude from the altitude control panel is provided in bits 1 to 13, the
status and mode bits (48 — 51) may be provided from the following sources:

A320

A340

Status of altitude control
panel mode bits (bit 48)

SSM labels 273/274

SSM labels 274/275

Managed Vertical Mode
(bit 49)

Label 274 bit 11 (climb)
Label 274 bit 12 (descent)
Bus FMGC A

Label 275 bit 11 (climb)
Label 275 bit 15 (descent)
Bus FMGEC G GE-1

Altitude Hold Mode (bit
50)

Label 274 bit 19 (Alt mode)
Bus FMGC A

Label 275 bit 20 (Alt hold)
Bus FMGEC G GE-1

Approach Mode (bit 51)

Label 273 bit 23
Bus AFS FCU

Label 273 bit 15
Bus AFS FCU

Transponder Register 40,5 on Boeing 747-400, 757 and 767 Aircraft

In order to clarify how selected altitude information from the altitude control panel and
target altitude is reported in transponder Register 40,6, & mapping has been prepared to
illustrate how the status and mode bits can be derived.

;;ginsiggrtl)?f ; Description Label
48 Status of mode bits SSM of 272 and 273
49 Managed Vertical Mode 272 bit 13
50 Altitude Hold Mode 272 bit 9/ 273 bit 19
51 Approach Mode 272 bit 9/ 273 hit 19
54 Status of Target Altitude source bits | SSM of new label (TBD)
55 -56 Target Altitude source bits New label (TBD)

The selected altitude from the mode control panel may be obtained from label 102
(source ID 0A1). The status bit may be derived from the SSM of label 102.

Setting of the Target Altitude Source Bits (Bits 54 — 56)

These bits should be set as required in Table B-3-64, item 5:

Bit 54 indicates whether the target altitude source bits (55 and 56) are actively being

populated.

0 = No source information provided
1 = Source information deliberately provided
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Bits 55 and 56, indicate target altitude source:

00 = Unknown

01 = Aircraft altitude

10 = FCU/MCP selected altitude
11 = FMS selected altitude

Aircraft which are not equipped with the logic described in 8B.5.1.1 and §B.5.1.2 are not
able to determine the target altitude source of the aircraft. In that case bit 54 should be
set to 0 (no source information provided) and bits 55 and 56 should be set to 00
(unknown).
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When ARINC 429 data is used, the following is an example implementation:

BDS Bit #: Data Bit # Description
1 STATUS 1 = Valid Data
2 SIGN 1 = left (left wing down)
3 MSB = 45 degrees
4
5 Roll Angle
6 ARINC Label 325
7
8 Range = [-90, +90]
9
10
11 LSB =45/ 256 degrees
12 STATUS 1 = Valid Data
13 SIGN 1 =west (e.g., 315°=45°)
14 MSB = 90 degrees
15
16
17 True Track Angle
18 ARINC Label 313
19
20 Range = [-180, +180]
21
22
23 LSB =90/512 degrees
24 STATUS 1 = Valid Data
25 MSB = 1024 knots
26
27
28 Ground Speed
29 ARINC Label 312
30
31 Range = [0, 2046]
32
33
34 LSB = 1024 /512 = 2 knots
35 STATUS 1 = Valid Data
36 SIGN 1 = minus
37 MSB = 8 degrees per second
38
39 Track Angle Rate
40 ARINC Label 335
41
42 Range = [-16, +16]
43
44
45 LSB = 8/ 256 degrees per second
46 STATUS 1 = Valid Data
47 MSB = 1024 knots
48
49 True Air Speed
50 ARINC Label 210
51
52 Range = [0, 2046]
53
54
55
56 LSB = 1024 /512 = 2 knots
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The status bits are determined as explained in §B.3.1.2. The data is rounded as specified
in 8B.3.1.2. The encoding accuracy of the data in the subfield is £%2 LSB by rounding.

For ARINC GAMA configuration, label 335 is not used for the track angle rate but for
another parameter. For this particular ARINC configuration the track angle rate field
should be loaded with ALL ZEROs. In such cases, ground applications can compute the
equivalent of the track angle rate thanks to the true air speed and the roll angle
information.
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When ARINC 429 data is used, the following is an example implementation:

BDS Bit #: Data Bit # Description
1 STATUS 1 = Valid Data
2 SIGN 1= West (e.g., 315° = 45°)
3 MSB = 90 degrees
4
5 Magnetic Heading
6 ARINC Label 320
7
8 Range = [-90, +90]
9
10
11
12 LSB =90/ 512 degrees
13 STATUS 1 = Valid Data
14 MSB = 512 knots
15
16
17 Indicated Air Speed
18 ARINC Label 206
19
20 Range = [0, 1023]
21
22
23 LSB =512 /512 = 1 knot
24 STATUS 1 = Valid Data
25 MSB = 2048
26
27
28 Mach
29 ARINC Label 205
30
31 Range = [0, 4092]
32
33
34 LSB =2048 /512
35 STATUS 1 = Valid Data
36 SIGN 1 = below
37 MSB = 8192 ft/min
38
39 Barometric Altitude Rate
40 ARINC Label 212
41
42 Range = [-16384, +16352]
43
44
45 LSB = 8192/ 256 = 32 ft/min
46 STATUS 1 = Valid Data
47 SIGN 1 = below
48 MSB = 8192 ft/min
49
50 Interial Vertical Velocity
51 ARINC Label 365
52
53 Range = [-16384, +16352]
54
55
56 LSB = 8192/ 256 = 32 ft/min

© 2007, RTCA, Inc.



Appendix B
Page B - 84

The status bits are determined as explained in §B.3.1.2. The data is rounded as specified
in 8B.3.1.2. The encoding accuracy of the data in the subfield is £%2 LSB by rounding.

“Barometric Altitude Rate” contains values that are solely derived from barometric
measurement. The Barometric Altitude Rate may be very unsteady and may suffer from
barometric instrument inertia.

The “Inertial Vertical Velocity” is also providing information on vertical attitude of the

aircraft but it comes from equipments (IRS, AHRS) which use different sources used for
navigation. The information is a more filtered and smoothed parameter.
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