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SUMMARY
The original version of this document presented differences and proposed changes for consideration in
achieving agreement between ED-73C and DO-181D in regards to Test Procedures to be performed under
Environmental Conditions. Version 1 of this document (WG49N12-11a) was updated real time during
WG49N12 with changes as necessary and agreement noted appropriately. This version 2 (WG49N12-11b) has

been updated post WG49N12 in preparation for review and agreement at RTCA SC-209 WG-1 Meeting 03 in
Washington, D.C., during the week of October 1, 2007.
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Introduction:

Original Version for WG49N12:

The following table has been developed in response to action items arising at the SC-209 / WG-49 meeting in Brussels in August,
2007. The table is intended to address differences in environmental test procedures provided in Eurocae ED-73C Section 5.4 and
those provided in RTCA DO-181D Section 2.3. As such, the first two columns detail the procedures as provided in ED-73C. The
third and fourth columns detail the procedures as provided in DO-181D. The fifth column provides commentary, notes, rationale,
etc., as necessary to describe minor changes made in the previous columns to either ED-73C and DO-181D. The changes made
are suggested in the interest of aligning ED-73C section 5.4 with DO-181D section 2.3. For the most part alignment was
reasonably achieved with minimal change. However, two areas of concern still exist with those being (a) Reply Rate Capability in
ED-73C section 5.4.2.5 and (b) Extended Squitter testing in ED-73C section 5.4.3.2. Appropriate commentary on both issues is
provided in the table.

All are invited to review the table input and respond as deemed necessary.
Version 2 (Sept. 27, 2007 RHS) for SC-209 WG-1 Meeting #3, 2 — 4 October 2007:

The document has been updated with real time changes during the WG49N12 meeting and with additional changes made since
that time. During review of the document, specific attention should be drawn to the following areas:

a. Column 2:
Normal Black text provides test procedures as they currently exist in ED-73C.

Green text (normally underlined) provides text as entered into ED-73C prior to beginning the alignment of environmental test
procedures performed in this document. That is, text inserted in the document prior to WG49N12.

Text in Red and in Brackets [ ] is text that needs to be added to ED-73C section 5.4 to provide information on what tests or
portions of tests need not be performed during environmental testing.

b. Column 3:

Text in Blue and Bold provides indication of where agreement was reached with WG-49 in regards to reducing or modifying
the test procedures provided in Column 2.

c. Column 4:
Normal Black text provides test procedures as they currently exit in DO-181D.

Green text (normally underlined) provides text as entered into DO-181D prior to beginning the alignment of environmental
test procedures performed in this document. That is, text inserted in the document prior to WG49N12.

d. Column5:
Red Text provides rationale for changes made to either column 2 (ED-73C) or column 4 (DO-181D).

Blue Text normally provides notes, commentary, or other information.
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e. Special Text Areas:

(1). Blue Highlighted text in section 5.4.3.2 (inclusive) represents area that must be readdressed in order to clarify Mode-S
Reply testing requirements.

(2). Special Note Text in Magenta or Red (section 5.4.3.2 inclusive for example) represents area that must be readdressed.

Primary Areas of Concern Remain:

Section 5.4.3.2 Mode-S Testing

Section 5.4.3.2.2 Squitter Testing

Section 5.4.4.1.2 Step 5, Short Duration P2 Testing

Section 5.4.6.2 Step 7, Addition of “0607” Recovery Testing added to ED-73C and DO-181D
Section 5.4.9.2.2 Squitter Monitor Question

Version 2 -- TBD
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ENVIRONMENTAL TEST PROCEDURE COMPARISON AND ALIGNMENT

EUROCAE ED-73B/C

RTCA DO-181D

5.1

GENERAL

2.3

Equipment Performance — Environmental Conditions

511

Power Input Voltage

Unless otherwise specified, all tests shall be conducted with the
power input voltage adjusted to design voltage +2%. The input
voltage shall be measured at the equipment input terminals.

512

Power Input Frequency

a.  In the case of equipment designed for operation from an AC
power source of essentially constant frequency (eg, 400 Hz),
the input frequency shall be adjusted to design frequency
+2%.

b.  In the case of equipment designed for operation from an AC
power source of variable frequency, (eg, 300 to 1 000 Hz),
unless otherwise specified, tests shall be conducted with the
input frequency adjusted to within 5% of a declared
frequency within the range for which the equipment is
designed.

513

Adjustment of Equipment

The circuits of the equipment under test shall be properly aligned
and adjusted in accordance with the manufacturer's recommended
practice prior to application of the specified tests. Unless
otherwise specified, adjustments may not be made once the test
procedure has started.

5.14

Test Instrument Precautions

a.  Precautions shall be taken during conduct of the tests to
prevent the introduction of errors resulting from the
connexion of test instruments across the input and output
impedances of the equipment under test.

b.  Throughout this chapter, the accuracy of the test equipment
is not addressed in detail, but rather is left to the calibration
process prescribed by the agency which certifies the testing
facility.

515

Ambient Conditions

All tests shall be conducted under conditions of ambient room
temperature, pressure and humidity, as defined in ED-14D,
paragraph 3.4.

The environmental tests and performance requirements described in
this subsection provide a laboratory means of determining the
overall performance characteristics of the equipment under
conditions representative of those that may be encountered in actual
aeronautical operations.

Some of the environmental tests contained in this subsection need
not be performed unless the manufacturer wishes to qualify the
equipment for that particular environmental condition. These tests
are identified by the phrase “When Required.” If the manufacturer
wishes to qualify the equipment to these additional environmental
conditions, then these "when required" tests shall be performed.

The test procedures applicable to a determination of equipment
performance under environmental test conditions are contained in
RTCA Document DO-160D, Environmental Conditions and Test
Procedures for Airborne Equipment, July 1997.

Some of the performance requirements in Subsections 2.1 and 2.2
are not tested by the test procedures herein. Moreover, not all tests
are required to be done at each of the environmental conditions in
RTCA/DO-160D. Judgment and experience have indicated that
these particular performance parameters are not susceptible to
certain environmental conditions and that the level of performance
specified in Subsections 2.1 and 2.2 will not be measurably
degraded by exposure to these environmental conditions.

The specified performance tests cover all classes of Mode S
transponders. Only those tests that are applicable to the class of
transponder being qualified need be done. Additional tests may have
to be performed in order to determine performance of particular
design requirements that are not specified in this document. It is the
responsibility of the manufacturer to determine appropriate tests for
these functions.

Specific transponder performance tests have been included in this
section for use in conjunction with the environmental procedures of
DO- 160D. These tests have been judiciously chosen as a subset of
the transponder performance tests of Subsection 2.4. Normally, a
MOPS document does not provide specific equipment performance
tests to be used in conjunction with the environmental procedures of
DO-160D. However, there is a sufficiently large number of
transponder performance tests in Subsection 2.4 that it would be
impractical to repeat all of those tests in conjunction with all of the
appropriate environmental procedures.

COMMENT

Information provided in ED-73C
Section 5.1 —through- Section 5.3.
is equivalently provided in DO-
181D Section 2.4.1.  This is
because DO-181D Section 2.4 is
basically equivalent in intent to
ED-73C in providing Equipment
Test Procedures under ambient
conditions.
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EUROCAE ED-73B/C RTCA DO-181D COMMENT
516 Connected Loads 231 Environmental Test Conditions
Unless otherwise specified, all tests shall be performed with the
equipment connected to loads having the impedance values for
which it is designed.
517 Recording of Test Results Table 2.3.1.1 lists all of the environmental conditions and test
When test results are being recorded for incorporation in the type procedures (hereafter referred to as environmental procedures) that
o . . are documented in DO-160D. Table 2.3.1.2 lists the 13 sets of
testfreport, 1t 1s not }slpfﬁccllen]tz to note }rln erely that the sg)gmﬁTd transponder performance tests that are specified in detail in this
%e(r)/%rr(r)lagcoe ir‘ivi;aigc:ee:?eé thzcgeptterrzis;fiotrfséi‘ \zileet}?ervzurslo}; section and which are intended to be run subject to the various
. . . . environmental procedures of DO-160D. In order to simplify the
e is i ety s il e
. ! . . performance tests, Table 2.3.1.1 divides the environmenta
feﬁizfntveersg)ﬁfrﬁ:ezf etchi;c:i?(t)ir:f)?tcﬁi tz(r)r;lphance with the procedures into groups. All of the procedures in a given group are
p P p : carried out in conjunction with the same set of transponder
5.1.8 Test Procedures performance tests. Using this approach, the environmental
a The following test procedures are considered to be a procedures fall into six groups. The environmental procedures that
' satisfactory n%eans OI% establishing compliance with the apply to all of the sets of transponder performance tests fall into
performance specifications of Chapters 2 and 3 group 1. Group 2 procedures apply to 8 of the sets of transponder
) i ) ) o ] performance tests. Groups 3, 4, and 5 apply to 4, 3 and 3 of the sets
b. Alternative procedures which provide equivalent information of transponder performance tests, respectively. (Group 6, which
may be used. In such cases, the prgce.dures. descr1bed. in this applies to none of the transponder performance tests, includes only
chapter shall be used as one criterion in evaluating the environmental procedures that are intended to determine the effect
acceptability of the alternative procedures. of the transponder on rack mounting hardware, compass needles,
5.2 STANDARD INTERROGATION TEST SIGNALS explosive gasses, and other RF hardware.)
Unless otherwise specified, all test interrogation signals shall be as M indicates which of the groups of environmental
defined below procedures is related to each set of transponder performance tests.
. ' . . . Each transponder performance test shall be validated under all of
The signal measurement convention shall be as specified in the environmental procedures in the groups required for that test as
paragraph 1.5.4. indicated in Table 2.3.1.2.
Refer directly to DO-181D for Table 2.3.1.1 and 2.3.1.2.
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EUROCAE ED-73B/C RTCA DO-181D COMMENT
521 General Characteristics 232 Detailed Environmental Test Procedures
a.  Radio Frequency The test procedures set forth below are considered satisfactory for
The carrier frequency of the signal generator for Mode A/C use in determining equipment performance under environmental
and Mode A/C/S All-Call interrogation shall be 1 030 +0.1 conditions. Although specific test procedures are cited, it is
MHz. Mode S interrogation signals shall have a carrier recognized that other methods may be preferred. These alternative
frequency of 1 030 £0.01 MHz. procedures may be used if the manufacturer can show that they
b CW O provide at least equivalent information. In such cases, the
: utput procedures cited herein should be used as one criterion in evaluating
The CW output between pulses shall be at least 50 dB below the acceptability of the alternative procedures. These transponder
the peak level of the pulse. performance tests do not include specific pass fail criteria. It is
c. Pulse Rise and Decay Time intended that those criteria be obtained from the transponder
Rise and fall times shall be as specified in paragraphs 1.6.3 performgnce requirements presented in the referenced paragraphs in
Subsection 2.2.
and 1.6.4.
NOTE: Unless otherwise indicated, interval measurements are
measured between half voltage points of the respective
pulses as detected by a linear detector.
d.  Pulse Top Ripple
The instantaneous amplitude of the pulses shall not fall more
than 1 dB below the maximum value between the 90%
voltage amplitude points on the leading and trailing edges of
the pulse.
e.  Signal Level
Unless otherwise noted in the Test Procedure, the signal
level shall be -60 dBm, +3 dB.
f. Interrogation Repetition Standard Rate
Unless otherwise noted in the Test Procedure, interrogation
rates shall be 450 +25 Hz for Mode A/C interrogations and
45 +5 Hz for All-Call and Mode S interrogation.
g.  Mode S Interrogation Address.
Unless otherwise noted in the Test Procedure, the aircraft
24-bit address encoded in a Mode S interrogation shall be :
AA AA AA {HEX},
(i.e. binary 1010 1010 1010 1010 1010 1010).
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EUROCAE ED-73B/C RTCA DO-181D COMMENT

5.2.2 Mode A/C, Mode A/C/S All-Call and Mode A/C-Only All-Call
Interrogations

The nominal characteristics shall be as specified in paragraph 1.6.
In addition, in order

to prohibit any reply inhibition, the "on-the-ground" report (VS or
FS field) shall not

indicate the on-the-ground condition but the airborne condition
unless otherwise noted in the test procedure.

523 Mode S Interrogations
The nominal characteristics shall be as specified in paragraph 1.6.

5231 Mode S-Only All-Call Interrogation.

Mode S-Only All-Call interrogation is defined as a Mode S
interrogation of Uplink Format 11 (UF=11), with the value of PR
being 8, the value of IC and CL being 0. The "on-the-ground"
report (VS or FS field) in the transponder should indicate the
"airborne" condition.

An address of 24 ONE:s is used in generation of the AP field.

5.2.3.2 Mode S Surveillance - Altitude Interrogation

Mode S Surveillance Altitude Interrogation is defined as a Mode S
interrogation of Uplink Format 4 (UF=4), with the following
mission field values:

PC=0
RR=0
DI=0

SD=0

5.2.33 Mode S Surveillance - Identity Interrogation

Mode S Surveillance - Identity Interrogation is defined as a Mode
S interrogation of Uplink Format 5 (UF=5) with the following
mission field values:

PC=0
RR=0
DI=0

SD=0
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EUROCAE ED-73B/C RTCA DO-181D COMMENT

5.2.34 Comm-A - Altitude Interrogation.

Comm-A - Altitude Interrogation is defined as a Mode S
interrogation of Uplink Format 20 (UF=20) with the following
mission field values:

PC=0

RR=20

DI=0

SD=all ONEs

MA="AA AAAA AAAA AAAA' {HEX}

53 TRANSPONDER TEST SET

The test procedures in this chapter call for one or more
Transponder Test Sets, at least one of which must have all of the
following capabilities:
a. A means of varying:
(1) the RF frequency by 60 MHz from the centre
frequency,
(2) the amplitude of the interrogating signal level from -
21 to -85 dBm,
(3) the amplitude of either P2, P3 or P4 with respect to P1,

(4) the interval spacings between the following pairs of
pulses, P1-P2, P1-P3 and P3-P4.

b. A means of independently varying the durations of P1, P2,
P3 and P4.

c. A means of counting the number of correct replies
transmitted in response to valid interrogations.

d. A means of selecting:
(1) Mode A, Mode C, Mode A/C/S All-Call, Mode A/C-
Only All-Call or Mode S interrogation formats,
(2) the data which will modulate the P6 pulse.

e. A means of providing carrier phase modulation of the P6
pulse.

f. A means of displaying the downlink reply bit pattern
generated by the unit under test in response to a Mode S or
All-Call interrogation.

g. A means of adding a train of:

(1) single 0.8 + 0.1 ps wide pulses or 0.8 + 0.1 ps pulse
pairs spaced 2.0 + 0.15 ps apart, with level adjustable
from 12 dB below P1 to equal with P1 at a carrier
frequency of 1 030.0 £0.2 MHz, incoherent with the
Mode S signal frequency, and with the following
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EUROCAE ED-73B/C RTCA DO-181D COMMENT

characteristics:
- Repetition frequencies variable up to 10 000 Hz

- Positionable anywhere from the first pulse
coincident with P1 to the second pulse
coincident with the end of P6.

(2) single 6.4 +0.5 ps pulses or 3.5 £0.5 ps pulse pairs
spaced either 12 +£0.5 ps or 30 +£0.5 ps apart. The level
shall be set at -30 dBm at a carrier frequency variable
from 962 to 1 213 MHz. The repetition rate on the
pulse pairs shall be variable up to 3 600 Hz and that of
the single pulses variable up to 2 000 Hz.

h. A means of synchronising interrogation sequences
repetitions with a similar test set.

i. A means of rapidly changing between two interrogation
rates.
B A means of moving the sync phase reversal position in P6

over a £200 nanosecond range from assigned position.

k. A means of encoding Mode S interrogations with proper
parity check sequence.

L A means of decoding Mode S replies using proper parity
check sequence.

m. A means of interlacing Mode A/C and Mode S
interrogations.

n. A means of generating Mode A/C and Mode S interrogation
bursts at rates which test compliance with paragraph 3.4.

0. A means of displaying the output of the detected video of
the replies from the unit under test.

p- A means of measuring the transmission frequency of the
transponder.

q. A means of loading test patterns into one or more of the
transponder GICB registers 05 to FF {HEX} via the data
link interface

r. A means of inputting avionics data to the transponder on one
or more channels.

e.g. A Transponder control unit and/or a generator of control
words, altitude, ground speed, etc.

S. A means for analysing the statistic properties of squitters.
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EUROCAE ED-73B/C RTCA DO-181D COMMENT
54 TEST PROCEDURES RELATED TO RECEIVER AND
TRANSMITTER
The tests in paragraphs 5.4.1 through to 5.4.14 verify transponder
performance as a receiver and transmitter of signals. The tests in
5.5 test the transponder processing functions.
NOTE 1:  Means are required to provide the control functions
specified in paragraph 2.5 .
NOTE 2: The nature of the processing tests is such that some
means of automatically controlling, sequencing and
evaluating of tests is necessary
54.1 Receiver Characteristics
(paragraph 3.2) . .
: 2.3.2.1 | Receiver Characteristics (Paragraph 2.2.2)
54.11 Test Equipment
Transponder Test Set
54.1.2 Test Procedure
Connect the equipment as shown in Figure 5-1.
Follow steps 1 through 7, below:
a. STEP 1 - Sensitivity Variation with Frequency (Paragraph Step 1 Sensitivity Variation with Frequency (§2.2.2.2)
322) Using a standard Mode A interrogation, interrogate the
Interrogate the transponder with a Mode A interrogation. transponder at RF signal frequencies of 1029.8, 1030.0 and
Vary the RF signal frequency over the range 1 029.8 to 1 1030.2 MHz. Determine the rc?qulred maximum Rf signal
0302 MHz. 1ef\f/vel. at each frequency required to produce 90% reply
Record the minimum and maximum RF signal levels etielency.
required to produce 90% transponder reply efficiency. Rationale:
[Under environmental conditions, it is sufficient to record . T .
only the maximum RF signal level required to establish 90% Chalrllge m.?ﬁeDlg ]?]8)1-17)3C in order
reply efficiency at frequencies of 1029.8, 1030.0, and 1030.2 Agreed to align wi } ’
MHz.]
. TEP 2 - itivity (P h3.2.4
b Is SeESl ivity ( agagraph - zazd_e) _ Step 2 Sensitivity (§2.2.2.4 a.)
1 te the t t 1 tion.
nierrogate e. r.anspon er v§/1 a vode 1n. errogation Interrogate the transponder with a standard Mode C
Record the minimum RF s,}gnal level required to produce ATCRBS/Mode S All-Call interrogation. Determine the
90% transponder reply efficiency. minimum RF signal level required to produce 90%
Repeat the procedure using : transponder reply efficiency.
- a Mode C interrogation,
- aMode A/Mode S All-Call interrogation and
- a Mode C/Mode S All-Call interrogation.
This determines the MTL for these interrogations.
. . . - Rationale:
[Under environment conditions, it is sufficient to perform —_— )
this test using only a Mode C/Mode S All-Call Agreed Change made in ED-73C in order

interrogation.]

to align with DO-181D.

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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EUROCAE ED-73B/C RTCA DO-181D COMMENT
c. STEP 3 - Mode A/C and Mode A/C/S All-Call Dynamic
Range (Paragraph 3.2.4f) Step 3 ATCRBS and ATCRBS/Mode S All-Call Dynamic Range
Interrogate the transponder with a Mode A interrogation. §2.2.2.4f)
Vary the RF level in 5 approximately equal steps between Interrogate the transponder with a standard Mode A
MTL and -21 dBm. interrogation at RF levels from MTL +3 dB to -21 dBm in
Record the reply ratio at each step. approximately 5 equal steps. Determine reply ratio. Repeat for
. a standard Mode C ATCRBS/Mode S All-Call.
Repeat the procedure using :
- a Mode A/Mode S All-Call interrogation and
- a Mode C/Mode S All-Call interrogation.
Rationale:

[Under environmental conditions, it is sufficient to perform
the above test using approximately 5 equal steps between
MTL + 3 dB and -21 dBm with Mode A interrogations and
Mode C/Mode S All-Call interrogations.]

d.  STEP 4 - Bandwidth (Paragraph 3.2.3)
Interrogate the transponder with a Mode A interrogation.
Adjust the RF signal level to 60 dB above MTL.

Record the frequencies above and below 1 030 MHz at
which 90% transponder reply efficiency is obtained.

NOTE: Care must be taken to avoid high signal levels at or near
the centre frequency.

[This test step is
conditions. ]

e. STEP 5 - Mode A/C Mode A/C/S All-Call and Mode S-
Only All-Call Low-Level Reply Ratio (Paragraph 3.2.4 d)
With a RF signal level of -81 dBm, interrogate the
transponder with:

not required under environmental

- a Mode A interrogation,

- a Mode A/Mode S All-Call interrogation,

- a Mode C/Mode S All-Call interrogation, and

- a Mode S-Only All-Call interrogation with PR = 0.
In each case record the reply ratio.

[Under environmental conditions, it is sufficient to perform
this test using only Mode C/Mode S All-Call interrogations.]

f. STEP 6 - Mode S Sensitivity (Paragraph 3.2.4 b)

Interrogate the transponder with a Mode-S Only All-Call
interrogation with PR=0.

Record the minimum RF level to produce 90% reply
efficiency. This is the MTL for this interrogation.

g.  STEP 7 - Mode S Dynamic Range (Paragraph 3.2.4 ¢)

Interrogate the transponder with a Mode-S Only All-Call
interrogation with PR=0.

Agreed

Agreed

Agreed

Step 4 ATCRBS/Mode S All-Call Low-Level Reply Ratio (§2.2.2.4

d.)

Interrogate the transponder with a standard Mode C
ATCRBS/Mode S All-Call at an RF level of -81 dBm.
Determine reply ratio.

Step 5 Mode S Sensitivity (§2.2.2.4 b.)

Interrogate the transponder with a Mode S Only All-Call
interrogation at a standard rate with PR=0. Determine the
minimum RF level to produce 90% proper reply efficiency.

Step 6 Mode S Dynamic Range (§2.2.2.4 ¢.)

Using the signal specified in Step 5, determine the reply
efficiency for RF levels of MTL +3 dB, -50 dBm and -21

Change made in ED-73C in order
to align with DO-181D.

Note:

DO-181D does not test
Bandwidth under the
environmental conditions.

Therefore, it is annotated as not
being required in ED-73C.
Rationale:

Change made in ED-73C in order
to align with DO-181D.

Rationale:

Change made in ED-73C in order
to align with DO-181D.

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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EUROCAE ED-73B/C

RTCA DO-181D

COMMENT

Record the reply ratio at RF levels of MTL+3dB, -50 and -
21 dBm.

h. Step 8 Mode S Low-Level Reply Ratio (§2.2.2.4 d.)

Using the signal specified in Step 6, determine reply
efficiency for an RF level of -81 dBm.

Agreed

dBm.

Step 7 Mode S Low-Level Reply Ratio (§2.2.2.4 d.)

Note:

Using the signal specified in Step 5, determine reply
efficiency for an RF level of -81 dBm.

ED-73C did not test Mode S
Low-Level Reply Ratio.
Therefore, the test is added as
annotated.

542

Transmitter Characteristics
(Paragraph 3.3)

2.3.2.2

Transmitter Characteristics (§ 2.2.3.1)

5421

Reply Transmission Frequency
(Paragraph 3.3.1)

23221

Reply Transmission Frequency (§ 2.2.3.1)

542.1.1

Test Equipment

a.  Transponder Test Set

b.  Stub Tuner.

c.  Variable Air Line (Line Stretcher)
d Slotted Line

54212

Test Procedure
Connect the equipment as shown in Figure 5-2.

Adjust the stub to establish a 1.5:1 VSWR at the antenna end of
the coaxial line specified by the manufacturer.

- If the transponder requires a minimum length of a specified
cable type, attenuation equal to the loss of the minimum
amount of cable may be placed between the 1.5:1 VSWR
point and the transponder antenna jack.

- Alternatively, a length of cable equal to the specified
minimum length and cable type may be used in lieu of the
attenuator. Set the transponder for a 14 pulse reply (Mode-A
code 7777).

Interrogate the transponder with a Mode A interrogation and

adjust the line stretcher for maximum transmitter frequency shift

above or below 1 090 MHz.

Record the frequency shift in each case.

Repeat the above procedure with a Mode A/Mode S All-Call.

[Implementation of the Stub Tuner is not required under
environmental conditions.]

Agreed

Note:

Removal of the Stub Tuner when
performing tests under
environmental conditions.

5422

RF Peak Power Output
(Paragraph 3.3.3)

54221

Test Equipment
a. Transponder Test Set

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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EUROCAE ED-73B/C RTCA DO-181D COMMENT
b. Wide Band Dual Channel Oscilloscope
EUROCAE ED-73B/C RTCA DO-181D COMMENT
54222 | 5.4.2.2.2 Test Procedure 23222 | RF Peak Power Output (§ 2.2.3.2)
Connect the equipment as shown in Figure 5-3. Step 1 ATCRBS Power Output (§ 2.2.3.2)
a.  STEP I - Mode A/C Power Output (Paragraph 3.3.3) Connect the equipment as shown in Figure 2-26. Set the
transponder for a 14-pulse (7777) reply. Interrogate the
s;;,;he transponder for a 14 pulse reply (Mode-A code transponder with a standard Mode A interrogation at 1200
)- ) ) _ interrogations per second or the maximum for which the
Interrogate the transponder with a Mode A interrogation and transponder is designed and measure the single pulse having
record the peak power level of the single reply pulse having the least RF power output. Determine that the power output
the least RF power level. meets the requirements of §2.2.3.2.
While varying the interrogation rate from 100 interrogations
per second to the maximum interrogation rate specified for
the transponder, record the variation in peak power level of
the single reply pulse having the least RF power level.
Repeat the procedure, recording the level and variation in
peak power level of the single reply pulse having the highest
RF power level.
[Under environmental conditions, it is sufficient to perform Agreed Rationale:

this test step while measuring only the single pulse having
the least RF power level.]

b.  STEP 2 — Short Mode S Power Output (Paragraph 3.3.3)
Repeat STEP 1 with a Mode A/Mode S All-Call
interrogation at standard rate only.

c. STEP 3 — Long Mode S Power Output

For transponders with long reply capability (Level 2 or
above) repeat STEP 1 with sixteen Mode S interrogations
per second using any format and coding for which a long
reply is required.

If the transponder is also Extended Squitter capable,
configure the transponder, so that the transponder is
transmitting the extended squitters (or an equivalent number
of long replies) in addition to the sixteen replies.

d.  STEP 4 — Extended Long Mode S Power Output
For transponders with extended reply capability (Level 4 or

above) repeat STEP 3 stimulating the maximum rate of long
replies for which the transponder is designed.

Step 2 Short Mode S Power Output (§2.2.3.2)

Repeat Step 1 with a standard Mode A ATCRBS/Mode S
All-Call interrogation at the standard rate.

Step 3 Long Mode S Power Output

For transponders with long reply capability (Level 2 or
above), repeat Step 1 with sixteen Mode S interrogations per
second using any format and coding for which a long reply is
required.

If the transponder is also Extended Squitter capable, then
configure the transponder so that the transponder is
transmitting the Extended Squitters (or an equivalent number
of long replies) in addition to the sixteen replies.

Step 4 Extended Long Mode S Power Output

For transponders with extended reply capability (Level 4 or
above), repeat Step 3, stimulating the maximum rate of long
replies for which the transponder is designed.

Change made to ED-73C in order
to align with DO-181D.
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5423 Transmitter Spectrum Rationale:
(Paragraph 3.3.2) Agreed In order to align with DO-181D,
[This procedure is not required under environmental conditions. ] (already the procgdurc s not rc'qulrcd
the case) under environmental conditions.

54231 Test Equipment

a. Transponder Test Set.
b.  Spectrum Analyser.
c.  Directional Coupler.

54232 Test Procedure
Connect the equipment as shown in Figure 5-4.
a. STEP 1-Mode A/C

Set the transponder for a 14 pulse reply (Mode-A code
7777).

Interrogate on Mode A at 500 interrogations per second, and
verify that the reply efficiency exceeds 90%.

Measure and record the spectrum of RF emission at the
antenna terminal of the transponder over the range 150 kHz
to 10 GHz.

b. STEP2 - Mode S
Repeat Step 1 with Mode S "All-Call interrogation".

Record the maximum response in each frequency band as a
ratio expressed in dB relative to the centre band peak level.

5424 Residual Power Output (Paragraph 3.3.4) A d Rationale:
[This procedure is not required under environmental conditions. ] (a?rzezzle(i In order to align with DO-181D,
the ¢ asZ) the procedure is not required

under environmental conditions.

5424.1 Test Equipment

a. Transponder Test Set.
b.  Spectrum Analyser.
c.  Directional Coupler.

54242 Test Procedure
Connect the equipment as shown in Figure 5-4.

Either disable the transponder transmission modulation or inhibit
squitter transmissions.

Do not interrogate the transponder.

Record the maximum power output, in the range of 1 090 +3
MHz, with the transponder in the inactive state.
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5425 Reply Rate Capability .
23223 Reply Rate Capability
(Paragraph 3.4)
54251 Test Equipment
Transponder Test Set
54252 Test Procedure
a.  STEP 1 - Continuous Reply Rate Capability (Mode A/C) Step 212/;£C2RBS Reply Rate Capability (§2.2.3.4.1 a and Note 1:
(Paragraph 3.4.1) N The maximum continuous reply
Set the transponder for a 15-pulse reply (Mode A with SPI) Set the transponder for a 15-pulse ATCRBS reply. | .o or 1200 is still under
and set the reply rate limit control to maximum. Interrogate ‘the trangponder at a constant rate of 500 discussion.  Therefore, Step 1
Interrogate the transponder on Mode A at 500 .ATCRBS. interrogations - per second plus 50 Mode S o niinyes 1o be under discussion
. ) interrogations (with short replies) per second. Measure the
interrogations per second. . . between WG-49 and SC-209.
output power and frequency. If the transponder is equipped Also note that DO-181D is
Gradually increase the interrogation rate while observing for long Mode S reply formats, repeat the test with 16 (24 if .
th : . . ’ . measuring the output power and
e reply count over 1-second intervals. also equipped with the enhanced data link protocols) of the frequency during the reply rate
Verify that the maximum reply rate is at least 1 200 replies 50 Mode S interrogations requiring long replies. check. ED-73C does not and is
per second for Class 1 transponders, and 1 000 replies per therefore modified as indicated.
second for Class 2 transponders.
[Under environmental conditions, it is sufficient to perform | Agreed. Rationale:
.C - o - - ati a1 Q at 9 ¢ ot e M 1 .
t.]'ns test while mtenog‘_irmg th? .tlanvspon‘de‘r ‘at a cons}ant od in Change made to ED-73C in order
rate of 500 Mode A interrogations per second plus 50 | ED73 is to ali ith DO-181D
Mode S interrogations (with short replies) per second. | necessary. 0 aligh wi } '
While performing the rate test, measure the output power
and frequency. ]
b. STEP 2 - Continuous Reply Rate Capability (Mode S)
(Paragraph 3.4.2) ) N Comment:
(1)  If the transponder has only short reply capability Step 22 zg(in;muous Reply Rate Capability (§22.3.4.1a and | gp 73¢ Step 2(1). The standard
Set the transponder for a 15-pulse reply (Mode A — Interrogation rate if 450,i25 Hz
with SPI) Set the transponder for a 14 pulse plus SPI-pulse ATCRBS | for Mode A/C interrogations and
’ reply. Interrogate the transponder at a constant rate of 500 | 45 +5 Hz for All-Call and Mode
Interrogat.e the traqsponder at a constant rate of 500 ATCRBS interrogations per second plus 50 Mode S | S interrogation as per 5.2.1.f. As
Mode A interrogations per second, plus 50 Mode S interrogations (with short replies) per second. If the | this rate is maintained for
interrogations (for short replies) per second. transponder is equipped for long Mode S reply formats, have | virtually all testing, there should
For at least 15 minutes verify that the transponder 16 (24 if also equipped with the enhanced data link | be no need to monitor the rate for
replies at the specified rates. protocols) of the 50 Mode S interrogations requiring long | 15 minutes under environmental
[Under environment conditions, it is not necessary to replies. Determine reply ratio for each type of interrogation. | conditions.
monitor the reply rate for 15 minutes. ] Agreed
i Note 2:
@1 the wansponder has long reply capabliy but no ED-73C Step 22 is included in
Step 1 of DO-181D.
Perform the test listed in (1) using 16 of the 50 Mode
S interrogations requiring long replies.
(3) If the transponder has Level 4 capability Note 3:
Perform the test listed in (1) using 16 of the 50 Mode ED'7.3 C S.tep 2(3) and (4) are not
provided in DO-181D. Should
ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b): 15 September 27, 2007_R.H. Saffell, RockwellCollins, Inc.




EUROCAE ED-73B/C

RTCA DO-181D

COMMENT

c.

S interrogations requiring long replies. Additionally
generate Downlink ELMs at the rate specified in
Step 6 below.

(4) If the transponder has Level 5 capability

Perform the test listed in (1) using 24 of the 50 Mode
S interrogations requiring long replies. Additionally
generate Downlink ELMs at the rate specified in
Step 6 below.

STEP 3 - 100 Milliseconds Peak Reply Rate Capability

(Mode S) (Paragraph 3.4.2)

Set the transponder for a 15-pulse reply (Mode A with

SPI).

Interrogate the transponder with periodic bursts of Mode A

and Mode S interrogations as follows:

(1) 120 Mode A interrogations (100 for Class 2
equipment), plus 18 Mode S interrogations (with
short replies), each type of interrogation
approximately uniformly spaced within a single 0.1-
second interval, followed by

(2) a0.9-second interval with no interrogations.

Verify that the transponder replies at the specified
rate.

If the transponder has long reply capability, repeat
the test using 6 of the 18 Mode S interrogations
requiring long replies.
STEP 4 - 25 Millisecond Peak Reply Rate Capability
(Mode S) (Paragraph3.4.2)
Set the transponder for a 15-pulse reply (Mode A with
SPI).

Interrogate the transponder with periodic bursts of Mode A
and Mode S interrogations as follows :

(1) 30 Mode A interrogations (25 for Class 2 equipment)
plus 8 Mode S interrogations (requiring short
replies), each type of interrogation burst
approximately uniformly spaced within a single 25-
millisecond interval, followed by

(2) a975-millisecond interval without interrogations.

In each case, verify that the transponder replies at the
specified rate.
If the transponder has long reply capability, repeat
the test using 4 of the 8 Mode S interrogations
requiring long replies.

STEP 5 - 1.6 Milliseconds Peak Reply Rate Capability

Agreed
(add Class 2
consideration)

Agreed
(add Class 2
consideration)

Step 3 100 Milliseconds Peak Reply Rate Capability (§ 2.2.3.4.1.b

& cand 2.2.3.4.2)

Set the transponder for a 14 pulse plus SPI-pulse ATCRBS
reply. Interrogate the transponder with periodic bursts of
ATCRBS and Mode S interrogations as follows: 120
ATCRBS interrogations (100 if the equipment is intended
for installation in aircraft that operate at altitudes not
exceeding 15,000 feet) plus 18 Mode S interrogations (with
short replies), each type of interrogation approximately
uniformly spaced within a single 0.1-second interval,
followed by a 0.9-second interval with no interrogations. If
the transponder is equipped for long Mode S reply formats,
have 6 (9 if also equipped with the enhanced data link
protocols) of the 18 Mode S interrogations requiring long
replies. Determine reply ratio for each type of interrogation.

Step 4 25 Millisecond Peak Reply Rate Capability (§ 2.2.3.4.2)

Set the transponder for a 14 pulse plus SPI-pulse ATCRBS
reply. Interrogate the transponder with periodic bursts of
ATCRBS and Mode S interrogations as follows: 30
ATCRBS interrogations (25 if the equipment is intended for
installation in aircraft that operate at altitudes not exceeding
15,000 feet) plus 8 Mode S interrogations (requiring short
replies), each type of interrogation burst approximately
uniformly spaced within a single 25-millisecond interval,
followed by a 975-millisecond interval without
interrogations. If the transponder is equipped for long Mode
S reply formats, have 4 (6 if also equipped with the
enhanced data link protocols) of the 8 Mode S interrogations
requiring long replies. Determine reply ratio for each type of
interrogation.

Step 5 1.6 Milliseconds Peak Reply Rate Capability (§2.2.3.4.1

and 2.2.3.4.2)

they be added to DO-181D??

WG1 — Agrees to add to DO-
181D

Note 4:

ED-73C Step 3 does not include
the highlighted (yellow) text that
was added to DO-181D. Should
it be added to  ED-

Note 5:

ED-73C Step 4 does note include
the highlighted (yellow) text that
was added to DO-181D. Should
it be added to ED-

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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(Mode S) (Paragraph 3.4.2)

Set the transponder for a 15-pulse reply (Mode A with
SPI).

Interrogate the transponder with two Mode A
interrogations plus four Mode S interrogations (with short
replies), each type of interrogation approximately
uniformly spaced within a single 1.6-millisecond interval,
followed by a 998.4-millisecond interval with no
interrogation.

Verify that the transponder replies at the specified rate.

If the transponder has long reply capability, repeat the test
for two additional Mode S interrogations with long replies.

STEP 6 - Mode S Peak Reply Rate (Paragraph 3.4.3)

NOTE: This test need not to be repeated if it has already
been performed as part of Step 2

Obtain the maximum number of segments (n) the
transponder is declared to be capable of delivering.

Calculate the additional number of segments (a) that the
transponder is required to handle in a 25-millisecond
interval each second as follows: a =n/4 (Rounded up)

Load the transponder with a Downlink ELM with (n)
segments.

At Time = 0:

Interrogate the transponder to extract (n) segments (i.e. the
complete Downlink ELM).

At Time = 24 milliseconds:

Interrogate to extract (a) segments again (any segments of
the downlink ELM can be chosen), then closeout the
Downlink ELM

Verify that all the segments were extracted correctly.

Repeat the test once per second for 1 minute and verify that
all the extractions were successful.

Repeat Step 3 with the following modification: Use two
ATCRBS interrogations plus four Mode S interrogations
(with  short replies), each type of interrogation
approximately uniformly spaced within a single 1.6-
millisecond interval, followed by a 998.4-millisecond
interval with no interrogation. If the transponder is so
equipped, two of the Mode S interrogations require long
replies instead of all short replies. Determine reply ratio for
each type of interrogation.

Rationale:

In order to align with DO-181D,
step 6 is not required under
environmental conditions.

. . . . Agreed
[This procedure step is not required under environmental
conditions. ]
5.4.2.6 Reply Rate Limiting (Paragraph 3.11) Agreed Rationale:
. . . .. ree . .
[This procedure is not required under environmental conditions. (a?ready the In order to align with DO-181D,
case) this procedure is not required
under environmental conditions.
54.2.6.1 Test Equipment

a.
b.

2 Transponder Test Sets.
Wide Band Dual Channel Oscilloscope
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5.4.2.6.2 Test Procedure
Connect the equipment as shown in Figures 5-5 and 5-6.

a. STEP 1 - Determination of Mode A/C Reply Rate Limit
With the Mode A code set to 0000, interrogate the
transponder on Mode A at a rate greater than 2 000
interrogations per second.

Record the reply rate at the maximum and minimum
settings of the reply rate limit control.

Set the reply rate limit control to 1 200 replies/sec or the
maximum rate below 1 200 replies/sec for Class 2
transponders.

b.  STEP 2 - Mode S Reply Rate limiting (Paragraph 3.11)

NOTE: This test only needs to be performed if a reply rate
limiting device is provided.

Interrogate the transponder with standard UF=4

interrogation requiring a long reply at a rate equal to 1.5-

times the Mode S reply rate limit.

Record the squitter reply rate.

For a transponder equipped with the optional long air-air

formats, interrogate the transponder as above and with

interrogations requiring a DF=16 reply at a rate of 10

interrogations per second and record the DF=16 reply rate.
c. STEP 3 - Sensitivity Reduction

Set the transponder Mode C code to 0000 and the Mode A
code to any value other than 0000.

Interrogate the transponder with :

(1) Mode C interrogations at MTL+20dB at a continuous
rate of 1 200 interrogations/sec, and

(2) unsynchronised Mode A interrogations at MTL+3dB, at
a continuous rate of 600 interrogations/sec

Verify that the transponder replies to at least 90% of the

Mode C interrogations at the signal level of MTL+20dB,

and that it does not reply to more than 10% of the Mode A

interrogations.

5.4.3 Reply Characteristics 2323 Reply Pulse Characteristic

5431 Mode A/C Replies

23231 ATCRBS Reply Pulse Characteristics (§2.2.4.1)
(Paragraph 3.5)

543.1.1 Test Equipment
a. Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope.
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543.1.2

Test Procedures

Connect the equipment as shown in Figure 5-3.

a.

STEP 1 - Mode A/C Reply Pulse Spacing (Paragraphs
3.5.1,3.5.2,3.55)

Set a transponder for a 15-pulse reply (Mode A code 7777
with SPI pulse).

Interrogate the transponder on Mode A and display the
reply pulses on the wide band oscilloscope.

Record the spacing of each reply pulse with respect to the
first framing pulse and the spacing between information
pulses.

STEP 2 - Mode A/C Reply Pulse Shape (Paragraph 3.5.4)

Set the transponder for a 15-pulse reply (Mode A with
SPI).

Interrogate the transponder on Mode A.

Record the duration of each reply pulse.
Record the rise and decay times of each pulse.

Record the pulse amplitude variations of each pulse with

respect to all other pulses in the reply train.

CAUTION: If the detector is not known to be linear,
checks should be made to determine what
amplitude points on the detected pulse
correspond to the 10% and 90% amplitude
points of the RF pulses. In addition, checks
should be made to determine the rise time of
the detector.

STEP 3 - SPI Pulse (Paragraph 3.5.3 and 3.5.5)

Interrogate with Mode A interrogations.

Activate the SPI pulse control.

Record the position of the SPI pulse with respect to the last

framing pulse and the time the pulse remains in the reply

train.

[This procedure step is not required under environmental

conditions. ]

STEP 4 - SPI Pulse with Mode C Interrogations (Paragraph

3.5.3)

Interrogate with Mode C interrogations.

Activate the SPI pulse control and verify that the SPI pulse
is not transmitted.

[This procedure step is not required under environmental
conditions. ]

Agreed

Agreed

Step 1 ATCRBS Reply Pulse Spacing and Width (§ 2.2.4.1)

Interrogate with a standard Mode A interrogation. Use a 15-
pulse reply group (7777 with SPI) and measure the time
between the first and last framing pulses. This time shall be
20.30 +0.10 microseconds. Measure the width of the first
and last pulses. This width shall be 0.45 =+0.10
microseconds. Observe that all code pulses are of equal
width and stable in position with respect to the first pulse.

Note:

DO-181D Step 1 is effectively
the same as ED-73D Step 1 and 2
in regard to validating ATCRBS
Reply Pulse characteristics with
the exception of the SPI pulse.
Therefore DO-181D is modified
to include the SPI pulse. Once
this is done, then there is no need
for ED-73D Step 3 and 4 to be
performed during environmental
conditions as the SPI has already
been checked.

Rationale:

In regards to ED-73C Step 3 and
4, see Note directly above.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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543.2.1 Test Equipment
Transponder Test Set
Wide Band Dual Channel Oscilloscope.

IS

54322

WG-49 .

Agreed Rationale:

STEP 1 to ED-73C Step 1 through Step 6

STEP 6 only should not be necessary under

in high environmental conditions since

temperature appropriate testing of Mode-S
Replies is provided in section
54.3.42.  Therefore, Step 1

Rework in through 6 are annotated as not

DO 181 being required under

environmental conditions.

WGL1 — Agreed to repeat steps
1 through 6 from 2.4.2.3.3 and
copy them into section 2.3.2.3.2

I
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Special Note RHS: Note that DO-181D does not provide for Step 1 —through-6 above under environmental conditions. DO-181D does provide EFFECTIVELY but NOT
EXACTLY the same tests in ambient testing performed in Section 2.4.2.3.2. An argument can be made by the vendors that pulse characteristics for
ATCRBS are performed above under environmental conditions and since the same modulator and RFPA is used to develop both ATCRBS and MODE S
pulses, there should be no need to test MODE S pulses again after testing has been demonstrated over environmental conditions for ATCRBS. At any
rate, SC-209 needs to address this issue and come to agreement with WG-49. Note that WG-49 has agreed to performing the tests only under
temperature testing.

chon on Special Note in Regards to Squitter Generation:
o]

54322
(continued)

The entire issue of testing squitter (acquisition and/or extended) during
environmental conditions needs to be re-addressed by both SC-209 and WG-49.

Normally, detailed squitter testing has been done in DO-181C/D in section 2.5
which represents protocol testing which is not performed under environmental
conditions.  Specifically, DO-181C/D section 2.5.4.6, Procedure #6 Squitter
Verification provides for Acquisition Squitter verification in section 2.5.4.6.1 and
extended squitter verification in section 2.5.4.6.2., with squitter control being
verified in section 2.5.4.6.3.

ED-73B/C only provides for minimal squitter verification in section 5.5.8.6 which
refers to section 5.4.11.2 for Acquisition Squitter.

With the addition of section 3.28 to ED-73C for Extended Squitter, detailed test
procedures have been added into section 5.4.3.2.2 Step 7 (directly at left) and in the
following sect ion 5.4.3.2.3. As such, detailed squitter protocol testing has been
moved into the normal ambient conditions unit testing by ED-73B/C. This is in
direct controversy to DO-181C/D which has always maintained that detailed
squitter testing is a protocol issue and is therefore in Section 2.5.

il

Now, it is apparent that some squitter testing should be done under environmental
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testing; however, it is NOT feasible to perform detail extended squitter protocol
testing during environmental conditions as proposed in ED-73C section 5.4.3.2.3.
Rather, such detailed verification of section 3.28 should be moved into section 5.5.
Then, an agreed representative test procedure should be established for both ED-
73C Section 5.4.3.2.3 and DO-181C section 2.4.x.X.

Next, review of the procedures given below in section 5.4.3.2.3 indicates that
registers shall be loaded with values such as 0A AA AA AA... This was possible
in the early expected transponder configurations when interfaced with an ADLP.
As such, these tests can only be performed via the ADLP interface. Such use of the
ADLP interface is no longer practical when in comes to loading ADS-B registers.
Rather, appropriate procedures must be generated to provide detailed position,
velocity, status (e.g., state vector, status information) to an appropriate interface and
then verify that the extended messages are being broadcast during environment
conditions.

In short, the entire issue of squitter testing under environmental conditions MUST
be addressed and agreed as soon as possible.
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Action on | See Special Note provided above in section 5.4.3.2.2.
Bob

54323

In general, WG-49 agreed that the detailed extended squitter
testing needs to go into the protocol testing section, e.g., 5.5, as is | WG1 — disagrees that there
done in DO-181D section 2.5. Appropriate simplified tests need | should be any Extended

to be developed to be used for both ED-73C and DO-181D Squitter testing in

under environmental conditions. environmental. There will be a
Working Paper produced for
Action was assigned to RHS to address this issue and hopefully the WG-49 meeting in

provide appropriate tests for the Cologne meeting in November. | November to address this issue.

Ll
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54324

L
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5433 Mode A/C Reply Delay and Jitter (Paragraph 3.7.1) 2.3.23.1 ATCRBS Reply Pulse Characteristics (§ 2.2.4.1)
54.3.3.1 Test Equipment
a.  Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope.
5.4.3.3.2 | Test Procedures
Connect the equipment as shown in Figure 5-3.
a. STEP 1 - Reply Delay (Paragraph 3.7.1 a.) Step 2 Reply Delay and Jitter (§2.2.4.1.6 a and b) Note:
Interrogate the transponder with a Mode A interrogation. Connect the equipment as shown in Figure 2-26. Interrogate | DO-181D Step 2 is effectively the
Synchronise the oscilloscope using the leading edge of P3. the transponder with a standard Mode A interrogation. | same as ED-73C Step 1 and 2.
Record the average delay between the leading edge of P3 Measure the average delay between the leading edge of P3
and the leading edge of the first reply pulse at the 50% and the leading edge of the first reply pulse at the 50%
amplitude points, for signal levels of MTL, -50 dBm and amplitude points and the extreme positions of the leading
21 dBm. edge of the first reply pulse at signal levels of MTL +3 dB, - )
: e i 50 dBm and -21 dBm. Rationale:
[Under environmental conditions, it is sufficient to perform Agreed Minor changes made to ED-73C
the above test at signal levels of MTL + 3 dB, -50 dBM, Step 1 and 2 as shown in red in
and -21 dBm.] order to align with DO-181D.
b.  STEP 2 - Reply Jitter (Paragraph 3.7.1 b.)
Repeat STEP 1 recording the difference in extreme
positions of the leading edge of the first reply pulse for
signal levels of MTL +3 dB, -50 dBm, and -21 dBm. Agreed
c.  STEP 3 - Reply Delay Variation (Paragraph 3.7.1 c.)
Repeat STEP 1 using alternate Mode C and Mode A
interrogations. Record the reply delay variation between Rationale:
modes. -
Delet d tep in ED-73C
[Thisl proccdurc step is not required under environmental | Agreed ineofr:deerp tr(()) (;fl:ingiv?tlileg- 181D.
conditions. ]
5.434 Mode S Reply Delay and Jitter (Paragraph 3.7.2a) 2.3.23.2 Mode S Replies (§2.2.4.2)
54.3.4.1 Test Equipment
a.  Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope
5.4.3.4.2 | Test Procedures

Connect the equipment as shown in Figure 5-3.
a. STEP 1 - Mode S Reply Delay and Jitter

Interrogate the transponder with a Mode S interrogation
using any format for which a reply is required.

Synchronise the oscilloscope to the interrogation. For
signal levels of MTL, -50 and -21 dBm, record:
(1) The difference in extreme positions of the
leading edge of the first reply pulse, and

Step 1 Mode S Reply Delay and Jitter (§ 2.2.4.2.5 a)

Interrogate the transponder with a standard Mode S
interrogation using any format for which a reply is required.
Measure the extreme positions of the leading edge of the first
reply pulse, at signal levels of MTL +3 dB, -50 dBm and -21
dBm, and the delay between the P6 sync phase reversal
transient and the leading edge of the first reply pulse.

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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2) The average delay between the P6 sync-phase
reversal and the leading edge of the first reply
pulse.

b. STEP 2 - Mode A/C/S All-Call Reply Delay and lJitter

(Paragraph 3.7.2 b)
Interrogate the transponder with a Mode A/C/S All-Call

interrogation. Synchronise the oscilloscope to the
interrogation.

For signal levels of MTL+3dB, -50dBm and -21 dBm,
record :

€8 the difference in extreme positions of the
leading edge of the first reply pulse,

2) the average delay between the leading edge of
P4 and the leading edge of the first reply pulse.

Step 2 ATCRBS/Mode S All-Call Reply Delay and Jitter (§

22.4.2.5b)

Interrogate the transponder with a standard ATCRB S/Mode
S All-Call interrogation. Measure the extreme positions of the
leading edge of the first reply pulse at signal levels of MTL
+3 dB, -50 dBm and -21 dBm, and the delay between the
leading edge of P4 and the leading edge of the first reply
pulse.

544 Side Lobe Suppression (Paragraph 3.8) 2324 Side Lobe Suppression (§2.2.5)
5.4.4.1 Mode A/C, Mode A/C-only All-Call and Mode A/C/S All-
Call

54.4.1.1 Test Equipment

a.2 Transponder Test Sets.

b. Wide Band Dual Channel Oscilloscope.

c. 3 Port Divider.
5.4.4.1.2 Test Procedure

Connect the equipment as shown in Figure 5-5.

a. STEP 1 - Suppression Duration (Paragraph 3.8.1 a.)

Interrogate the transponder at 450 interrogations per

second with a P1-P2 pulse pair followed after 50 ps, by a

P1 -P3 (Mode A, 8 ps) pulse pair.

NOTE: All pulse levels should be set to -24 dBm; any
reply code may be selected.

Reduce this 50 ps interval until the transponder reply

rate falls below 10%.

Measure the time interval between the leading edges of

P2 and P1 (of the P1-P3 pair), and record this as the

suppression duration S(8).

Repeat the above procedure using Mode C (21-

microsecond spacing) for the P1-P3 pair; record the

result as suppression duration S(21).

b.  STEP 2 - Suppression Re-initiation (Paragraph 3.8.1 c.)

With an interrogation rate of 450 interrogations per
second, generate a first P1-P2 pair followed by a second

Note 1:

ED-73 Step 1 and DO-181D Step
4 are effectively equivalent with
the exception that ED sets the
reply rate at 10% and DO-181D
sets the reply rate at “ceases to
reply”.

Recommend change to DO-181D,
Step 4 as annotated below. DO-
181D does not repeat the test
using Mode-C. Therefore, Step 4,
below, is amended as needed.
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P1-P2 pair such that the spacing between P2 of the first
pair and P1 of the second pair is S(8) plus 2 us.

Generate a third pair, P1-P3 Mode A, 50 ps after the
second pair.

NOTE: All pulse levels should be set to -24 dBm, any reply
code may be selected.

Reducing the interval between the P1-P2 pair and the P1-
P3 pair, record the interval at which the transponder
replies fall below 10%.

Repeat the test using Mode C spacing for the P1-P3 pair
and determine suppression duration S(21).

[This procedure step is not required under environmental | Agreed

L Rationale:
conditions. ] Rratonale.

. Delete procedure step in ED-73C
c. STEP 3 - Recovery After Suppression (Paragraph 3.8.1 in order to align with DO-181D.

d.) Repeat STEP 1 using the following signal levels:

(1) PI1-P2 pair =-30 dBm;

(1) PI1-P3 pair= MTL.

Record the reply ratio observed when the P2
(suppression) P1 (interrogation) spacing is no more than
1 pus greater than S(8, 21) determined in previous steps. Delete procedure step in ED-73C
[This procedure step is not required under environmental | Agreed in order to align with DO-181D.
conditions. ] Recommendation:

d. STEP 4 - SLS Decoding (Paragraph 3.8.2 a.) Step 1 SLS Decoding [.8 2.2.51a(1) and. (3“‘ DO-181D Step 1, change “one
Interrogate the transponder with a Mode A interrogation (}Jlonnect the equlpr;lent as shown in Fi ure 2-27. ‘Inter;ogate percent” —to- “10%".
including a P2 pulse; (RF signal levels MTL+3dB, -50 ¢ etr.ansploilderlwn a standard Mode A 1ntelrr0%agon P lus PlZ
dBm and -21 dBm; P2 level = P1 level). RF signal leve to be a}t MTL +3 dB; P2 level = P1 level..
Verify that the reply ratio is less than one percent.

Rationale:

Recommendation:

As the P1-P2 spacing is varied over the range from 1.85 . DO-181D Step 2. chanee “-60
to 2.15 ps, record the reply ratio and verify that it does Step 2 SLS Dynamic Range [§ 2.2.5.1 a (1) and (3)] dBm. -40 dera)lnd’-Zl ngm” ey
not exceed 10%. Repeat Step 1 at RF signal levels: -60 dBm, -40 dBm and -21 «_50 ’dBm and -21 dBm”. Change
[Under environmental conditions, it is sufficient to dBm. is needed in order to align with
perform this test step with the RF signal level set to MTL | Agreed ED-73C.

+3 dB] Note:

DO-181D Step 1 and 2 are
equivalent to ED-73C Step 4 once
the above recommended changes
are made.

WGL1 - agreed that there be no
change to DO-181D

Apparently Step 5, below, is missing in DO-181D. Action to Bob (RHS) to verify whether it is covered somewhere else in the document. If not, then it needs to be added.

Review of DO-181D did not indicate that P2 short pulse duration was being tested anywhere in section 2.4 or 2.3. Therefore, SC-209 needs to decide whether or not to add the
test.

e. STEP 5 - Short Duration P2 (Paragraph 3.8.2 b (3)) | ‘ WG1 — Saffell will check and
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Interrogate the transponder with a Mode A interrogation
with :

(1) P2level =P1 level,
(2) P2 duration less than 0.3 ps.

Record the reply ratio and verify the minimum is at least
90% at signal levels of MTL+3dB, -50 and -21dBm.

write a test.

STEP 6 - SLS Pulse Ratio (Paragraph 3.8.2 b (1))

Interrogate the transponder with a Mode A interrogation
including a P2 pulse; (P2 level = P1 -9dB).

As the P1-P2 spacing is varied over 1 to 3 ps, record the
reply efficiency and verify that the minimum is at least
90% at signal levels of MTL+3dB, -50 and - 21dBm.

STEP 7 - Suppression on Mode A/C/S All-Call Repeat
STEP 4, STEP 5, and STEP 6, with Mode A/C/S All-Call.

[This procedure step is not required under environmental
conditions. ]
STEP 8 - Simultaneous Interrogation of Mode A/C with

P2 (Simultaneous decoding of Mode A/C interrogation
with Mode A/C suppression) (Paragraph 3.8.2 d.)

Interrogate the transponder with a Mode A pulse pair
with:

(1) REF signal level =-50dBm,
(2) P2level =P1 level.

Generate a 0.8 us pulse, at the same level as P2, 8 pus
before the leading edge of P2.

Observe that the reply ratio is less than 10%.

Repeat this test with the 0.8 ps pulse, 21 ps before the
leading edge of P2.

[This procedure step is not required under environmental
conditions.

STEP 9 - Low Signal Level Characteristics (Paragraph
3.8.2¢c)

Interrogate the transponder with a Mode A interrogation,
including a P2 pulse (P2 = P1 level).

Vary the signal level from MTL to MTL+3dB. Verify
that the reply ratio does not exceed 10%.

[This procedure step is not required under environmental
conditions. ]

Agreed

Agreed

Agreed

Step 3 SLS Pulse Ratio (§ 2.2.5.1 b)

Repeat Step 1 at RF signal levels MTL +3 dB, -40 dBm and
-21 dBm. Set P, level 9 dB below Py level.

Repeat Step 1 at RF signal levels of MTL + 3 dB, -50 dBm
and -21 dBm. Set P, level 9 dB below P; Level. Verify that
the reply efficiency is at least 90%.

Step 4 Suppression Duration (§ 2.2.5.1 b)

Interrogate the transponder with a P; - P, ATCRBS
suppression pulse pair (2 microsecond spacing), followed
after 50 microseconds with a P, - P; (Mode A, 8
microseconds) pulse pair. Reduce the spacing of the P; - P;

Recommendation:

DO-181D Step 3. Delete the
yellow highlighted text at left in
the adjacent column and replace it
with the Red Text as shown in
order to align with ED-73C.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.
Recommendation:

DO-181D Step 4, change “ceases

to reply” —to- “reply rate is below
10%”.

44
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pair until the transponder ceases to reply. The time interval
between the leading edges of P, and P, (of the P, - P3 pair) is | Rationale:

the suppression duration. . Add Mode C interrogation to DO-
Repeat the procedure using Py — P3; (Mode C, 21 | 181D in order to align with ED-
microseconds) pulse pair interrogations. 73C.

WG1 - agree to make the
change
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Connect the equipment as shown in Figure 5-3.

a.

STEP 1 - Pulse Level Tolerances, Mode A/C/S All-Call
(Paragraph 3.9.2 a.)

Using a Mode A interrogation followed by a 1.6-is P4
pulse at its nominal position, interrogate at the standard
rate and at an RF signal level 10 dB above MTL.

Vary the level of the P4 pulse between -10 dB and 0 dB
with respect to P3. Measure and record :

(1) the highest level of P4 relative to P3 at which 90%
Mode A replies occur.

Step 1 Pulse Level Tolerances, ATCRBS/Mode S All-Call (§

2.2.6.1.1)

Connect the equipment as shown in Figure 2-26. Interrogate
at the standard rate and at an input level 10 dB above MTL.
Use an ATCRBS Mode A interrogation followed by a 1.6-
microsecond P4 pulse in its nominal position. Vary the level
of the P4 pulse between -10 and 0 dB in 1 dB steps with
respect to P3. Verify the changeover from ATCRBS to Mode
S replies at the relative P4 levels specified in §2.2.6.1.1 a
and b.

EUROCAE ED-73B/C RTCA DO-181D COMMENT
5.4.4.2 Mode S Formats (Paragraph 3.8.3) A(i;rezd " Rationale:

[This procedure is not required under environmental conditions. ] (czsr:; v e In order to align with DO-181D,
this procedure is not required
under environmental conditions.

54.4.2.1 Test Equipment

a. 2 Transponder Test Sets.

b.  Wide Band Dual Channel Oscilloscope.

c. 3 Port Divider.

5443 Test Procedure
Connect the equipment as shown in Figure 5-5. Not
. . ote:
a. STEP 1 - Conditions under which a Transponder must - . )
not reply P5 SLS t'estmg equlyalent 'to ED-
Set the master test set to generate a Standard Mode S 73C section 5.4.4.3 Is provided in
i paragraphs 2 and 3 of DO-181D
only All-Call at levels of MTL+3dB, -60 dBm, -40dBm section 2.3.2.7 shown below.
and -21 dBm. Rational
nale:
[Under environmental conditions, it is sufficient to A d Va 1ona’e o
perform this test step at levels of MTL + 3 dB and -21 gree Signal level limit changes to ED-
73C are recommended in order to
dBm only.] ’ /
. . align with DO-181D.
Set the slave test set to generate a 0.8 is duration pulse at
the PS5 nominal position and at a level of P6+3dB.
Verify that the reply ratio is less than 10%.
b. STEP 2 - Conditions under which a Transponder must
reply Repeat STEP 1 with P5 pulse at a level of P6-
12dB. Verify that the reply ratio is at least 99%.
545 Pulse Decoder Characteristics (Paragraph 3.9) 2.3.25 Pulse Decoder Characteristics (§2.2.6)
5.45.1 Test Equipment
a.  Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope.
5.45.2 Test Procedure

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):
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(2) the lowest level of P4 relative to P3 at which 99%
Mode S replies occur.
Repeat the test at RF signal levels -60, -40 and -21 dBm. Rationale:

Repeat the tests using a Mode C interrogation.

Change interrogation type and

[Under environmental conditions, it is sufficient to | Agreed signal levels in ED-73C in order
perform this test step using only Mode A interrogations to align with DO-181D.
having an RF signal level of MTL + 10 dB.]
STEP 2 - Pulse Level Tolerances. Mode A/C-Only All- Step 2 Pulse Level Tolerances, ATCRBS-Only All-Call (§
Call (Paragraph 3.9.2 b.) 2.2.6.1.2)
Use set-up and signal levels as in STEP 1 above but use Use setup and signal levels as in Step 1 above but employ a
a 0.8 us P4. Vary the level of the P4 pulse between -10 0.8 microsecond P4. Vary the level of the P4 pulse between -
and 0 dB with respect to P3. 10 and 0 dB in 1 dB steps with respect to P3. Verify the
Measure and record the P4 levels relative to P3 at which Changeovef from ATCRBS replies to no replies at the
the Mode A reply rate falls below: relative P4 levels specified in paragraphs 2.2.6.1.2 a. and b.
(1) 90%
2) 10%.
Repeat the test at input signal levels -60, -40 and -21
dBm. . ) ) Rationale:
Repeat the tests using a Mode C interrogation. Change interrogation type and
[Under environmental conditions, it is sufficient to Agreed signal levels in ED-73C in order
perform this test step using only Mode A interrogations to align with DO-181D.
having an RF signal level of MTL + 10 dB.]
STEP 3 - Pulse Position Tol . (P1-P3) Mode A/C- .
USC LOSLA0N S0 CIANces ( ) Mude Step 3 Pulse Position Tolerances, P1/3, ATCRBS-Type
Type Interrogations (Paragraphs 3.9.3 a. & c.) -
- - ) . Interrogations (§2.2.6.2 a and b)
Using signal levels of MTL+10dB, interrogate with : . .
Use setup and signal levels as in Step 1 above. Interrogate
(1) Mode A; with:
(2)  Mode C; a.  ATCRBS Mode A
(3)  Mode A/Mode S All-Call; b.  ATCRBS Mode C/Mode S All-Call
(4)  Mode C/Mode S All-Call; For each interrogation type vary the P1 -P3 spacing within
(5) Mode A-Only All-Call; the required acceptance range (§2.2.6.2 a) and verify that the
(6) Mode C-Only All-Call. reply ratio is at least 90%.
For each interrogation type,
(1) wvary the PI1-P3 spacing within the required
acceptance range and record the minimum reply
ratio,
(2) vary the P1-P3 spacing to fall out of the permitted
acceptance range and record the maximum reply
ratio;
(3) record the reply ratio to both the Mode A/C-Only ionale:

All-Call modes. Rationale: ?' ) .
[Under environmental conditions, it is sufficient to Change ¥nterr0gat10n ]t.ypes ‘IE
perform this test step using only Mode A and Mode | Agreed ED-73C in order to align wit
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C/Mode S All-Call interrogations. ] DO-181D.
STEP 4 - Pulse Position Tolerances, P4, Mode A/C/S
All-Call Interrogatio(Paragraphs 3.9.3 b. & d.) Step 4 Pulse Position Tolerances, P4, ATCRBS/Mode S All-Calls
Using signal levels as in STEP 1, interrogate with (§2.2.6.2aandc)

(1) Mode A/Mode S All-Call, Use setup and signal levels as in Step 1 and interrogate with
(2) Mode C/Mode S All-Call. For each interrogation an ATCRBS. Mode A/Mode S All-Call. Vary the P3'.P4
type spacing within the required acceptance range. Determine
' o . fi t i ts as in Step 3.
- vary the P3-P4 spacing within the required corlormance fo requirements as i Step
acceptance range and record the minimum
reply ratio;
- vary the P3-P4 spacing to fall out of the
permitted acceptance range and record the
maximum reply ratio;
- record the reply ratio to both the Mode A/C-
Only All-Call modes. )
Rationale:

[Under environmental conditions, it is sufficient to
perform this test step using only Mode A/Mode S All-
Call interrogations.]

STEP _ 5-Pulse Duration Tolerances
Interrogations (Paragraphs 3.9.4 a.)
Using signal levels as in STEP 1 above, interrogate with
(1) Mode A,

(2) Mode C. For each interrogation type,

Mode A/C

- vary the Pl duration within the required
acceptance range and record the minimum
reply ratio;

- vary the Pl duration to fall out of the
permitted acceptance range and record the
maximum reply ratio.

Repeat test varying the P3 duration in the same manner.

[This procedure step is not required under environmental
conditions. ]

STEP 6 - Pulse Duration Tolerance, Mode A/C/S All-
Call Interrogations (Paragraphs 3.9.4 b. & c.)

Using signal levels as in STEP 1 above, interrogate with:

(1) Mode A/Mode S All-Call,

(2) Mode C/Mode S All-Call. For each interrogation
type,

- vary the Pl duration within the required
acceptance range and record the minimum
reply ratio;

- vary the P1 duration to fall out of the

Agreed

Agreed
To perform
this step
only under

temperature.
Bob has an

action to
contact the
other
vendors
regarding
this step

Agreed
To perform
this step
only under

temperature.
Bob has an

action to
contact the
other
vendors
regarding

Change interrogation types in
ED-73C in order to align with
DO-181D.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.
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permitted acceptance range and record the
maximum reply ratio.

Repeat test varying the P3 duration in the same manner.
Repeat test varying the P4 duration in the same manner.

[This procedure step is not required under environmental
conditions. ]

this step

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.

Note that WG-49 has agreed to using Step 5 and Step 6 during t

emperature testing only. Action to Bob (RHS) to work agreement with other ven

dors and SC-209 in general. If

agreed by SC-209, then the steps need to be added to DO-181D and annotated accordingly.
g. STEP 7-Short Pulse Rejection, Mode A/C or Mode Step 5 Short Pulse Rejection, ATCRBS-Type Interrogations (§
A/C/S All-Call Interrogations (Paragraph 3.9.4 d.) 2.2.63¢)
With an RF signal level at MTL, interrogate with each of Use setup as in Step 1 and set signal input level to MTL for
the following interrogation types: each of the following interrogation types:
(1) Mode A, a.  ATCRBS Mode A
(2) Mode C/Mode S All-Call. In each case, reduce the b.  ATCRBS Mode C/Mode S All-Call
P1 duration to 0.3 ps and record the reply ratio. For each interrogation type set P1 duration to 0.25
Repeat the tests at 5 dB increments up to -45 dBm input microsecond and verify that less than 10% replies are
level. Repeat the tests reducing the P3 duration in the generated. Repeat test for a P3 duration of 0.25 microsecond.
same manner. Repeat tests at -60 dBm and -45 dBm input level.
[Under environmental conditions, it is sufficient to Rationale:
perform this test step using input signal levels of MTL, - . o .
60 dBm, and -45 dBm. It is also sufficient to perform | a d Signal level ]lm»lt’ pulse duration,
. . . . gree and reply efficiency changes to
the tests with P1 set to a duration of 0.25 microseconds ED-73C  are recommended in
and then verifying that there are less than 10% replies to order to alien with DO-181D
the interrogations provided. ] £ ’
h. STEP 8 - SVIIC Phase Reversal Position Tolerance (from Step 6 Svnc Phase Reversal Position Tolerance (from Pz)
P2) (Paragraph 3.9.5b.) (8§2.2.6.4)
NOTE: STEP 8 or STEP 9 may be used depending on the Generate a standard Mode S-Only All-Call interrogation at
design of the transponder. MTL +3 dB. Vary the spacing between the P6 sync phase
Set the Transponder Test Set to generate a Mode S-Only reversal and either P2 or P6 as applicable by 200
All-Call interrogation at MTL+3dB. nanoseconds from the nominal spacing. Measure the range
Vary the spacing between the leading edge of P2 and the Ozeg(;vg]l; h M(()idez? (r%)hes are received. Repeat for P1 levels
P6 sync-phase reversal transient by £200 nanoseconds ot- mand - m.
from the nominal 2.75 ps.
Record the ranges over which at least 90% Mode S replies
are received. Record the points at which no Mode S
replies are received.
Repeat for RF signal levels between -50 and -21 dBm in
5 dB steps.
[Under environmental conditions, it is sufficient to Agreed Rationale:
perform this test step using signal levels of MTL + 3 dB, —_—
-50 dBm and -21 dBm.] Signal level limit changcs to ED-
i STEP 9 - Sync Phase Reversal Position Tolerances (from 73C are recommended in order to
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P6) (Paragraph 3.9.5¢.) align with DO-181D.

Set the Transponder Test Set to generate a Mode S-Only
All-Call interrogation at MTL+3dB.

Vary the spacing between the leading edge of P6 and the
P6 sync-phase reversal transient by +£200 nanoseconds
from the nominal 1.25 ps.

Record the range over which at least 90% Mode S replies
are received. Record the points at which no Mode S
replies are received.
Repeat for RF signal levels between -50 and -21 dBm in
[Under environmental conditions, it is sufficient to
perform this test step using signal levels of MTL + 3 dB, | Agreed - o
-50 dBm and -21 dBm.]5 dB steps. Signal level limit changes to ED-
j- STEP 10 - Simultaneous Interrogation of Mode A and Zﬁcna\iitfg)g]_ Tgﬁc)led in order to
Mode C (Paragraph 3.12.2) g ’

Interrogate with Mode C.

Rationale:

Inject a 0.8 ps pulse of amplitude equal to P1 and P3,
such that it occurs 8 us before the P3 pulse of a Mode C
interrogation.

Record that all replies are Mode C replies.

[This procedure step is not required under environmental A q Rationale:
o ree
conditions.] g In order to align with DO-181D,

this procedure is not required
under environmental conditions.
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5.4.6 Transponder Desensitisation and Recovery (Paragraph 3.10) 2.3.2.6 Transponder Recovery and Desensitization (§ 2.2.7)
5.4.6.1 Test Equipment
a. 2 Transponder Test Sets.
b.  Wide Band Dual Channel Oscilloscope.
c. 3 Port Power Divider.
5.4.6.2 Test Procedure
Connect the equipment as shown in Figure 5-5.
a. STEP 1-Mode A/C Single Pulse Desensitisation and Step 1 ATCRBS Single Pulse Desensitization and Recovery (§
Recovery (Paragraphs 3.10.1 a. and 3.10.2) 2.2.7.1.1and 2.2.7.2)
Set the master test set to generate a single pulse not less Connect the equipment as shown in Figure 2-27. Set the | Rationale:
than 0.7 pus wide at the Mode A/C interrogation rate and master test set to generate a single pulse not less than 0.7 Minor additions to ED-73C in
a power level equal to 50 dB .above MTL. Agreed microsecond wide at the standard ATCRBS interrogation rate order to align with DO-181D
Set the slave test set to generate a Mode A interrogation and a power level equal to 50 dB above MTL. Set the slave
delayed 3 ps from the trailing edge of the single pulse. Agreed test set to generate an ATCRBS Mode A interrogation
Record th litude of the slave test set sienal ired delayed 3 microseconds from the trailing edge of the single
; ecor d e;(r)r;/p ! ule N i ¢ stave test set signal require pulse. Determine the amplitude of the slave test set signal
0 produce o reply ratio. required to produce 90% reply efficiency. Repeat for master | Rationale:
Repeat for master to slave test set delays of 6, 10 and 15 ps. to slave test set delay of 15 microseconds. Delay requirements reduced in
[Under environmental conditions, it is sufficient to Agreed ED-73C in order to align with
perform this test step with master to slave test set delays DO-181D.
of 3 and 15 microseconds.]
b. STEP 2 — Recovery from a Mode S Interrogation
Requiring No Reply (Paragraph 3.10.2 c.) Step 2 Recovery from a Mode S Interrogation Requiring No Reply
Set the master test set to generate a short Mode S £§?’2'7'2'.1 .
surveillance interrogation with broadcast address. With equipment connected as shown in Figure 2-27, set the
Set the slave test set to generate a Mode A interrogation m?Ster tf.s t set.ﬂtlob get(lieratte Z drshortsl\/t[(;}clie lS Sulgvetllla?ie Rationale: Power level
at a power level equal to 3 dB above MTL and delayed | Agreed interrogation with broaccast address. Set the stave test set to requirements added in ED-73C in

with respect to the Mode S interrogation.

Record the minimum delay time between the master and
the slave test sets necessary to elicit a Mode A reply
ratio of 90%.

c. STEP 3 - Recovery from a Mode S Comm-C
Interrogation Requiring No Reply (Paragraph 3.10.2 d.)

Set the master test set to generate the initial segment of a
properly addressed Comm-C interrogation at a signal
level of -21 dBm.

Set the slave test set to generate a Mode A interrogation
delayed 45 ps from the sync-phase reversal of the master
interrogation.

Vary the amplitude of the slave test signal and record the
minimum level required to produce 90% Mode A reply

generate an ATCRBS Mode A interrogation at a power level
equal to 3 dB above MTL. Measure the delay time between
the master and the slave test sets necessary to elicit a reply
efficiency of 90%.

Step 3 Recovery from a Mode S Comm-C Interrogation (§

22.7.2.2)

With equipment connected as shown in Figure 2-27, set the
master test set to generate the initial segment of a properly
addressed Comm-C interrogation at a signal level of -21
dBm. Set the slave test set to generate an ATCRBS Mode A
inter-rogation delayed 45 microseconds from the sync phase
reversal of the master interrogation. Determine the amplitude
of the slave test signal required to produce 90% reply
efficiency.

order to align with DO-181D.
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ratio.
STEP 4 - Recovery from a Suppression Pair or Step 4 Recovery from a Suppression Pair (§ 2.2.7.2.1)
unaccepted Mode A/C/S All-Call or Mode A/C-Only Rationale:

All-Call (Paragraphs 3.10.2 e, and 3.10.2 g.)

Set the master test set to generate a P1-P2 pulse pair at
the Mode A/C standard interrogation rate and a power
level equal to -35 dBm.

Set the slave test set to generate a Mode S-Only All-Call
interrogation delayed 10 ps after the last pulse of the
master test set interrogation.

Record the reply ratio. [Replace with the following
sentence.]

Determine the amplitude of the slave test set signal
required to produce 90% reply efficiency.

[The following paragraph of this test step is not required
during environmental conditions. |

Lock out the transponder to All-Calls and repeat the
procedure with Mode A/C/S All-Call and Mode A/C-
only All-Call interrogations in place of the suppression
pair.

STEP 5 - Narrow Pulse Performance (Paragraph 3.10.1
b.)

Set the master test set to generate a single pulse between
0.6 and 0.7 ps wide, at the Mode A/C interrogation rate
and level.

Set the slave test set to generate a Mode A interrogation
delayed 3 pus from the single pulse.

Record the amplitude of the slave test set signal needed
to produce 90% reply ratio.

Repeat for master to slave test set delays of 6, 10 and 15
us.

[This procedure step is not required under environmental
conditions. ]

STEP 6 - Dead Time (Paragraph 3.10.3)

Set the master test set to generate a Mode A/C/S All-Call
interrogation at a level of -21 dBm.

Set the slave test set to generate a Mode S-Only All-Call
interrogation at a level of 3 dB above MTL.

Record the time delay between the end of the reply to
the master interrogation and the start of the slave
interrogation that elicits a 90% reply ratio from the
transponder.

Repeat with the master test set generating a Mode S-

Agreed

Agreed

Agreed

Agreed

With equipment connected as shown in Figure 2-27, set the
master test set to generate a P; - P, pulse pair at the ATCRBS
standard interrogation rate and a power level equal to -35
dBm. Set the slave test set to generate a Mode S-Only All-
Call interrogation delayed 10 microseconds from the trailing
edge of the P, pulse of the master test set interrogation.
Determine the amplitude of the slave test set signal required
to produce 90% reply efficiency.

Power level requirements added
in ED-73C in order to align with
DO-181D.

Rationale:

Observation requirements
changed in ED-73C in order to
align with DO-181D.

Rationale:

Lock Out requirements reduced
in ED-73C in order to align with
DO-181D.

Rationale:

In order to align with DO-181D,
this procedure is not required
under environmental conditions.

Rationale:
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Only All-Call at -21 dBm and the slave test set
generating a Mode A interrogation at MTL+3dB. Agreed

[This procedure step is not required under environmental
conditions.

g. STEP 7 - Recovery From a Mode S Interrogation Which
Has Not Been Accepted (Paragraph 3.10.2 f)
Set the master test set to generate a Mode S surveillance
interrogation but with an address different from the
standard.

Set the slave test set to generate a Mode A interrogation.
delays of 6, 10 and 15 ps.

Varying the delay between the master and the slave test
set signals, record the interval between the synch phase
reversal of the master test set signal and the P1 pulse of
the slave test set signal needed to produce 90% Mode A Agreed
reply ratio.

[This procedure step is not required under environmental
conditions. ]

In order to align with DO-181D,
this procedure is not required
under environmental conditions.

Rationale:

In order to align with DO-181D,
this procedure is not required
under environmental conditions.

Special Note in Regards to Step 7:
During troubleshooting of the “0607” issue with transponders in Europe, Step 7, above, was expanded to provide Step 7a —through- 7h, e.g., to include:

Recovery from a Mode-S interrogation which has not been accepted followed by ATCRBS Mode-A

Recovery from a Mode-S interrogation which has not been accepted followed by ATCRBS Mode-C

Recovery from a Mode-S interrogation which has not been accepted followed by Mode S-Only All-Call

Recovery from a Mode-S interrogation which has not been accepted followed by ATCRBS Mode A/Mode S All-Call
Recovery from a Mode-S interrogation which has not been accepted followed by ATCRBS Mode C/Mode S All-Call
Recovery from a Mode-S interrogation which has not been accepted followed by ATCRBS Mode A-Only All-Call
Recovery from a Mode-S interrogation which has not been accepted followed by ATCRBS Mode C-Only All-Call
Recovery from a Mode-S interrogation which has not been accepted followed by a directed Mode S

B ohe po om

Question to both working groups is whether or not this material needs to be added => Yes only in ambient
In keeping with the agreement to add the tests, such tests are added below by replacing Step g, e.g., 7 in ED-73C with the following:

Likewise, recommend that DO-181D Section 2.4.2.6. Step 7 be replaced with the following as shown in Column 4.

At one time, it was thought that these procedures would be added to both ED-73C and DO-181D. As of yet, neither of these documents appear to contain the new material.

(Note that the procedures added are those taken from updated WG49N8-17 as presented in Cologne in October, 2006, and include changes provided by E. Potier in WG49N5-07)

g. STEP7: RECOVERY (3.10.2.f) STEP 7: RECOVERY (2.2.7.2.4)
[This entire procedure is not required under environmental A Connect the equipment connected as shown in Figure
i greed

conditions. ] 2-27.

STEP 7A: RECOVERY FROM A MODE-S STEP 7A: RECOVERY FROM A MODE-S INTERROGATION
INTERROGATION WHICH HAS NOT BEEN WHICH HAS NOT BEEN ACCEPTED (2.2.7.2.4.)
ACCEPTED FOLLOWED BY ATCRBS FOLLOWED BY ATCRBS MODE-A
MODE-A Set the Master Test Set to generate a standard (i.e., -60

Set the Master Test Set to generate a standard (i.e., -60 dBm) Mode-S Surveillance interrogation with an

dBm) Mode-S Surveillance interrogation with an incorrect incorrect address (i.e., an address different from that of

address (i.e., an address different from that of the UUT

Rationale:

Add appropriate recovery testing
for differing types of
interrogations in order to isolate
problems such as those observed
with the “0607” issue in Europe.
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Mode-S Discrete Address).

Set the Slave Test Set to generate an ATCRBS Mode-A
interrogation having a signal level of "MTL” + 3 dB.

Measure the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to produce
90% reply efficiency.

Verify that the delay time is less than or equal to 45
microseconds after the Sync Phase Reversal (SPR) of the
Mode-S surveillance interrogation.

Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it approaches 45
microseconds.

Verify that the transponder does not generate any undesired
replies that can be detected by a properly operating Mode-S
1090 MHz. PAM receiver.

NOTE: Undesired replies are those containing any wrong
or misleading information.
Repeat the procedure given in preceding paragraphs with
the Master Test Set using Mode-S interrogations that are
accepted but do NOT require a reply (e.g., All-Call or
Broadcast interrogations).

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UF5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

STEP 7B: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY ATCRBS
MODE-C

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate an ATCRBS Mode-C interrogation having a signal
level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to produce
90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such that the

STEP 7B:

the UUT Mode-S Discrete Address).

Set the Slave Test Set to generate an ATCRBS Mode-
A interrogation having a signal level of "MTL” + 3 dB.

Measure the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to
produce 90% reply efficiency.

Verify that the delay time is less than or equal to 45
microseconds after the Sync Phase Reversal (SPR) of
the Mode-S surveillance interrogation.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it
approaches 45 microseconds.

Verify that the transponder does not generate any
undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

NOTE: Undesired replies are those containing any
wrong or misleading information.
Repeat the procedure given in preceding paragraphs
with the Master Test Set using Mode-S interrogations
that are accepted but do NOT require a reply (e.g., All-
Call or Broadcast interrogations).

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

RECOVERY FROM A MODE-S INTERROGATION

WHICH HAS NOT BEEN ACCEPTED (2.2.7.2.4.)
FOLLOWED BY ATCRBS MODE-C

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.e., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate an ATCRBS Mode-C interrogation
having a signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from
the Mode-S Sync Phase Reversal (SPR) required to
produce 90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such

WG1 - Agrees to add all of
Step 7 for Recovery.
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start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it approaches 45
microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45 microseconds.
Verify that the UUT does not generate any undesired replies
that can be detected by a properly operating Mode-S 1090
MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UF5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

STEP 7C: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY MODE S-
ONLY ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate a Mode S-Only All-Call interrogation having a
signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to produce
90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it approaches 45
microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45 microseconds.
Verify that the UUT does not generate any undesired replies
that can be detected by a properly operating Mode-S 1090
MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UF5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top

STEP 7C:

that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it
approaches 45 microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45
microseconds. Verify that the UUT does not generate
any undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

RECOVERY FROM A MODE-S INTERROGATION

WHICH HAS NOT BEEN ACCEPTED (2.2.7.2.4.)
FOLLOWED BY MODE S-ONLY ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.e., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate a Mode S-Only All-Call interrogation
having a signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from
the Mode-S Sync Phase Reversal (SPR) required to
produce 90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it
approaches 45 microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45
microseconds. Verify that the UUT does not generate
any undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
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and bottom channels of diversity transponder.

STEP 7D: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY ATCRBS
MODE A/MODE S ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate an ATCRBS Mode A/Mode S All-Call
interrogation having a signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to produce
90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it approaches 45
microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45 microseconds.
Verify that the UUT does not generate any undesired replies
that can be detected by a properly operating Mode-S 1090
MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UFS5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

STEP 7E: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY ATCRBS
MODE C/MODE S ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate an ATCRBS Mode C/Mode S All-Call
interrogation having a signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to produce

STEP 7D:

needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

RECOVERY FROM A MODE-S INTERROGATION

STEP 7E:

WHICH HAS NOT BEEN ACCEPTED (2.2.7.2.4.)
FOLLOWED BY ATCRBS MODE A/MODE S ALL-
CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.e., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate an ATCRBS Mode A/Mode S All-Call
interrogation having a signal level of "MTL” + 3 dB.

Verity that the delay of the Slave Test Set signal from
the Mode-S Sync Phase Reversal (SPR) required to
produce 90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it
approaches 45 microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45
microseconds. Verify that the UUT does not generate
any undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

RECOVERY FROM A MODE-S INTERROGATION

WHICH HAS NOT BEEN ACCEPTED (2.2.7.2.4.)
FOLLOWED BY ATCRBS MODE C/MODE S ALL-
CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.c., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate an ATCRBS Mode C/Mode S All-Call
interrogation having a signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from
the Mode-S Sync Phase Reversal (SPR) required to
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90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it approaches 45
microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45 microseconds.
Verify that the UUT does not generate any undesired replies
that can be detected by a properly operating Mode-S 1090
MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UFS5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

STEP 7F: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY ATCRBS
MODE A-ONLY ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate an ATCRBS Mode A-Only All-Call interrogation
having a signal level of "MTL” + 3 dB.

Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it is greater than 45
microseconds.

Verify that the transponder does NOT reply to the Slave
Interrogations.

Verify that the transponder does not generate any undesired
replies that can be detected by a properly operating Mode-S
1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UF5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as

produce 90% reply efficiency is less than or equal to 45
microseconds.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it
approaches 45 microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45
microseconds. Verify that the UUT does not generate
any undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

STEP 7F: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED (2.2.7.2.4.) FOLLOWED BY ATCRBS
MODE A-ONLY ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.e., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate an ATCRBS Mode A-Only All-Call
interrogation having a signal level of "MTL” + 3 dB.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it is
greater than 45 microseconds.

Verify that the transponder does NOT reply to the
Slave Interrogations.

Verify that the transponder does not generate any
undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.
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needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

STEP 7G: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY ATCRBS
MODE C-ONLY ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate an ATCRBS Mode C-Only All-Call interrogation
having a signal level of "MTL” + 3 dB.

Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it is greater than 45
microseconds.

Verify that the transponder does NOT reply to the Slave
Interrogations.

Verify that the transponder does not generate any undesired
replies that can be detected by a properly operating Mode-S
1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UF5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

STEP 7H: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED FOLLOWED BY DIRECTED
MODE-S

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an incorrect
address (i.e., an address different from that of the UUT
Mode-S Discrete Address). Set the Slave Test Set to
generate a Directed Mode S (i.e., an address equivalent to
the UUT Mode-S Discrete Address) interrogation having a
signal level of "MTL” + 3 dB.

Verify that the delay of the Slave Test Set signal from the
Mode-S Sync Phase Reversal (SPR) required to produce
90% reply efficiency is less than or equal to 45
microseconds.

STEP 7H:

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

STEP 7G: RECOVERY FROM A MODE-S
INTERROGATION WHICH HAS NOT BEEN
ACCEPTED (2.2.7.2.4.) FOLLOWED BY ATCRBS
MODE C-ONLY ALL-CALL

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.e., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate an ATCRBS Mode C-Only All-Call
interrogation having a signal level of "MTL” + 3 dB.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it is
greater than 45 microseconds.

Verify that the transponder does NOT reply to the
Slave Interrogations.

Verify that the transponder does not generate any
undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

RECOVERY FROM A MODE-S INTERROGATION

WHICH HAS NOT BEEN ACCEPTED (2.2.7.2.4.)
FOLLOWED BY DIRECTED MODE-S

Set the Master Test Set to generate a standard (i.e., -60
dBm) Mode-S Surveillance interrogation with an
incorrect address (i.e., an address different from that of
the UUT Mode-S Discrete Address). Set the Slave Test
Set to generate a Directed Mode S (i.e., an address
equivalent to the UUT Mode-S Discrete Address)
interrogation having a signal level of "MTL” + 3 dB.
Verity that the delay of the Slave Test Set signal from
the Mode-S Sync Phase Reversal (SPR) required to
produce 90% reply efficiency is less than or equal to 45
microseconds.
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Decrease the delay of the Slave Test Set signal such that the
start of the Slave Interrogation is coincident with the end of
the Master Interrogation. Then increase the delay of the
Slave Interrogation such that it approaches 45
microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45 microseconds.
Verify that the UUT does not generate any undesired replies
that can be detected by a properly operating Mode-S 1090
MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60 dBm)
UF4, UF5, Mode A and Mode C interrogations and verify
that the ATCRBS Mode A code and Altitude/ Mode C
information provided in the transponder replies is correct.

Repeat the procedure given in preceding paragraphs as
needed to verify performance of the transponder on both top
and bottom channels of diversity transponder.

Decrease the delay of the Slave Test Set signal such
that the start of the Slave Interrogation is coincident
with the end of the Master Interrogation. Then increase
the delay of the Slave Interrogation such that it
approaches 45 microseconds.

Verify that the UUT starts to reply to the Slave
Interrogations prior to reaching a delay of 45
microseconds. Verify that the UUT does not generate
any undesired replies that can be detected by a properly
operating Mode-S 1090 MHz. PAM receiver.

Set the Master Test Set to generate a standard (i.e., -60
dBm) UF4, UF5, Mode A and Mode C interrogations
and verify that the ATCRBS Mode A code and
Altitude/ Mode C information provided in the
transponder replies is correct.

Repeat the procedure given in preceding paragraphs as

needed to verify performance of the transponder on
both top and bottom channels of diversity transponder.

59

September 27, 2007 _R.H. Saffell, RockwellCollins, Inc.

ED-73C—DO-181D Environmental Comparison and Alignment (WG49N12-11b):




EUROCAE ED-73B/C

RTCA DO-181D

COMMENT

5.4.7 Response in the Presence of Interference (Paragraph 3.12) 2.3.2.7 Standard Interference Pulse (§2.2.8.2) and Mode S SLS (§
2.25.2)
5.4.7.1 Test Equipment
a. 2 Transponder Test Sets.
b.  Wide Band Dual Channel Oscilloscope.
c. 3 Port Power Divider.
5.4.7.2 Test Procedure
With the equipment connected as shown in Figure 5-5,
interrogate the transponder with the Mode S-Only All-Call
interrogation at a signal level of -50 dBm and follow Steps 1
through 4 below.
a. STEP 1 - TLow Level Asynchronous Interference
(Paragraph 3.12.3)
Inject a 0.8 ps wide pulse with amplitude 12 dB below
the P1 of the Mode S-Only All-Call, at a repetition rate
of 10 000 Hz.
Record the reply ratio.
NOTE: Take care to avoid synchronisation of the 10 000 Hz
rate with the Mode S standard rate. .
Thi 4 . ired und : || Agreed Rationale:
Eon:itiponr(]):? ure step is not required under environmenta gree Delete procedure step in ED-73C
h in order to align with DO-181D.
b. STEP 2 - Standard Interference Pulse and Mode S SLS
(Paragraphs 3.8.3 and 3.12.4)
Insert the interfering pulse (duration: 0.8 ps, level: 6 dB Connect the equipment as shown in Figure 2-27. Interrogate the
below P6) at a position 1.8 ps after the leading edge of transponder with an interfering pulse (duration: 0.8 microsecond,
P6 of a Mode S-Only All-Call. level 6 dB below P6) inserted at a position 1.8 microseconds after
Record the minimum reply ratio observed while slowly the leading edge of P6 of a standard Mode S-Only All-Call. The
moving the interfering pulse from its initial position to Mode S-Only AH'CE}H Shfﬂl be at a power le"?l of -50 dBm.
the end of P6. Observe the reply ratio while slowly moving the interfering pulse
Repeat the test for all signal levels between -68 and -21 from its initial position to the end of P6. Repeat the test for signal
. . levels of -21, and -68 dBm.
dBm in 5 dB increments. R N b an interf e level 3 dB below the P6
Repeat the test with an interference pulse level 3 dB 1 cpeat the test with an interference pulse leve clow the
evel.
below the P6 level.
[Under environmental conditions, it is sufficient to Agreed Rationale:

perform the above portions of this test step using signal
levels of-68 dBm, -50 dBm, and -21 dBm for the Mode
S-Only All-Call interrogations. |

Inject the interfering pulse (now acting as P5) 0.85 ps
after the leading edge of P6 and use a level 3 dB above
the level of P6.

Use signal levels between MTL+3dB and -21 dBm in 5

Insert the interfering pulse (now acting as P5) 0.85 microsecond
after the leading edge of P6 and use a level 3 dB above the level of

Signal level limit changes to ED-
73C are recommended in order to
align with DO-181D.
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dB increments. Record the maximum reply ratio in each
case.

Reduce level of P5 to a value 12 dB below the level of P6
and repeat the test at signal levels from MTL+3dB to -21
dBm in 5 dB increments. Record the minimum reply ratio
in each case.

[Under environmental conditions, it is sufficient to
perform the above portion of this test step using signal
levels of MTL + 3 dB and -21 dBm for the Mode S-Only
All-Call interrogations. As such, the 5 dB increments are
not required. ]

STEP 3 - Pulse Pair Interference (Paragraphs 3.12.5 a, b,
and c)

Insert a 0.8 is pulse pair spaced 2.0 ps apart with
amplitude 9 dB below P1 of the standard Mode S-Only
All-Call, at a position such that the leading edge of the
pulse pair occurs 0.25 us after the leading edge of P1.

Record the reply ratio while moving the interfering pulse
pair in 0.25 ps steps from its initial position 0.25 ps after
the trailing edge of P6. Determine the average reply
efficiency from the recorded values.

Repeat the test for all input levels between -68 and -21
dBm in 6 dB increments.

[This procedure step is not required under environmental
conditions. ]

STEP 4 - DME and Other Spurious Pulse Interference
Tests (Paragraph 3.12.6)

Inject pairs of pulses, of duration 3.5 ps, spaced 12 ps
apart with amplitude of -30 dBm at a rate of 3 600 pulse
pairs per second.

Record the reply ratio observed as the frequency of the
interfering signal is varied over the ranges of 962 to 1
020 MHz, and 1 041 to 1 213 MHz.

Repeat the test using pulses spaced 30 us apart.
Repeat the test using single pulses of 6.4 ps duration at a

rate of 2000 pulses per second, with an amplitude of -80
dBm and a frequency of 1 030 MHz.

[This procedure step is not required under environmental
conditions.

STEP 5 - Standard Interference Pulse Positioned at Mode
A or Mode C Spacing before Pl of a Mode S
Interrogation (Paragraphs 3.12.2 a and 3.12.5 d)

Insert standard interfering pulse 8 us before, and at the
same signal level as, the P1 pulse of a standard Mode S

Agreed

Agreed

Agreed

P6. Use signal levels of MTL +3 dB and -21 dBm. Reply ratio in
all cases should be 10% or less (subparagraph 2.2.5.2 a).

Reduce the level of PS5 to a value 12 dB below the level of P6 and
repeat the test at signal levels of MTL +3 dB and -21 dBm. Reply
ratio should be 99% or more (§2.2.5.2 b).

Rationale:

Signal level limit changes to ED-
73C are recommended in order to
align with DO-181D.

Rationale:

In order to align with DO-181D,
this procedure is not required
under environmental conditions.

Rationale:

In order to align with DO-181D,
this procedure is not required
under environmental conditions.
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only All-Call interrogation.

Check and record that the transponder replies to the
Mode S only All-Call interrogation.

Insert a standard interfering pulse 21 ps before, and at the
same signal level as, the P1 pulse of a standard Mode S
only All-Call interrogation.

Check and record that the transponder replies to the
Mode S only All-Call interrogation.

NOTE: This test checks that the suppression pair is the
recognized pulse pair by testing that the following P6
is correctly decoded.

[This procedure step is not required under environmental Agreed Rationale:

conditions.] In order to align with DO-181D,
f. STEP 6 - Mode A and Mode C with Standard Interfering this procedure is not required

Pulse (paragraph 3.12.4) under environmental conditions.

Overlay a Standard random Interfering Pulse over proper
Mode A and Mode C interrogations with a level 10 dB
below the level of the Mode A/C interrogations.

Check and record that the transponder replies to at least
90 % of the Mode A and Mode C interrogations and does
not recognise the random interference pulse as P1, P2 or
P3.

[This procedure step is not required under environmental | Agreed
conditions. ]

Rationale:

In order to align with DO-181D,
this procedure is not required
under environmental conditions.

548 Undesired Replies (Paragraph 3.13) 2.3.2.8 Undesired Replies (§ 2.2.9)

5.4.8.1 Test Equipment
Transponder Test Set

5.4.8.2 Test Procedure

Connect the RF terminal of the Transponder Test set to the
transponder antenna terminal.

Do not interrogate the Transponder.

Count and record the number of Mode A/C replies for a
minimum of one minute. Count and record the number of Mode
S replies for a minimum of one minute.

NOTE: Squitter and Self Test transmissions, if not inhibited,
must be disabled in this test.

With no interrogations count the number of replies for a minimum
of one minute.
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5.4.9 Self-Test and Monitors (if provided) (Paragraph 3.14 2.3.29 Self-Test and Monitors (§ 2.2.10)
5.49.1 Self-Test
54.9.1.1 Test Equipment
a.  Transponder Test Set.
b Wide Band Dual Channel Oscilloscope.
c.  RF Attenuator.
d ATC Transponder (Similar to unit under test - transmitter
disabled).
e.  Frequency Counter.
5.4.9.1.2 | Test Procedure
a. STEP 1 - Self-Test Interrogation/Reply Rate (Paragraph Step 1 Self-Test Interrogation/Reply Rate (§ 2.2.10.1 a and ¢)
3.14.1) Connect the equipment as shown in Figure 5-6. Activate the self-test function (if provided) of the
Activate the self-test function of the transponder under transponder under test and determine the reply rate to the
test and record the reply rate to the self-test interrogation self-test interrogation.
for both Mode A/C and Mode S.
NOTE: The squitter generation function may be disabled for
this test.
b. STEP 2 - Self-Test Interrogation Level (Paragraph
3.14.1)
Connect the equipment as shown in Figure 5-7, with the
coax connections in position A.
Activate the self-test function of the transponder and
adjust the RF attenuator until the other transponder just
triggers, as indicated by the presence of suppression
pulses.
Without changing the RF attenuator setting, change the
coax connections to position B.
Set the Transponder Test Set to an interrogation rate
equal to the reply rate determined in STEP 1 and
interrogate in Mode A.
Adjust the RF level of the Transponder Test Set until .
. . Rationale:
transponder number two just triggers. . )
Record the Test Set output level. In order to align with DO-131D,
i ) ) ) this procedure is not required
[This procedure step is not required under environmental | Agreed under environmental conditions.

conditions. ]
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5.49.2 Squitter Monitor (Paragraph 3.14.2) 2.3.29 Self-Test and Monitors (§ 2.2.10)
54.9.2.1 Test Equipment
a.  Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope.
5.49.2.2 Test procedure
Connect the equipment as shown in Figure 5-3 Step 2 Squitter Monitor (§ 2.2.10.2)
a. STEP1 A specific test procedure for this function is not described.
While monitoring the squitter transmissions, with the This test requires that the manufacturer artificially disable
transponder in the inactive state, disable the squitter the squitter generation function. The detailed procedure for
generator. proving this capability must be left to the discretion of the
. . . manufacturer.
Verify that the squitter monitor responds to the absence
of squitter transmissions, and that the equipment is
indicated as being invalid by the failure warning system.
b. STEP2
Repeat STEP 1 while interrogating the transponder with
Mode A/C and Mode A/C/S All-Calls.
In each case, verify that the squitter monitor responds to
the absence of squitter transmissions, and that the
equipment is indicated as being invalid by the failure
warning system.
. . . . Agreed
[This procedure step is not required under environmental (to do the
conditions. | same in
DOI181)
5.4.9.3 Failure Indication (Paragraph 3.14.3)

The manufacturer shall demonstrate that failures are properly

detected by the self test or monitors and cause the indication to

assume the "invalid" state . The generation of diagnostic error Rationale-

messages related to illegal 24 bit discrete addresses is tested in natlonae:

section 5.4.12.1.2. Agreed In. order to align.with DO—]S.ID,

[This procedure step is not required under environmental (already the this procgdure s not r.egulred

conditions.] case) under environmental conditions.

5.4.10 Mutual Suppression Capability (Paragraph 3.15) A%grebed Rationale:

[This procedure is not required under environmental conditions. Eer(l)lojed In order to align with DO-181D,
from the this procedure is not required
environmen under environmental conditions.
tal
condition
tests table)

5.4.10.1 Test Equipment
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a.  Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope.

5.4.10.2 Test Procedure
Connect the equipment as shown in Figure 5-8.

Interrogate on Mode A at 150 interrogations per second and set
the signal level to -21 dBm.

Apply the suppression pulse for which the equipment is
designed.

For interrogations occurring within the period of the
suppression pulse, note that the equipment is suppressed.

Starting with the equipment suppressed, adjust for minimum
delay between the trailing edge of the suppression pulse and the
leading edge of the interrogation pulse pair which provides
90% reply efficiency.

Record the value of this delay.

Verify that the transponder generates a suppression pulse
during its reply period.

54.11 Diversity Operation (Paragraph 3.16) 2.3.2.10 Diversity Operation (§ 2.2.12)
5.4.11.1 Test Equipment
a.  Two means of generating identical Mode A/C and Mode Two means of generating identical ATCRBS and Mode S
S interrogations which can be delayed from each other by interrogations which can be delayed from each other from 125 to
from 125 to 375 nanoseconds. These two generators must 375 nanoseconds must be provided. These two generators must
also have independent control of power level. also have independent control of power level.
b. A means of determining the antenna terminal that emits Means of determining the antenna terminal that generates the reply.
the reply.
¢. A means of determining the reply power level on both Means of determining the reply power level on both antennas
antennas simultaneously. simultaneously.
d. A means of determining the reply delay for each channel Means of determining reply delay for each channel and between
and between channels. channels.

5.4.11.2 Test Procedure

NOTE 1: Since tests in this paragraph can be satisfied by
using many different pieces of test equipment in
various configurations, no specific
recommendations are made. However, the minimum
functionality requirement is as stated in the
following paragraphs.

NOTE 2: Because the specifications for diversity operations
are symmetrical in all respects, channels are
arbitrarily designated A and B.

NOTE 3: When measuring Channel A and B parameters take
care that any cables used for measurements are of
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equal electrical length and equal loss.

NOTE 4: With the exception of step 4 the following tests may
be conducted with the squitter inhibited.

a. STEP 1 - Single Channel Test (Paragraphs 3.16.5 and
3.16.6)

At signal level MTL+3dB use the following types of
interrogations :

(1) Mode A

(2) Mode C

(3) Mode A/Mode S All-Call
(4) Mode C-only All-Call

(5) Mode S formats UF =4, 11 and, if so equipped, UF
=21

Interrogate Channel A only, while monitoring both

channels A and B. Observe and record parameters

specified in (3) below.

Repeat for signal levels of -50 and -21 dBm, using a
Mode C and a Mode S format of UF = 4 types of
interrogations only. Observe and record parameters
specified below:

(1) reply ratio,

(2) reply channel,

(3) power level of replies from Channel A,
(4) power level of replies from Channel B

(5) reply delay for each interrogation signal type and
for the signal levels as specified;

(6) power ratio as specified in Paragraph 3.16.5.
Repeat the tests with the channels reversed.

Compare records of reply delays for conformance with
paragraph 3.16.6. b.

[Under environmental conditions, it is not necessary to
record the reply ratio in the test step above.]
b.  STEP 2 - Signal Level Selection Test (Paragraph 3.16.2)
Using the following interrogations in turn:
(1) Mode A
(2) Mode C
(3) Mode A/Mode S All-Call
(4) Mode C - only All-Call

(5) Mode S formats UF =4, 11 and, if so equipped, UF
=21

Agreed

Step 1 Single Channel Test (§ 2.2.12.3 and 2.2.12.4)

When measuring channel A and B parameters take care that
any cables used for measurements are of equal length and
equal loss. Interrogate channel A only, while monitoring
channel A and B. At signal level MTL +6 dB use the
following types of interrogations and record the listed
observations:

ATCRBS Mode A
ATCRBS Mode C/Mode S All-Call
Mode S formats UF=0, and if so equipped 20

For signal levels of -50 dBm and -21 dBm use an ATCRBS
Mode A and a Mode S format of UF=0 types of
interrogations and record the listed observations.

Observe: Correct reply channel.

Reply delay for each interrogation signal type
and for the signal levels as specified.

Correct power ratio per subparagraph 2.2.12.3.
Repeat the above test reversing channels.

Compare records of reply delays for conformance with
§2.2.12.4.

Step 2 Selection Test (§ 2.2.12.1. b)

Synchronize the interrogations to channels A and B so that

Note:

DO-181D “UF=0" is in error and
should be changed to “UF=4".

WG1 - Agreed

Rationale:
Reply ratio recording changed in
ED-73C in order to align with
DO-181D.
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With Channel A leading:

- Synchronise the interrogations to channels A and B
so that they are 0.125 pus, +0.000/-0.040 ps.

- Interrogate at a power level on Channel A of MTL
and a power level on Channel B of MTL+3dB.

- Record the percentage of replies on Channel B (the
requirement is not less than 90%).

- Interrogate on Channel A at a power level of MTL +
3dB, and on Channel B at a power level of MTL.

- Record the percentage of replies on Channel A (the
requirement is not less than 90 %).
[Under environment conditions for the above
portion of this test step, it is sufficient to use a
Mode C interrogation on one channel and Mode S
UF=4 interrogation on the other channel. Also, it is
sufficient to use a power level of MTL on channel
A and MTL + 6 on channel B].

With Channel B leading:

- Synchronise the interrogations to channels A and B
so that they are 0.125 us, +0.000/-0.040 ps apart.

- Interrogate at a power level on Channel A of MTL
and a power level on Channel B of MTL+3dB.

- Record the percentage of replies on Channel B (the
requirement is not less than 90%).

- Interrogate at a power level on Channel A of
MTL+3dB and a power level on Channel B of
MTL.

- Record the percentage of replies on Channel A (the
requirement is not less than 90%).

[Under environment conditions for the above
portion of this test step, it is sufficient to use a
Mode C interrogation on one channel and Mode S
UF=4 interrogation on the other channel. Also, it is
sufficient to use a power level of MTL on channel
A and MTL + 6 on channel B].

STEP 3 - Delay-Selection Test (Paragraph 3.16.4)

Using the following type of interrogation in turn :

(1) Mode A

(2) Mode C

(3) Mode A/Mode S All-Call

(4) Mode C-only All-Call

(5) Mode S formats UF = 4, 11 and, if so equipped, UF

Agreed :

Change
+4dB by
+3dB

Agreed

Agreed

Agreed

they are 0.125 +0.00/-0.040 microseconds apart where
channel A is first.

Use an ATCRBS Mode C and a Mode S UF=4 to interrogate
at a power level on channel A of MTL and a power level on
channel B of MTL +6 dB.

Observe that the correct reply channel is channel B.

Use an ATCRBS Mode C and a Mode S UF=4 to interrogate
at a power level on channel A of MTL +6 dB and a power
level on channel B of MTL.

Observe that the correct reply channel is channel A.

Synchronize the interrogations to channels A and B so that
they are 0.125 +0.00/-0.040 microseconds apart where
channel B is first.

Use an ATCRBS Mode C and a Mode S UF=4 to interrogate
at a power level on channel A of MTL and a power level on
channel B of MTL +6 dB.

Observe that the correct reply channel is channel B.

Use an ATCRBS Mode C and a Mode S UF=4 to interrogate

at a power level on channel A of MTL +6 dB and a power
level on channel B of MTL.

Observe that the correct reply channel is channel A.

Step 3 Delay-Selection Test (§ 2.2.12.2)

Note:

Note that ED-73C uses a signal
level of MTL + 4 dB under
ambient and environmental.
DO-181D uses MTL + 3 dB for
ambient and MTL + 6 for
environmental conditions.

Rationale:

Interrogation type changes and
power level changes made to ED-
73C in order to align with DO-
181D.

Rationale:

Interrogation type changes and
power level changes made to ED-
73C in order to align with DO-
181D.
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=21
With Channel A leading:

- Synchronise the interrogations to channels A and B
so that they are 0.375 ps, +0.040/-0.000 ps apart.

- Interrogate on Channel A at a power level of
MTL+3dB and on Channel B at a power level of -50
dBm.

- Record the percentage of replies on Channel A (the
requirement is not less than 90%).

[Under environment conditions for the above
portion of this test step, it is sufficient to use a
Mode C interrogation on one channel and Mode S
UF=4 interrogation on the other channel. Also, it is
sufficient to use a power level of MTL + 6 on
channel A.]

With Channel B leading:

- Synchronise the interrogations to channels A and B
so that they are 0.375 us, +0.040/-0.000 ps apart.

- Interrogate on Channel A at a power level of -50
dBm and on Channel B at a power level of
MTL+3dB.

- Record the percentage of replies on Channel B (the
requirement is not less than 90%).

[Under environment conditions for the above
portion of this test step, it is sufficient to use a
Mode C interrogation on one channel and Mode S
UF=4 interrogation on the other channel. Also, it is
sufficient to use a power level of MTL + 6 on
channel B.]

STEP 4 - Squitter Antenna Selection (Paragraph 3.16.7)

Configure the transponder with 2 antennas and verify that
the squitter transmissions occur alternately from the two
antennas at the prescribed rate.

Configure the transponder with one (bottom) antenna
only. Verify that all squitters are directed at the
prescribed rate to that antenna.

With the transponder under SAS control, verify that the
acquisition squitters are delivered at the correct rates
from the correct antenna.

The test should be performed as outlined in 5.4.3.24 ¢
with the exception of the verification of the data content.
[This procedure step is not required under environmental
conditions.]

Agreed

Agreed

Agreed

Agreed

Agreed

Synchronize the interrogations to channels A and B so that
they are 0.375 +0.040/-0.00 microseconds apart where
channel A is first.

Use an ATCRBS Mode C and a Mode S UF=4 to interrogate
at a power level on channel A of MTL +6 and a power level
on channel B of -50 dBm.

Observe that the correct reply channel is channel A.

Synchronize the interrogations to channels A and B so that
they 0.375 +0.040/-0.00 microseconds apart where channel B
is first.

Use an ATCRBS Mode C and a Mode S UF=4 to interrogate
at a power level on channel A of -50 dBm and a power level
on channel B of MTL +6.

Observe that the correct reply channel is channel B.

Rationale:

Interrogation type changes and
power level changes made to ED-
73C in order to align with DO-
181D.

Rationale:

Interrogation type changes and
power level changes made to ED-
73C in order to align with DO-
181D.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.
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5.4.12 Data Handling and Interfaces (Paragraph 3.17) 23211 Data Handling and Interfaces
The procedures outlined in this paragraph are intended only to
test "data in" and "data out" requirements of the transponder;
they shall not be interpreted as being tests of the transponder's
digital logic and protocols.
Some tests correspond to requirements of optional features,
and therefore do not apply to all transponders.
5.4.12.1 Fixed Direct Data (Paragraph 3.17.1 a.) 232111 Fixed Direct Data (§ 2.2.13.1.1)
5.4.12.1.1 | Test Equipment
a.  Transponder Test Set.
b.  Wide band dual channel oscilloscope.
5.4.12.1.2 | Test Procedure With the transponder RF port connected to the RF port of the
With the transponder RF port connected to the RF port of the Mode S transponder test set, perform the following test sequences.
Transponder Test Set, (Figure 5.3) perform the following test
sequences:
a. ETI;?; I - Mode S All-Call Address Announced (AA) Step 1 Mode S All-Call Addresses [§ 2.2.13.1.1a (1)]
el ) Interrogate the transponder with a Mode-S Only All-Call
Interrogate the transponder with a Mode S - Only All- interrogation with PR, IC and CL fields set to zero. Verify
Call interrogation with PR, IC and CL Fields set to 0. that the AA field of the transponder reply reflects the address
Record that the AA field of the transponder reply which has been set into the transponder. Use two different
contains the address which has been set at the addresses consisting of AAAAAAH and 555555H.
transponder interface.
Repeat with twenty-four different transponder addresses
each consisting of 23 ZEROs and a single ONE. . .
Rationale:
[Under environmental conditions, its is sufficient to use | Agreed

addresses consisting of AAAAAA Hex and 555555 Hex.]
b. STEP 2 - Mode S Discrete Address

Interrogate the transponder with a Mode S surveillance-
altitude interrogation (UF=4) with the PC, RR, DI and
SD fields set to 0 and an address consisting of ONE
followed by 23 ZEROs.

Record that the transponder replies with appropriate bits
set in the AP field when the same address is set at the
transponder interface, and does not respond when each of
the other combination of 23 ZEROs and a single ONE are
entered as addresses.

c. STEP 3 - Maximum Cruising True Airspeed

Interrogate the transponder with a short special
surveillance interrogation (UF=0) with the AQ field set
to 1.

Step 2 Mode S Discrete Address [§2.2.13.1.1 a (2)]

Interrogate the transponder with a standard Mode S
surveillance-altitude interrogation (UF=4) with the PC, RR,
DI and SD fields set to 0 and an address consisting of ONE
followed by 23 ZEROs. Verify that the transponder replies
with appropriate bits set in the AP field when a like address is
set into the transponder, and will not respond when each of
the other combinations of 23 ZEROs and a single ONE are
entered as addresses.

Step 3 Maximum Airspeed [§ 2.2.13.1.1 b (2)]

Interrogate the transponder with a short special surveillance
interrogation (UF=0) with the AQ field set to 1. Verify that
the RI field of the transponder reply corresponds to the

Change addresses in ED-73C in
order to align with DO-181D.
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Record that the RI field of the transponder reply corresponds to
the maximum cruising true airspeed code set at the transponder
interface as each of the seven possible maximum cruising true
airspeed codes is used.

d.  STEP 4 - Aircraft Identification Data
Interrogate the transponder with a short surveillance-

altitude interrogation (UF=4) with PC, DI and SD fields
set to 0 and the RR field set to 18.

Set the aircraft identification input to the transponder to
TOTOT0 ottt
Repeat for an aircraft identification input of 010101 ...........

Repeat with an aircraft identification input of ABCDI1234
coded in accordance with the character coding specified in
paragraph 3.21 .1.13 f.

e. Step 5 — Invalid AA

Put the transponder in the Power Off Condition and set
the AA to all ZEROs. Turn on the transponder and verify
that a transponder error condition is set.

NOTE: the transponder will normally either go into
Standby State, revert to a pure Mode A/C
transponder or return to the Power Off
Condition.

Repeat this test with the AA set to all ONEs.
Put the transponder in the Power On Condition with an
AA set to ONE for the first bit and ZEROs for all other

bits. Verify that the transponder functions normally as
indicated in steps 1 and 2.

Without putting the transponder in Power Off Condition
change the AA to all ZEROs. Verify that the transponder
generates a diagnostic error message for maintenance and
that it keeps operating using the initial AA read during
the power-on initialization process (first bit set to ONE
and all other bits set to ZEROs).

Repeat this test with the AA set to all ONEs.

Repeat with the remaining twenty-three different
transponder addresses each consisting of 23 ZEROs and a
single ONE

[This procedure step is not required under environmental
conditions. ]

Agreed

airspeed code set into the transponder as each of the seven
possible airspeed codes is used.

Step 4 Aircraft Identification Data (§ 2.2.13.1.1 .c)

Interrogate the transponder with a short surveillance-
altitude interrogation (UF=4) with PC, DI and SD fields
set to 0 and the RR field set to 18.

Set the aircraft identification input to the transponder to
101010 (etc) and record that the identification data are
properly transmitted in the MB field of the transponder's
reply.

Repeat for an aircraft identification input of 010101 (etc).
Repeat with an aircraft identification input of ABCD1234

coded in accordance with the character coding specified
in paragraph 3.21 .1.13 f.

Note:

For the most part, Aircraft Ident
information is NO LONGER
Fixed Direct Data but it can be
retained in both mops as the
mops allows it to be Fixed
Direct.

Rationale:

Rewrote test in DO-181D to be
consistent with ED-73D as this is
a fixed direct data application
specific only.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.
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5.4.12.2 Variable Direct Data (Paragraph 3.17.1 b.) 232112 Variable Direct Data (§2.2.13.1.2)
5.4.12.2.1 | Test Equipment
a.  Transponder Test Set.
b.  Wide Band Dual Channel Oscilloscope.
5.4.12.2.2 | Test Procedure
Connect the equipment as shown in Figure 5-3.
a. STEP 1 - Pressure Altitude (Mode A/C) Step 1 Pressure Altitude (ATCRBS) [§2.2.13.1.2 a (1)]
Interrogate the transponder with a Mode C interrogation. Connect the equipment as shown in Figure 2-26. Interrogate
With the ALT switch on, set altitude code inputs to the Fhe transponder. with - a standgrd ATCRBS .Mode C
transponder in a manner which should result in setting interrogation. With the ALT switch on, set altitude code
cach of the altitude bits in the reply one at a time. inputs to the transponder, which should result in setting each
Verify th . £ these bits in th | of the altitude bits in the reply one at a time. Verify proper
erT y the proper posmonn?g ofthese bits in the rep ¥ positioning of these bits in the reply. Verify that only the
Verify that only the framing pulses are present in the framing pulses are present in the reply when the ALT switch
reply when the ALT switch is set to "OFF". is set to "off."
[Under environmental conditions, the following
paragraph of this test step is not required.] Agreed
Set the input altitude data to invalid and interrogate the Rationale:
transponder with a Mode C interrogation. Verify that a Delete procedure step in ED-73C
reply is generated containing only the framing pulses. in order to align with DO-181D.
b. STEP 2 - 4096 Identification Code (Mode A/C) Step 2 4096 Identification Code (ATCRBS) (§2.2.13.1.2 b)
Interrogate the transponder with a Mode A interrogation. With equipment connected as in Step 1, interrogate the
Set identification codes which should result in the setting transponder ~ with ~a standard ATCRBS = Mode A
of each of the identification reply bits one at a time. interrogation. Set identification codes which should result in
R d e f these bits in th | the setting of each of the identification reply bits one at a
ecord proper positioning of these bits in the reply. time. Verify proper positioning of these bits, and that the
correct bits are present in the reply.
c.  STEP 3 - Pressure Altitude (Mode S) Step 3 Pressure Altitude (Mode S) [§2.2.13.1.2 a (2)] Note:

Connect the transponder RF port to the transponder test
set.

(1) Interrogate the transponder with a standard
surveillance-altitude interrogation (UF=4) with the
PC, RR, DI and SD fields set to ZERO and the
address the same as that provided to the
transponder.

(2) With the ALT switch ON, provide altitude code
inputs from an altitude source in feet quantised to
greater than 25 ft to the transponder which should
result in setting each of the AC field bits of the
reply, one at a time.

(3) Verify that the correct bits are transmitted in the

Connect the transponder RF port to the transponder test
set.

(1) Interrogate the transponder with a standard
surveillance-altitude interrogation (UF=4) with the
PC, RR, DI and SD fields set to ZERO and the
address the same as that provided to the
transponder.

(2) With the ALT switch ON, provide altitude code
inputs from an altitude source in feet quantised to
greater than 25 ft to the transponder which should
result in setting each of the AC field bits of the
reply, one at a time.

(3) Verify that the correct bits are transmitted in the

Step three has been re-written to
be consistent with the agreed
content for both ED-73C and DO-
181D.  Then, the re-write is
modified as shown in the next
“Rationale”.
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AC field of the reply with the Q bit set to 0 and the
M bit set to 0.

(4) With the ALT switch ON, provide altitude code
inputs from an altitude source in feet quantised to
25 ft or less to the transponder and verify that the
altitude report is correct as a minimum when the
input indicates pressure altitudes of 17 050 and 34
125 ft.

(5) Verify that the correct bits are transmitted in the
AC field of the reply with the Q bit set to 1 and the
M bit set to 0.

(6) With the ALT switch ON, provide altitude code
inputs from an altitude source quantised to 25 ft or
less to the transponder. Verify that the altitude
report is correct when the input indicates pressure
altitudes of between 50 188 ft and 126 700 ft,
which should result in setting each of the AC field
bits of the reply.

(7) Verify that the correct bits are transmitted in the
AC field of the reply with the Q bit set to 0 to
indicate a report to 100 ft quantisation and the M
bit set to 0.

(8) Repeat Step 3 (1) to (8) with the input indicating
metric input if available and verify that the M bit is
set to 1 in the AC field of all replies.

[Under environmental conditions, paragraph (8) is not
required.]

(9) Verify that the AC field is all ZEROs when the
ALT switch is set to “ OFF ”. Set the input altitude
data to invalid and verify that the AC field is all
ZEROs.

STEP 4 - The 4096 Identification Code (Mode S)

With the equipment connected as in STEP 3, interrogate
the transponder with a standard surveillance-identity
interrogation (UF=5) with PC, RR, DI and SD fields set
to ZERO.

Using the identification codes specified in STEP 2,
record that the proper bit patterns exist in the ID field of
the reply.

STEP 5 - Flight Status and Vertical Status

Interrogate with UF=0 and UF=16 and record that the VS
field is a ONE when the "on-the-ground" port of the
transponder is set to the "on-the-ground" condition, and a

Agreed

AC field of the reply with the Q bit set to 0 and the
M bit set to 0.

(4)  With the ALT switch ON, provide altitude code
inputs from an altitude source in feet quantised to
25 ft or less to the transponder and verify that the
altitude report is correct as a minimum when the
input indicates pressure altitudes of 17 050 and 34
125 ft.

(5) Verify that the correct bits are transmitted in the
AC field of the reply with the Q bit set to 1 and the
M bit set to 0.

(6) With the ALT switch ON, provide altitude code
inputs from an altitude source quantised to 25 ft or
less to the transponder. Verify that the altitude
report is correct when the input indicates pressure
altitudes of between 50 188 ft and 126 700 ft,
which should result in setting each of the AC field
bits of the reply.

(7) _ Verify that the correct bits are transmitted in the
AC field of the reply with the Q bit set to 0 to
indicate a report to 100 ft quantisation and the M
bit set to 0.

(8) Verify that the AC field is all ZEROs when the
ALT switch is set to “ OFF ™. Set the input altitude
data to invalid and verify that the AC field is all
ZEROs.

Step 4 Identification Code (Mode S) (§ 2.2.13.1.2 b)

With the equipment connected as in Step 3, interrogate the
transponder with a standard  surveillance-identity
interrogation (UF=5) with PC, RR, DI and SD fields set to
ZERO and the address the same as that provided to the
transponder. Using the identity codes specified in Step 2,
verify that the proper bit patterns exist in the ID field of the

reply.

WG1 - agrees to insert text of
Step 3 into DO-181D.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.
Repeating  the  test  under
environmental conditions is not
necessary as the intent is to test
the hardware interfaces under
such conditions and not the
software formatting.
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ZERO otherwise.
Interrogate with formats UF=4, 5, 20, 21 and record that Step 5 Flight Status and Vertical Status (§ 2.2.13.1.2 ¢ and d)
the above indications are correctly contained in the FS Interrogate with UF=0 and UF=16 and verify that the VS
field (3.18.4.12 and figure 3.12). and that CA is set to 4 field is a ONE when the "on-the-ground port" of the
(airborne) or 5.(ground). if a status is provided to the transponder is set to the on-the-ground condition. Also,
transponder, and code CA=6 (either airborne or on-the- verify that the VS field is a ZERO otherwise.
d) i ted when the input is idl t . .
i{,(;lillzb)l ejls feported when the tnputis dieorno Interrogate with formats UF=4, 5, 20, 21 and verify that the
: transponder follows the protocol of §2.2.16.2.7 and Figure )
2-13. Also verify that the CA field is set to 4 (airborne) or 5 | Rationale:

Step 6 Aircraft Identification Data (§ 2.2.13.1.2 ¢)

If the transponder inputs aircraft identification data as
variable data, the following test applies. Interrogate the
transponder with a short surveillance-altitude (UF=4) with
PC, DI and SD fields set to 0 and the RR field set to 18. Set
the aircraft identification input to the transponder to

LLLLLLLL> and verify that the encoded aircraft

identification data is correctly transmitted in the MB field
(MB Bits 9-56 = 001100001100 ...) of the transponder’s

reply. Repeat with an aircraft identification input of
‘33333333 and verify that the encoded aircraft
identification data is correctly transmitted in the MB field
(MB Bits 9-56 = 110011110011 ...) of the transponder’s

reply.

(ground), if a status is provided to the transponder, and code
CA=6 (either airborne or on-the-ground) is reported when
the input is idle (or not available).

Step 6 Aircraft Identification Data (§ 2.2.13.1.2 €)

If the transponder inputs aircraft identification data as
variable data, the following test applies. Interrogate the
transponder with a short surveillance-altitude (UF=4) with
PC, DI and SD fields set to 0 and the RR field set to 18. Set
the aircraft identification input to the transponder to
‘LLLLLLLL’ and verify that the encoded aircraft
identification data is correctly transmitted in the MB field
(MB Bits 9-56 = 001100001100 ...) of the transponder’s
reply. Repeat with an aircraft identification input of
33333333 and verify that the encoded aircraft
identification data is correctly transmitted in the MB field
(MB Bits 9-56 = 110011110011 ...) of the transponder’s

reply.

Updated DO-181D to be
consistent with ED-73C.

Rationale:

Updated ED-73C to be consistent
with DO-181D. Although
detailed test procedures are
provided in section 2.6 of DO-
181D, such procedures are under
ambient conditions. Step 6 herein
applies to environmental
conditions. Likewise, ED-73C is
adding procedures under ambient
condition in a TBD section.
However Step 6 herein needs to
be in ED-73C under
environmental conditions.
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5.4.12.3 Standard Transaction Interfaces (Paragraph 3.17.3) 2.3.2.11.3 | Standard Transaction Interfaces (§ 2.2.13.3)
5.4.12.3.1 | Test Equipment
a.  Transponder Test Set.
b. A means of injecting and extracting data at transponder
interface ports.
c. A means of timing transactions.
5.4.12.3.2 | Test Procedure

Connect the equipment as shown in Figure 5.1.

Step 1 Uplink Interface Information Content (§2.2.13.3.1 a)

a. STEP 1 - Uplink Interface Information Content
(Paragraph 3.17.3 ¢.) Interrogate the transponder with valid Mode S interrogations
Interrogate the transponder with valid Mode S of all uplink formats that the transponder is designed to
interrogations excluding UF 0, UF 11, UF 16 and UF 24 accept. Yerify that all fields (possibly excluding AP) of the
of all uplink formats which the transponder is designed to interrogations are passed correctly through the transponder
accept, including broadcast interrogations. and except for UF=0, 11, 16, and 24 (when it is a request for a

. . : downlink ELM t the uplink interface.
Record that all fields (possibly excluding AP) of the ownim ) appear at the uplink interface
interrogations are passed correctly through the
transponder and appear at the uplink interface.

Make additional valid interrogations with the Uplink
Formats and field content randomly chosen.

Record proper output of the uplink interface.

Verify and record that broadcast interrogations are
identified as such, either by AP content or a special
purpose code.

b. STEP 2 - Uplink Interface. "No-Storage” Design Step 2 Uplink Interface, "No-Storage Design" (§ 2.2.13.3.1 b)
(Paragraph 3.17.3 c.) Interrogate the transponder with valid Mode S interrogations of
Interrogate the transponder with valid Mode S all uplink formats that the transponder is designed to accept.
interrogations (including broadcast but excluding UF=1 1 Ve.:rify that all data appear correctly at the uplink interface
and UF=24) of all Uplink Formats which the transponder prior to the start of the transponder reply.
is designed to accept.

Record that all data appear correctly at the uplink
interface prior to the start of the transponder reply.

c. STEP 3 - Uplink Interface, "Storage Design" Step 3 Uplink Interface, "Storage Design" Acceptance Rate (§
Acceptance Rate (Paragraph 3.17.3 c.) 2.2.133.1¢)

Interrogate the transponder with valid Mode. S Interrogate the transponder with valid Mode S interrogations
interrogations (both short and long) at the rates and time (both short and long) at the rates and time periods specified in
periods specified in Paragraph 3.17.3 c. subparagraph 2.2.3.4.2. Verify that all data appear correctly at
Record that all data appear correctly at the uplink the uplink interface.

interface.

d. STEP 4 - Uplink Interface, Non-acceptance (Paragraph
3.17.3 ¢c.)
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Interrogate the transponder with valid long Mode S
interrogations at a rate exceeding the one specified in
Paragraph 3.17.3 c.(4) for the longest time period.
Record that the transponder does not accept
interrogations after the rate for which the transponder is
designed has been exceeded.

Record that all data correctly appear at the uplink
interface for all accepted interrogations.

With the uplink interface disconnected record that the
transponder does not reply to valid long Mode S

interrogations. Rationale:

[Thig pmcedure step is not required under environmental | Agreed Delete procedure step in ED-73C

conditions. ] in order to align with DO-181D.
e. STEP 5 - Downlink Interface, Information Content

(Paragraph 3.17.3 d.) Step 4 Downlink Interface, Information Content (§ 2.2.13.3.2 a)

Inject an all ONEs input directed to the MB message Insert an all ONEs input. Interrogate the transponder with all

buffer accessed by RR = 16. uplink formats that it is designed to accept (one interrogation

Interrogate the transponder with all Uplink Formats that of each format, RR=16 for long interrogations). Verify that all

it is designed to accept (one interrogation of each format, bits in the transponder replies, not set by transponder protocol

RR=16 for long interrogations). requirements, are ONE. Verify that all fields in the replies, set

L. . by transponder protocol, have the correct value.
Record that all bits in the transponder replies, not set by Y P P

transponder protocol requirements, are ONE.

Record that all fields in the replies, set by transponder
protocol, have the correct value.

[Under environmental conditions, the following

paragraph of this test step is not required.] Agreed .
Repeat the 3 previous points with MB field data context Rationale:
555555 5555 5555. Delete procedure step in ED-73C
. . in order to align with DO-181D.
f.  STEP 6 - Downlink Interface, "No-Storage Design" _ . mor
(Paragraph 3 lc;v;ndu)l neriace 0n3l0rage LCSlen Step 5 Downlink Interface, "No-Storage Design" (§ 2.2.13.3.2 b)
Insert an all ONEs input, directed to the BDS buffer Insert an all ONEs input. Interrogate the transponder with a

standard Comm-A, altitude interrogation. Verify that data are
inserted into the transponder at the proper time, and that the
transponder reply contains the proper data.

accessed by RR=20. Interrogate the transponder with a
standard Comm-A, altitude interrogation. Record that the
transponder reply contains the correct data.

g. STEP 7 - Downlink Interface, "Storage Design" Buffer

Rate, Buffer Function (Paragraph 3.17.3 d.) Step 6 Downlink Interface, "Storage Design" Buffer Rate, Buffer
Function (§ 2.2.13.3.2 ¢)

Set up a sequence of Comm-B replies, associated with a

specific BDS data source designator code, with the value Set up a sequence of Comm-B replies with the value of the
of the 56 bit MB field of each reply set to a number to last 48 bits of MB of each reply set to the number of the reply
enable verification of reply sequence (e.g. value =2n in the sequence (e.g., MB=1 for the first reply). Interrogate
where n is the number of the reply in the sequence). the transponder with a standard Comm-A, altitude

interrogation at the rates specified for long interrogations in
subparagraph 2.2.3.4. Verify that the replies include the
proper data in the MB field. Repeat with RR equal to all valid

Apply this sequence of replies to the transponder down
link interface at the rate specified for long interrogations
in paragraph 3.17.3 d.
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Interrogate the transponder with a standard Comm-A, codes from 16 through 18.
altitude interrogation requesting the BDS data source
designator under test at the rate specified for long
interrogations in paragraph 3.17.3 d.

Record that the replies include the correct data in the MB

field.

[Under environmental conditions, the following | Agreed Rationale:

paragraph of this test step is not required. | Delete procedure step in ED-73C
Repeat for all valid BDS data source designator codes 0 in order to align with DO-181D.
to 255.

[The following paragraph is required under all | Agreed

conditions]

Repeat with RR equal to all valid codes from 16 through
18.

NOTE: BDS code 0,0 represents AICB messages. Testing of
such messages requires such messages to be closed-
out after being read.

h. STEP 8 - Downlink Interface. Unavailable Data

(Paragraph 3.17.3 d.)

Disconnect all inputs from the transponder's downlink
interface port.

Interrogate the transponder with a standard Comm-A,
altitude interrogation containing RR=16.

Record that the reply contains all ZEROs in the MB field.
Repeat with all RR codes from 17 through 31.

Verify that:

- For RR code 17, bits of the MB field of the reply
excluding bits 1-8, 24 and 26-36 are set to ZEROs
(bits 1-8, 24, 26-32, 33 and 35 are or may eventually
be set by the transponder itself when no interface is
availble).

- For RR code 18, the reply contains all ZEROs
excluding bits 1 — 8, in the MB field if the aircraft
identification consists of variable direct data, or the
tail number if the aircraft identification consists of
fixed direct data.

- For RR code 19, bits 9-56 of the MB field of the reply
are set to ZEROs.
- For RR codes 20 though 31, verify that the reply

contains all ZEROs in the MB field if not manage by Rationale:
the transponder itself.

Delete procedure step in ED-73C
[This procedure step is not required under environmental | Agreed in order to align with DO-181D.
conditions.
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5.4.12.4

ELM Service Interfaces (Paragraph 3.17.4)

232114

ELM Service Interfaces (§ 2.2.13.4)

5.4.12.4.1

Test Equipment
a.  Transponder Test Set.
b.  Transponder ELM Data Link Device.

5.4.124.2

Test Procedure
Connect the equipment as shown in Figure 5-1.

Connect the Transponder Test Set or the ELM data link device
to the ELM interface port of the transponder and perform the
following sequences.

a. STEP 1 - ELM Uplink Interface, Data Rate (Paragraph
3.17.4¢c.)

Interrogate the transponder with four 16-segment uplink
ELMs (each segment having unique coding) with
interrogations spaced 50 us apart, and a new 16-segment
ELM starting each second. (If the transponder has

enhanced ELM uplink capability, then start the new 16-
segment ELM every 5 milliseconds).

After 4 seconds, interrogate the transponder with another
set of four 16-segment ELMs. (If the transponder has

enhanced ELM uplink capability, start the interrogation
of the transponder after 1 second.)

Record that correct data appear at the ELM interface,
within one second after completion of the delivery of the
corresponding uplink ELM, for both interrogation
sequences.

[Under environmental conditions, the
paragraph of this test step is not required. |

following

Verify that the interface reports an interrogator identifier
code of 0.

b. STEP 2 - ELM Uplink Interface
Identification (Paragraph 3.17.4 ¢)

Repeat STEP 1 using the multisite protocol.

Interrogator

Use different Interrogator Identifier codes and verify that
they are correctly reported at the interface.

[This procedure step is not required under environmental
conditions. ]

c.  STEP 3 - ELM Downlink Interface, Data Rate (Paragraph
3.17.4 d.)
Set up a downlink ELM which conforms to the maximum
capability of the transponder (each segment with unique
coding) on the Transponder Test Set or ELM data link

Agreed

Agreed

Connect the transponder RF port to the RF port of the Mode S
transponder test set. Connect the Mode S transponder test set of the
ELM data link device to the ELM interface port of the transponder
and perform the following sequences.

Step 1 ELM Uplink Interface, Data Rate (§ 2.2.13.4.1)

Interrogate the transponder with four 16-segment uplink
ELMs (each segment having unique coding, interrogations
spaced 50 microseconds apart, and a new 16 segment ELM
starting every 5 milliseconds). After 4 seconds for
transponders equipped for standard ELM operation and after 1
second for transponders equipped for enhanced uplink ELM
operation, interrogate the transponder with another set of four
16-segment ELMs. Verify that correct data appear at the ELM
interface for both interrogation bursts.

Step 2 ELM Downlink Interface, Data Rate (§2.2.13.4.2 and
2.2.3.5)

Set up a downlink ELM which conforms to the maximum
capability of the transponder (each segment with unique
coding) on the Mode S transponder test set or ELM data link

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.

Rationale:

Delete procedure step in ED-73C
in order to align with DO-181D.
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device.

Interrogate the transponder with a Comm-C (UF=24)
with RC=3 and SRS="all ONEs".

Check that all segments are correctly transmitted 136 +1

device. Interrogate the transponder with a Comm-C (UF=24)
with RC=3 and SRS="all ONEs". Verify that all segments are
properly transmitted 136 +/- 1 microseconds apart.

Note:

Minor change needed to DO-
181D where “136 +1” was
changed to “136 +/- 1”.

us, apart.
5.4.125 Comm-B Downlink Interface, Message Cancellation Rationale:
(Paragraph 3.17.5) g?rrei%d Delete procedure step in ED-73C
[This procedure is not required under environmental thecasz) in order to align with DO-181D.
conditions] Procedure is testing protocol
which is a software function
which is not impacted by
environmental conditions.
5.4.12.5.1 | Test Equipment
a.  Transponder Test Set.
b.  Transponder Data Link Device.
5.4.12.5.2 | Test Procedure

Connect the equipment as shown in Figure 5-1.

Connect the Transponder Test Set or the data link device to the
interface port of the transponder and perform the following
sequences.

a. STEP 1 - Cancellation Before Transmission

Interrogate the transponder with UF=4, 5, 20 and 21 and
RR z16. Verify that the DR code in the transponder reply
is set to 0.

Insert a Comm-B message into the downlink interface for
transmission. Interrogate the transponder with UF=4, 5,
20 and 21 in turn. Verify that the DR code in its replies is
set to 1.

Cancel the message via the interface, interrogate again to
verify that the DR code is set to zero.

b. STEP 2 - Cancellation After Transmission

Interrogate the transponder with UF=4, 5, 20 and 21, RR
z 16 and verify that the DR code is set to 0.

Insert a Comm-B message into the downlink interface for
transmission.

Interrogate the transponder with UF=4, 5, 20 or 21 and
extract the message using RR=16.

Cancel the message via the interface, interrogate again
with UF =4, 5, 20 or 21 with RR = 16 to verify that the
DR code in the transponder reply is set to zero.

C. STEP 3 - Cancellation in Multisite Environment
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Interrogate the transponder with UF=4, 5, 20 and 21 and
verify that the DR code is set to 0.

Prepare two messages, m1 and m2, of differing content,
for insertion into the interface.

Insert m1l into the downlink interface for transmission
and extract message using the multisite protocol (RR=16,
DI=1, IIS more than 0, MBS=1).

Cancel ml via the interface and reinterrogate to verify
that the UM field does not show a Comm-B reservation
and that the DR code in the transponder reply is set to
Zero.

Within less than 15 seconds of cancelling m1, insert m2
into the interface and extract using the multisite protocol
with different IIS.

Verify that the second message has been extracted and
close out the transaction using DI=1, IIS as for m2,
MBS=2.

Verify that the DR field in the transponder reply is set to
zero and that the UM field does not show a Comm-B
reservation.

NOTE: This two-message sequence is needed to verify that
a complete cancellation has been achieved by way
of the interface.

d. STEP 4 - Cancellation Within a Queue

If the interface is designed to store more than one
message in the transponder, where one message is ready
to be transmitted and other messages are queued for
subsequent transmission, the following test shall be
performed.

Insert the maximum number of messages into the
transponder and cancel via the data interface one of the
messages that is not scheduled for immediate
transmission.

Extract all messages and verify that the cancelled message
does not appear. Repeat the test for each possible
message location in the queue.

5.4.12.6 Downlink ELM Interface, Message  Cancellation Rationale:
(Paragraph 3.17.5) A Delete procedure step in ED-73C
. . . . greed . ) .
[This procedure is not required under environmental (alread in order to align with DO-181D.
conditions] the casZ) Procedure is testing protocol

which is a software function
which is not impacted by
environmental conditions.

5.4.12.6.1 | Test Equipment
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a.  Transponder Test Set.
b.  Transponder ELM Data Link Device.
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5.4.12.6.2

Test Procedure
Connect the equipment as shown in Figure 5-1.

Connect the Transponder Test Set or the ELM data link
device to the ELM interface port of the transponder and
perform the following sequences.

a. STEP 1 - Cancellation Before Transmission

Insert an ELM message, occupying as many segments as
the transponder will permit, into the downlink interface
for transmission.
Interrogate the transponder with UF=4, 5, 20 and 21.
Verify that the DR code in the replies is larger than 16
and correctly reflects the number of inserted segments.
Cancel the message via the interface.
Interrogate again and verify that the DR code is now not
larger than 16.

b. STEP 2 - Cancellation After Transmission
Insert an ELM message, occupying as many segments as

the transponder will permit, into the downlink interface
for transmission.

Extract the message with a valid interrogation UF=24
using RC=3 and SRS set to extract the correct number of
segments.

Cancel the message via the interface.

Interrogate again and verify that the DR code is now not
larger than 16.

5.4.13

Interface Integrity Testing (Paragraph 3.17.2 b.)

Compliance with this requirement shall be demonstrated either
by direct test in a simulated operational environment or by
analysis based on the known characteristics of proven interface
techniques.

23.2.115

Interface Integrity Tests (§2.2.13.2.2)

Specific test procedures for these functions are not described.
Detailed procedures for demonstrating compliance with §2.2.13.2.2
are left to the discretion of the manufacturer.

5.4.14

Power Interruption (Paragraph 3.24)

Apply the momentary power interruption sequence appropriate
for the transponder environmental category as specified in ED-
14D Section 16. Two seconds after the restoration of power
following each power interruption, interrogate the transponder
with a Mode S-only All-Call interrogation (UF=1 1) with IC and
CI equal to 0. Verify that a correct All-Call reply (DF=1 1) is
transmitted in response to this interrogation.

2.3.2.12

Restoration of Power (§ 2.2.19)

Apply the momentary power interruption sequence appropriate for
the transponder environmental category as specified in DO-160B,
Section 16. Two seconds after the restoration of power following
each power interruption, interrogate the transponder with a Mode S-
Only All-Call interrogation with PR, IC and CL fields set to zero.
Verify that a correct All-Call reply (DF=1 1) is transmitted in
response to this interrogation.
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