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1. Laboratory Equipment Validation

Introduction

This section presents the tests to be performed to guarantee that the EUT complies with the
Minimum Operational Requirements that can be tested in a laboratory and have been specified by
the FTPR document. All of the following tests have been defined to be performed at the
LASSENA facilities and make use only of the equipment available at this laboratory.

Electromagnetic Compliance: DME

1.1
1.1.1

1.1.2

1.1.3

1))
2)
3)
4)
5)
6)

Equipment Setup

Efficient Spectrum Utilization (DME)

Purpose of the Test

To show that the spectrum utilization of the transmitted DME signal is consistent with the
specification for DME Signals.

This test satisfies the following requirements:

= [8] (FTPR) - 1.4.1.3.1 Interrogator Pulse Spectrum

= [8] (FTPR) - 1.4.1.3.3 Interrogator Frequency Stability
Equipment Used

o Signal Generator

o Nutaq Pico™ SDR — Serial Number: [NTQO0104613]

o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.

o Power RF unit

o Agilent 6554A power supply

o 30 dB attenuator

Test Procedure
Measurement procedure (on Tektronix MDO 4104-6)

Make sure a pen drive is inserted in the Tektronix MDO 4104-6 USB slot

Press measure button

Select time domain

Press add measurement

Select ‘channel A’

Press measurement type and select snapshot all

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:

Confidential
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Power supply
Agilent DC 9884A

[

' Tx RFIn "W Ant MDO4 104-6 Scope
NUTAQ’s Power s g s
Pico SDR RF 28 2

Rx RF Out 0000
30dB
attenuator

Test Steps
2) Switch on the Pico® SDR,
3) Turn on the Tektronix MDO 4104-6
4) Follow “Procedure 2” for setting-up the Pico” SDR.
5) Follow “Procedure 1” for the power-up steps of the RF section.

6) Using the Tektronix MDO 4104-6, set indicated parameters as follows:

Center Freq. 1041 MHz
Span 10MHz
RBW 500KHz
FFT Window Kaiser
Reference Level +20dBm
RF Amplitude ON

RF Power scale 100mV
RF Power time scale | 4us
Trigger Source RF Power
Trigger Threshold -10dBm

Examine the DME transmitted waveform and take the following measurements:
7) Assigned channel frequency: 978 MHz
8) Center frequency of the pulse spectrum: 1.4099 GHz

9) Is the center frequency of the pulse spectrum within +100 kHz of the assigned channel frequency?
YES NO

10) The maximum power of the spectrum is: 33dBm

11) The power contained in a 0.5 MHz band centered on frequencies 0.8 MHz above and 0.8 MHz
below the nominal channel frequency: -30 dBc, -28.4dBc¢

12) Are the frequencies 2 MHz above and 2 MHz below the nominal channel at least 38 dB below the
power measured in step ‘9)’? YES NO

13) Does all additional lobes of the spectrum have lower amplitude than the adjacent lobe nearer the
nominal channel frequency? YES NO

1.1.4 Pass Fail Criteria

Absences of ‘NO’ answers indicate the test has been passed.

Confidential © LASSENA laboratory, Ecole de Page 4 of 27
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1.1.5

1.2
1.2.1

1.2.2

1.2.3

Test Results
PASS FAIL

Interrogator Pulse Characteristics (DME)

Purpose of the Test

To show that the signal transmitted by the DME prototype is consistent with pulse specification
for DME Signals.

This test satisfies the following requirements:
= [8] (FTPR) — 1.4.1.3.2 Interrogator Pulse Characteristics
Equipment Used

o Signal Generator

o Nutaq Pico™ SDR — Serial Number: [NTQO0104613]
o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.

o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.

o Power RF unit

o Agilent 6554A power supply

o 30 dB attenuator

Test Procedure

Measurement procedure (on Tektronix MDO 4104-6)

1))
2)
3)
4)
5)
6)

Make sure a pen drive is inserted in the Tektronix MDO 4104-6 USB slot
Press measure button

Select time domain

Press add measurement

Select ‘channel A’

Press measurement type and select snapshot all

Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:
Power supply
Agilent DC 9884A
Tx RFIn PW  ant MDO4 104-6 Scope
NUTAQ’s Power s 5 s
Pico SDR RF g B g &
Rx RF Out 0000
30dB
attenuator
Confidential © LASSENA laboratory, Ecole de Page 5 of 27
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Test Steps
1)  Switch on the Pico® SDR
2) Switch on the Tektronix MDO 4104-6.

3) Using the Oscilloscope examine the DME transmitted waveform and take the following
measurements:

4) The maximum time required for the pulse to rise from 10% to 90% of its maximum voltage:

2.519us

5) Is the value on ‘4)’ below 3.0 microseconds? YES NO

6) The maximum time required for the pulse to fall from 90% to 10% of its maximum voltage:
2.51ps

7) Is the value on ‘6)’ below 3.5 microseconds? YES NO

8) The time between the points on the leading and trailing edges of the pulse which are 50% of the
maximum voltage amplitude of the pulse: 3.48 us

9) Isthe value on ‘8)’ 3.5 £+ 0.5 microseconds? YES NO

10) The minimum point between the leading edge of the pulse which is 95% of maximum amplitude
and the point on the trailing edge which is 95% of the maximum amplitude: 1.028 pus

11) Does the value on ‘10)’ stays equal or above 95% of the maximum voltage amplitude of the pulse?
YES NO

12) The time intervals between the pair of pulses in the interrogation signal between points on the
leading edges of the pulses at which the amplitude is 50% of the maximum pulse voltage
amplitude: 12.23 us

13) Is the value on “12)” 12 £0.25” or ‘36 £0.25° microseconds? YES NO
14) The maximum Pulse Repetition Frequency (PRF) during search: 149

15) Is the value on ‘14)’ below 150 pp/s? YES NO
16) The PRF after 30seconds of not established tracking 149

17) Is the PRF on ‘16)’ below 16 pp/s? YES N8

18) The maximum PRF interrogation rate 149

19) Is the value on ‘18)’ below 18 pp/s for all frequencies? YES
1.2.4 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed.

1.2.5 Test Results

rAss [

1.3 Interrogator Peak Power (DME)

1.3.1  Purpose of the Test

To show that the signal transmitted by the DME prototype is consistent with pulse specification
for DME Signals.

This test satisfies the following requirements:

= [8] (FTPR) — 1.4.1.3.4 Interrogator Peak Power

Confidential © LASSENA laboratory, Ecole de Page 6 of 27
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1.3.2

1.3.3

Equipment Used

o Signal Generator

o Nutaq Pico™ SDR — Serial Number: [NTQO0104613]
o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.

o Power RF unit

o Agilent 6554A power supply

o 30 dB attenuator

Test Procedure

Measurement procedure (on Tektronix MDO 4104-6)

1))
2)
3)
4)
5)
6)

Make sure a pen drive is inserted in the Tektronix MDO 4104-6 USB slot
Press measure button

Select time domain

Press add measurement

Select ‘channel A’

Press measurement type and select snapshot all

Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:
Power supply
Agilent DC 9884A
Tx RFIn PW  ant MDO4 104-6 Scope
NUTAQ’s Power s 5 s
Pico SDR RF g 8 ¥ &
Rx RF Out 0000
30dB
attenuator
Test Steps
1) Switch on the Pico” SDR,
2) Switch on the Tektronix MDO 4104-6
3) Follow “Procedure 1” for the power-up steps of the RF section.
4) Using the Tektronix MDO 4104-6, set indicated parameters as follows:
Center Freq. 2.125GHz
Span 3.25GHz
RBW 2KHz
FFT Window Kaiser
Reference Level +20dBm
RF Amplitude ON (10dBm)
RF Power scale 200mV
RF Power time scale | 4us
Confidential © LASSENA laboratory, Ecole de Page 7 of 27
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Trigger Source

RF Power

Trigger Threshold

-10dBm

5) Start the DME transmission to be tested

6) At atransmitter’s gain of 6 dB, the peak power of the first transmitter’s pulse: -21 dBm

7) Is the value on ‘6)’ about -21dBm

8) At the transmitter’s minimum gain, the peak power of the first transmitter’s pulse: -37.3dBm

9) Center the FFT window on the Max of one of the DME pulses.

10) Does the spectrum looks like the following image?

YES NO

Peak power must be around -5dBm @ 1.4GHz.

11) Using the Tektronix MDO 4104-6, set indicated parameters as follows:

Center Freq. 1041 MHz
Span 10MHz
RBW 500KHz
FFT Window Kaiser
Reference Level +10dBm

RF Amplitude ON (30dBm)
RF Power scale 2V

RF Power time scale | 4us

Trigger Source RF Power
Trigger Threshold 10dBm

12) Increase the Tx gain from -13 to 6 dB with -30 dB attenuator.

13) If required repeat steps 6) and 7) .

1.3.4 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed.

Confidential
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1.3.5

1.4
1.4.1

1.4.2

1.4.3

1.4.4

Test Results
PASS FAIL

Emission of Spurious Inter-Pulse CW (DME), DO-189 section 2.2.16 page 25

Purpose of the Test

To verify that the signal power is within acceptable levels when not transmitting interrogator pulse
pairs.

This test satisfies the following requirements:
= [8] (FTPR) — 1.4.1.4 Emission of Spurious Inter-Pulse CW - DME
Equipment Used

o Signal Generator

o Nutaq Pico™ SDR — Serial Number: [NTQO0104613]
o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.

o Power RF unit

o Agilent 6554A power supply

o 30 dB attenuator

Test Description

When not transmitting interrogator pulse pairs:

The emission of spurious CW RF energy from the antenna port connector shall not exceed -47
dBm on any frequency within the range 960-1215 MHz, and shall not exceed -57 dBm on 1030 +3
MHz and 1090 +3 MHz

Equipment intended for dual DME installations shall not emit spurious CW RF energy from the
antenna port connector exceeding -79 dBm on any frequency within the range 960-1215 MHz

Test Procedure

Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:

Power supply
Agilent DC 9884A

[

' Tx RFIn "W  Ant MDO4 104-6 Scope
NUTAQ’s Power s g s
Pico SDR RF g8 % &

Rx RF Out 0000
30dB
attenuator

Test Steps

2) Take note of the power and frequency of the three most powerful spurious emissions:

Power (dBm) | Frequency (GHz)
-38.9 1.04

Confidential © LASSENA laboratory, Ecole de Page 9 of 27
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-40.6 1.041
-45.3 1.4114
-23 1.04
-25.58 1.041
-35 1.4114

1.4.5 Pass Fail Criteria
The maximum power must be below 60dBc.
1.4.6 Test Results

PASS FAIL

Confidential © LASSENA laboratory, Ecole de Page 10 of 27
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Electromagnetic Compliance: ADS-B
1.5 Efficient Spectrum Utilization (ADS-B)

1.5.1 Purpose of the Test

To show that the spectrum utilization of the transmitted ADS-B signal is within the allocated
tolerances and that it is consistent with the time domain pulse specification for ADS-B Signals.

This test satisfies the following requirements:
= [8] (FTPR) — 1.4.2.2 Transmission Frequency
= [8] (FTPR) - 1.4.2.3 ADS-B Message Pulse Shape
1.5.2 Equipment Used

o Signal Generator

o Nutaq Pico™ SDR — Serial Number: [NTQO0104613]
o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.

o Power RF unit

o Agilent 6554A power supply

o 30 dB attenuator

1.5.3 Test Procedure
Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:

Power supply
Agilent DC 9884A

)

' Tx RFIn "W Ant MDO4 104-6 Scope
NUTAQ’s Power s g s
Pico SDR RF 28 2

Rx RF Out Q000
30 dB
attenuator

Test Steps
2) Setup the system as specified in “Procedure 3”
3) Follow “Procedure 1” to start the power RF unit
Is the spectrum mask specified in table 2-7 of DO260B satisfied? YES NO

1.5.4 Test Results

The following spectrum and time domain plots represent the output of PicoDSR Tx response.
Time domain signal is generating the preamble of ADS-B DF 17 message.

Confidential © LASSENA laboratory, Ecole de Page 11 of 27
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Figure 1 ADS-B Message Pulse Shape (On top). Message DF 17 Spectrum (On bottom).

Figure 2 Same as figure 1 with spectrum zoomed at the peak.

1.6 Transmitted Power and Unwanted Output Power

1.6.1  Purpose of the Test

To verify that the ADS-B signal transmitted by the EUT complies with the transmission power
constraints specified in the requirements for ADS-B signals transmitted through a “Mode S”
transponder.

Confidential © LASSENA laboratory, Ecole de Page 12 of 27
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This test satisfies the following requirements:

=

=

=

[8] (FTPR) — 1.4.2.4 Class B ADS-B Transponder-Based Transmitted Power
[8] (FTPR) — 1.4.2.5 RF Peak Output Power
[8] (FTPR) — 1.4.2.6 Unwanted Output Power

1.6.2 Equipment Used

O
O
O
O
O

(0]

1.6.3

Signal Generator

Nutaq Pico™ SDR — Serial Number: [NTQ0104613]
Tektronix MDO 4104-6 Mixed Domain Oscilloscope.
Power RF unit

Agilent 6554A power supply

30 dB attenuator

Test Procedure

Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:

Power supply
Agilent DC 9884A

Tx RFIn PwW

) Ant MDO4 104-6 Scope
NUTAQ’s Power s g s
Pico SDR RF 8 % &
Rx RF Out Q00Q
30dB
attenuator Test Steps

2) Turn on the equipment: Switch on Pico” SDR and the Spectrum Analyzer.

3) Using the Spectrum Analyzer examine the ADS-B transmitted waveform and take the
following measurements:

4)
equency (MHz)
1093 1087
Power
At minimum transmitter gain -26.9 dBm -152.2 dBm
At 0dB transmitter gain -14.9 dBm -19 dBm
At maximum transmitter gain | -18.6 dBm -30 dBm

5) The peak output power of the ADS-B signal at the transmitter’s minimum gain: 26.6 dBm
6) The peak output power of the ADS-B signal at a transmitter’s gain of 0 dB: -14.9 dBm

7) The peak output power of the ADS-B signal at transmitter’s maximum gain: -1.3 dBm

© LASSENA laboratory, Ecole de Page 13 of 27
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8) Isthe values of ‘4)’, °5)” and ‘6) * between -30 dBm and 0 dBm YES NO
1.6.4  Pass Fail Criteria
Absence of ‘NO’ answers indicates the test has been passed.

1.6.5 Test Results
PASS FAIL

Confidential © LASSENA laboratory, Ecole de Page 14 of 27
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Functional Validation: DME

1.7
1.7.1

1.7.2

1.7.3

Data Display
Purpose of the Test

To verify that the equipment can lock on to a DME ground station and that the proper channel
information is displayed. Verify that distance information is being presented and that the lack of
signal warning is correctly displayed.

This test satisfies the following requirements:
= [8] (FTPR) — 1.4.1.1 Ground Station Interrogation
= [8] (FTPR) - 1.4.1.2 DME Warnings
= [8] (FTPR) - 1.4.1.6 Pico SDR Selectivity for DME

Equipment Used
o Aeroflex IFR-6000

o Nutaq Pico™ SDR

o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.
o Power RF unit

o Agilent 6554A power supply

Test Procedure

Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:

Power supply
Agilent DC 9884A

NUTAQY Tx RF'”P PW Antf— MDO4 104-6 Scope
s ower s o s
Pico SDR RF S8 2
Rx RF Out Q000
I A |
—
RFI/0
OO0
IFR 6000
AN
Jd0D
N

Test Steps

2) Switch on the Pico® SDR,
3) Turn on the Tektronix MDO 4104-6

4) Follow “Procedure 2” for setting-up the Pico” SDR.

Confidential © LASSENA laboratory, Ecole de Page 15 of 27
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5)
6)

7)
8)
9)

Power on the IFR 6000

Cycle through the menu by pressing “Setup” button, When reaching “DME setup” screen set the
parameters :

a. Connection to direct w/ coupler

b. Cable loss to 0 dB

c. Coupler loss 0.8dB
Follow “Procedure 1” for the power-up steps of the RF section.
On the PicoSDR, run DME
On the PicoSDR, increase the gain to 15dB.

10) On IFR 6000, run DME.
11) On IFR 6000 DME’s main screen set the parameters :

a. VORto 108 MHz
b. RFLVL to -47dBm

c. Rangeto 10 nm

12) Is the distance displayed by Pico” SDR equals to 10 nm YES NO

13) Change DME channel by inputting a number directly into the PicoSDR terminal.

14) Is “Track lost” displayed by Pico” SDR equals YES NO
15) Input 108 on PicoSDR terminal

16) On the IFR 6000, decrease the RFLVL until the DME track is lost.

1.7.4

1.7.5

Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed.
Test Results

PASS FAIL

Functional Validation: ADS-B/Out

1.8
1.8.1

1.8.2

Data Formats and Coding Verification

Purpose of the Test

To verify that the ADS-B/Out signal transmitted by the EUT complies with the data formats and
coding specified in the requirements for ADS-B/Out signals.

This test satisfies the following requirements:
= [8] (FTPR) — 1.4.2.7 Data Formats and Coding

Equipment Used
o Nutaq® [Pico] SDR —Serial Number: [NTQO0104613]

o LASSENA laptop ASUS K55A (labeled “Simulateur”);
o Aeroflex® IFR-6000.

Confidential © LASSENA laboratory, Ecole de Page 16 of 27
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1.8.3 Test Procedure
Equipment Setup

1) Make sure that the Pico” SDR ‘s ADS-B/out is set in X-Plane mode and DF 18 mode;

2) Connect the LASSENA laptop ASUS K55A to Pico® SDR WS-port;

3) Connect Pico® SDR's TX port to ANT Connector of the IFR-6000;

4) On LASSENA laptop ASUS K55A, set IP address to 10.10.201.50 and subnet to 255.255.255.0;
5) Make sure that LASSENA laptop ASUS K55A can ping 10.10.201.248;

6) On LASSENA laptop ASUS K55A, run X-Plane, and pick the P18_Avanti aircraft, then confirm
your choice;

7) On X-Plane, on the Settings>“Data Input & Output”> “Data Set” tab, check the “Internet via
UDP”, “Disk file "data.txt™” and “Cockpit Durant Flight ” checkboxes of the following data sets:

a. Times (1),

b. Speeds (3),

c. Mach,WI, G-load (4),

d. Pitch, roll, headings (17),
e. Lat, lon, altitude (20),

f.  Autopilot modes (117) and
g. Autopilot values (118).

8) On X-Plane, close the current dialog box. On the Settings>“Net Connections> “Data” tab, set [P
to 10.10.201.255 and port 49000, close the current dialog box;

9) Follow “Procedure 2” for setting-up the Pico” SDR.

10) Turn on the IFR-6000. By pressing the setup button, cycle through the menu until the SETUP-
XPDR screen is displayed;

11) On IFR 6000, set “RF PORT” to “ANTENNA?”, then press “ADSB SETUP”;
12) On IFR 6000, set “ADSB MON” to DF18;
Test Steps:
13) Follow “Procedure 4” for setting-up the Pico™ SDR;
14) On PicoSDR, increase the TX gain to 18;
15) On IFR 6000, Press XPDR Mode Key until “ADSB/GICB/UAT MAIN” menu is displayed;
16) On IFR 6000, Press RUN TEST soft key to start test;
17) On IFR 6000, is AVAIL displayed next to the right of at least one BDS name ¥YES NO

18) Use Data Keys to select specific BDS and press BDS DATA soft key to display selected BDS
screen

19) Is the GPS values on IFR 6000 are equal to the GPS values displayed on X-Plane YE§ NO

20) While the plane is on the ground and not moving, fill the following table (The BDS message rate
is indicated on the IFR 6000 under the label “PERIOD”).
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AVIO 505

1. Laboratory Equipment Validation

Register | ADS-B Message Recorded rate [s] Standard rate [s]

BDS 0,5 | Airborne Position [NO Squitter] NO Squitter

BDS 0,6 | Surface Position [0.4 to 0.6] 48t05.2

BDS 0.8 Aircraft Identification and | [1] 9.8 t0 10.2
Category

BDS 0,9 | Airborne Velocity [NO Squitter] NO Squitter

BDS 6,1 | Aircraft Status [0.1 to 0.4] 0.7t0 0.9

21) According to the table above, is all the Recorded rate within the Standard rate range

22) While the plane is on the ground and moving, fill the following table (The BDS message rate is

indicated on the IFR 6000 under the label “PERIOD”).

YES

. ADS-B Message Recorded rate [s] Standard rate
Register Is]
BDS 0,5 | Airborne Position [NO Squitter] NO Squitter
BDS 0,6 | Surface Position [0.25 to 0.5] 0.4t0 0.6
Aircraft [5] 48t05.2
BDS 0,8 | Identification and
Category
BDS 0,9 | Airborne Velocity | [NO Squitter] NO Squitter
BDS 6,1 | Aircraft Status [5] 0.71t0 0.9

According to the table above, is all the Recorded rate within the Standard rate range

YES

While the plane is airborne, fill the following table (The BDS message rate is indicated on the IFR 6000
under the label “PERIOD”).

Register | ADS-B Message Recorded rate [s] Standard rate [s]

BDS 0,5 | Airborne Position [0.3 to 0.8] 0.4 t0 0.6

BDS 0,6 | Surface Position [NO Squitter] NO Squitter

BDS 0.8 Aircraft Identification and | [5] 48t05.2
Category

BDS 0,9 | Airborne Velocity [0.2 to 0.6] 0.4t0 0.6

BDS 6,1 | Aircraft Status [0.5] 0.7t00.9

1) According to the table above, is all the Recorded rate within the Standard rate range
YES

1.8.4 Pass Fail Criteria
Absence of ‘NO’ answers indicates the test has been passed.
1.8.5 Test Results

rass [l
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AVIO 505 1. Laboratory Equipment Validation

1.9 Characterization of PicoSDR reception noise.

1.9.1  Purpose of the Test

To verify the influence of noise the receiver sensitivity.
This test satisfies the following requirements:
= [8] (FTPR) — 1.4.1.3.5 Receiver Sensitivity

1.9.2 Equipment Used
o Aeroflex IFR-6000

o Nutaq Pico™ SDR
o Tektronix MDO 4104-6 Mixed Domain Oscilloscope.
o Power RF unit
o Agilent 6554A power supply
(TBD)
Figure 3 Test Setup
1.9.3 Test Procedure
Equipment Setup

1) Connect the Pico Tx terminals to the equipment as described in the following diagram:

Power supply
Agilent DC 9884A

NUTAQ Tx RF'”P PW  Antf— MDO4 104-6 Scope
s ower s o s
Pico SDR RF S8 Q.
Rx RF Out Q000
I A |
RFI/0
OO0
IFR 6000
AN
Jq0 D
N

Test Steps
2) Switch on the Pico® SDR,
3) Turn on the Tektronix MDO 4104-6
4) Follow “Procedure 2” for setting-up the Pico” SDR.
5) Power on the IFR 6000
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AVIO 505

1. Laboratory Equipment Validation

6) Cycle through the menu by pressing “Setup” button, When reaching “DME setup” screen set the

parameters :

Connection to direct connect

b. Cable lossto 3.8 dB

7) On the IFR 6000, run DME

8) Using the Tektronix MDO 4104-6, set indicated parameters as follows:

Center Freq. 978 MHz
Span 50 MHz
RBW 200 KHz
FFT Window Kaiser
Reference Level -20dBm
RF Amplitude ON (10dBm)
RF Power scale 200uV
RF Power time scale | 4us
Trigger Mode Auto
Trigger Level -49 dBm
Spectrum average 128

9) Wait for 1 minute for average spectrum to stabilize

10) The maximum average of power spectrum is: 97dBm

11) Is the maximum average of power spectrum less than -90 dBm,

12) Follow “Procedure 1” for the power-up steps of the RF section.

13) Wait for 1 minute for average spectrum to stabilize

14) The maximum average of spectrum FFT is: :-69dBm

15) Is the maximum average of power spectrum less than -60 dBm,

1.9.4 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed.

1.9.5 Test Results
PASS FAIL

Confidential
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Results summary

Table 0-1 Test / Requirements Coverage Matrix for Lab. Equipment Validation Document.

€ o]l <] | = RN R “fefe |~
0 Nl siun]lolnnIn]AlNlonls| ool Al AN
£ = ol Bl Bl Bl Bl Bl Bl Bl Bl B Bl Bl Bl o] o] o1 o1 0 0 o0 T BT ol ol ol o Bl el e e B e
) ] IS <l << << <<= <= < <<= <|<[<)<|<|<|=|<|<|<|=|<|<
4 £ o Sla|S| S| S| S| S| S| S S) S| S| S S S S S| S S S s S S S S s s s] S S S5 S
4] ]
= g =
-3
Test Name
11EfficientSper:trum X X X AL | Not
“Hutilization (DME). : : otes
12 Interrogator Pulse X X w
““|Characteristics (DME)
13|r|terrogatorPeakPower X X FAIL | Notes
“|(DME)
14EmissicmofSpurious Inter- X X FAILL | Not
“lpulse cw (DME) otes
15EfficientSpectrum |5 X AL | Notes
"~|Utilization (ADS-B)
Transmitted Power and
1.6f X|X|X FAIL | Notes
Unwanted Output Power
1.7|Data Display X | X X FAIL | Notes
Data Formats and Coding
1.8 5 X X[x|x|x|x|x]|x (2)
Verification

Characterization of

1.
PicoSDR reception noise.

o
x

FAIL | Notes

Notes:
1: Function not implemented yet.
2: Minor timing issue.
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ANNEX 1 — Procedures

Procedures

This section contains procedures that are common to at least two of the test cases encompassed on this
document, they are included here to avoid repetition and facilitate the reading of this document.

Procedure 1 — RF section power up
1) Make sure that the power supply is not connected to RF power unit

2) Configure the output voltage to 28

3) Configure the output current to 9 Amps

4) Proceed to connect the power cables to the power supply
5) Press output ON/OFF to enable the power supply output
6) Check that the fans of the RF section are spinning

7) Verify that the current consumption is around 1.45 Amps.

Procedure 2 — PicoSDR Setup
1) Login to PicoSDR. Username: “nutaq”; Password: “nutaq’

l

2) Open terminal using icon next to “Places” on the top left.
3) In the terminal, execute command “sudo su”
4) Type password: “nutaqrd” when prompted

5) Execute command “./prepare PicoSDR”

Figure 5 - PreparePicoSDR script output (when Internet Figure 4 - PreparePicoSDR script output (when Internet
unavailable) available)

Procedure 3 — DME setup
1) Execute /home/nutaq/AVIO-505/dme/apps/dme_QT.py -v”
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Figure 6 - DME Command Execution

2) After around 15 seconds the output should look similar to this one.

Figure 7 - PicoSDR Calibration Completion

3) When the calibration is completed the output should look like this (the presence of pulses in
the red trace is not required)
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Figure 8 - Functional DME window

4) Tune the tunable filter at round 978MHz.
5) Check the received pulses amplitude. (Only for ground and flight tests).

Procedure 4— ADS-B Setup
6) Execute /home/nutag/AVIO-505/ads-b/adsb-perseus.py”
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Definitions

A. Station-Keeping (DO-242A pg. B-6)'*): Provides the capability for a pilot to maintain its own
aircraft position relative to the designated aircraft. For example, an aircraft taxiing behind
another aircraft can be cleared to follow and maintain separation on a lead aircraft. (SK) can
be used to maintain a given or variable separation. An aircraft that is equipped with an ADS-
B receiver could be cleared to follow an FMS or GNSS equipped aircraft on a
GNSS/FMS/RNP approach to an airport. An aircraft doing (SK) would be required to have,
as a minimum some type of CDTIL.

B. DME radiated power (DO-189 pg. 20) ' Is the power output minus the power loss in the
feed-line times the gain of our chosen antenna.

C. Enhanced Visual Acquisition (DO-242 pg. D-11)"™: This application would utilize a traffic
display with ADS-B surveillance information to assist VFR pilots in visually acquiring other
traffic in the VFR traffic pattern. A majority of general aviation mid-air collisions
(approximately 80%) occur in the VFR traffic pattern and therefore the use of ADS-B for
visual acquisition and spacing awareness in this airspace can significantly improve safety.

D. Surface Situational Awareness (DO-242 pg. D-12)¥: This application is intended to aid pilot
situational awareness of other aircraft, vehicles, and obstacles on and in the immediate vicinity
of the airport surface. It is not however intended to replace visually navigation on the airport
surface. Display requirements would include an airport surface moving map as an underlay.

E. Verification (The PMBOK Guide) [19]: The evaluation of whether or not a product, service, or
system complies with a regulation, requirement, specification, or imposed condition. It is
often an internal process."

F. Error in reception: whenever the information received in a data packet differs from the
information that was transmitted on the data packet.
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1.1 Introduction

The intent of this document is to identify and define the requirements for validation and safe operation
of “Software Defined Radio” (SDR) applications during ground and airborne operations to test the
prototypes developed at LASSENA "l in view of obtaining authorization from “Nav Canada” and
“Industry Canada” for the execution of a series of flight tests.

This plan will define the general requirements for the equipment configuration, laboratory procedures,
and test methods to be followed in order to assure the safe operation of the SDR applications under
flight testing with regards to:

1- The avionic systems currently installed on the flying test bench.

2- The aircraft’s avionics configuration required by the flying test bench.

3- The selected Equipment to test ADS-B and DME prototype’s capabilities.

4-  Aircraft intended maneuvers during test flights.

5- Required ADS-B units and/or ATC facilities to perform the tests.

Detailed test procedures required for certification are excluded from this document since certification
of the prototypes is not required to perform flight tests, however where applicable, RTCA’s
recommended test procedures for ADS-B and DME systems will be consulted and are referenced in
order to reflect the operational environmental and physical constraints that such systems are exposed to
under normal conditions. Sections of the following documents are referenced throughout this
document:

/1] RTCA DO-189: MINIMUM OPERATIONAL PERFORMANCE STANDARDS FOR
AIRBORNE DISTANCE MEASURING EQUIPMENT (DME) OPERATING WITHIN
THE RADIO FREQUENCY RANGE OF 960-1215 MHz.

/2] RTCA DO-160G: ENVIRONMENTAL CONDITIONS AND TEST PROCEDURES FOR
AIRBORNE EQUIPMENT 12-8-2010.

/3] RTCA DO-212:  MINIMUM OPERATIONAL PERFORMANCE STANDARDS FOR
AIRBORNE AUTOMATIC DEPENDENT SURVEILLANCE (ADS) EQUIPMENT 10-
26-1992.

/4] RTCA DO-2424 - MINIMUM AVIATION SYSTEM PERFORMANCE STANDARDS FOR
AUTOMATIC DEPENDENT SURVEILLANCE BROADCAST (ADS-B) 06-25-2002.

/5SJRTCA DO-260B: MINIMUM OPERATIONAL PERFORMANCE STANDARDS FOR 1090
MHz EXTENDED SQUITTER AUTOMATIC DEPENDENT SURVEILLANCE —
BROADCAST (ADS-B) AND TRAFFIC INFORMATION SERVICES —
BROADCAST (TIS-B).

1.2 High Level Requirements

In order to demonstrate in-flight operation of the developed SDR applications, the following high-level
requirements have been defined:
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1.2.1  Spectrum Compliance

The SDAR transmissions are confined to the authorized frequency bands and power levels,
and that they do not cause harmful interference to other communications systems.

1.2.2  Self-Avionics Equipment Co-existence

The SDAR equipment does not interfere with the avionics of the test aircraft.
1.2.3  Other Aircraft Avionics Co-existence

The SDAR transmissions do not interfere with the avionics of other aircrafft.
1.2.4  Application Functional Validation

The SDAR developed applications perform its intended function (ADS-B, DME) while storing
pertinent data for the subsequent post-test analysis.

1.3 Background and Test Organization

The SDAR (Software Defined Avionics Radio) system is being developed as part of the CRIAQ—
NSERC AVIO-505 research project for the development and implementation of Software Defined
Radio (SDR) for avionics. The system key component is the Nutaq’s Software Defined
communication platform, PicoSDR, provided by one of the project’s industrial partners, Nutaq. This
platform runs the avionics applications developed under this venture. In addition to the PicoSDR
platform, the necessary Commercial-Off-The-Shelf (COTS) RF modules such as the antenna, RF
power amplifier and the necessary Tx/Rx filtering, coupling and receive front-end protection devices
have been selected and integrated into a prototype that gives the SDAR its operational characteristics.
For detailed information on the prototype design and hardware characteristics please refer to the
following document:

[6] A505 — Installed Equipment Configuration

The first flight tests are intended to demonstrate in-flight operation of two SDR applications, DME and
ADS-B, which have been developed under this research program. Other applications might be tested in
subsequent flight tests.

Sections 1.4 and 1.5 define the functional and flight-test requirements of the radio prototypes
developed at LASSENA. For verification ™ purposes, each of these requirements is linked to at least
one of the test procedures that have been organized in the following testing documents according to its
specific purpose:

[7] Section I - 4505 - Laboratory Equipment Validation
/8] Section Il - 4505 - Aircraft Ground Tests
/9] Section III - 4505 - Flight Tests

Each of these documents are divided into two main areas according to the goals of the tests:

Electromagnetic Compliance: To guarantee a sufficient degree of confidence that the
prototype during operation will not emit harmful electromagnetic interference in
communication and power lines, that is “immune” to common Electromagnetic Interference
that will be found in its operating environment and that the prototype will comply with
Minimum Operational Performance Standards (MOPS) in regards of:

o Signal power levels.

o Expected Waveform.

o Respect of the designed spectrum.

Functional Validation: To guarantee a sufficient degree of confidence that the prototype
complies with the selected subset of MOPS and can be reliably used for its intended function
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in regards of:
User interface/Interaction.

o

O
O
O

Completeness and relevance of displayed and stored Data.

Data Formats and Coding.

Validity of Data.

Other areas of compliance with MOPS might be included and will be assessed separately
depending on the equipment under test.

The aircraft (Piaggio P.180 Avanti) is provided by another one of our industrial partners for this
project, namely Marinvent Corporation, which will work closely with the research team in preparation

for and execution of the flight tests.
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14 Functional Requirements for Applications in Scope

The requirements specified in this section consider the testing of ADS-B and DME Software Defined
Applications.

1.4.1  Functional DME Requirements
1.4.1.1 Ground Station Interrogation

This equipment shall be able to interrogate a ground station and determine the slant
range between it and the aircraft when the associated VOR frequency is selected.

1.4.1.2 DME Warnings

A warning shall be provided to alert the aircrew whenever the equipment loses track
a DME signal and a valid VOR frequency is selected. ([1] Section 2.2.18).

1.4.1.3 DME Performance Standards
The transmitted DME signal is within the allocated tolerances and consistent with
the specification as outlined in the following references:
1.4.1.3.1 DO-189 section 2.2.2 page 17 - Interrogator Pulse Spectrum
1.4.1.3.2 DO-189 section 2.2.3 page 18 - Interrogator Pulse Characteristics
1.4.1.3.3 DO-189 section 2.2.6 page 19 - Interrogator Frequency Stability

1.4.1.3.4 DO-189 section 2.2.7 page 19 - Interrogator Peak Power

1.4.1.3.5 DO-189 section 2.2.8 page 20 — Receiver Sensitivity
1.4.1.4 Emission of Spurious Inter-Pulse CW - DME, (DO-189 section 2.2.16 page 25)
When not transmitting interrogator pulse pairs:

The emission of spurious CW RF energy from the antenna port connector shall not
exceed -47 dBm on any frequency within the range 960-1215 MHz, and shall not
exceed -57 dBm on 1030 +3 MHz and 1090 +£3 MHz.

Equipment intended for dual DME installations shall not emit spurious CW RF
energy from the antenna port connector exceeding -79 dBm on any frequency within
the range 960-1215 MHz.

1.4.1.5 Simultaneous Interrogation

This equipment must NOT allow simultaneous interrogations of multiple ground
stations at different channels.

1.4.1.6 Pico SDR selectivity for DME

The DME application running in the Pico SDR should be able to operate efficiently
in the presence of continuous interfering signals (tones) at the same transmission
frequency of the Transponder Mode S equipment, provided that the peak power of
these signals is at least 10dB below the power of the locked signal.

1.4.1.7 Antenna Performance
1.4.1.7.1 Peak Power
The peak output power of the system should never exceed 2.0 kilo-Watts.

1.4.1.7.2 Receiver Sensitivity
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The receiver sensitivity should exceed -83 dBm in the absence of all
interfering signals.

1.4.1.7.3 Voltage Standing Wave Ratio

VSWR between equipment and antenna should not exceed 2:1 in the
frequency band 960-1215 MHz.

1.4.2  Functional ADS-B Requirements

14.2.1

1.4.2.2

1.4.2.3

14.2.4

1.4.2.5

1.4.2.6

1.4.2.7

Equipment Class

This prototype should be considered as class B1S equipment. (RTCA-260B, P. 23,
“Equipage Class Definitions”). Within this category it is understood that the
equipment can transmit but not receive ADS-B messages.

Transmission Frequency
The carrier frequency of ADS-B Message transmissions shall be 1090 =1 MHz.
ADS-B Message Pulse Shape

The spectrum utilization of the transmitted ADS-B signal shall be within the
allocated tolerances and consistent with the time domain pulse specification for
ADS-B Signals outlined in the DO-260B, table 2-7 page 38

Class B ADS-B Transponder-Based Transmitter Power

The minimum RF peak output power at the terminals of the antenna for this
Transponder-Based equipment shall be 10.0 dBW (10 W).

RF Peak Output Power (maximum)

The maximum RF peak output power of each pulse of each transmitted message at
the terminals of the antenna shall be fixed at 20.0 dBW (100 W) for this
Transponder-Based equipment.

Unwanted Output Power

When the ADS-B transmitter is in the inactive state, the RF output power at 1090
+3.0 MHz at the terminals of the antenna shall not exceed -70 dBm.

Data Formats and Coding

The transmitter data should comply with data format a coding as expected for ADS-B
signals in the areas of:

1.4.2.7.1 Modulation

DO-260B section 2.2.2.2.3 page 33 - Modulation

1.4.2.7.2 Message Structure

DO-260B section 2.2.2.2.5 page 34 — Message Structure

1.4.2.7.3 Pulse Intervals

DO-260B section 2.2.2.2.6 page 34 — Pulse Intervals

1.4.2.7.4 Preamble
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DO-260B section 2.2.2.2.7 page 34 — Preamble

1.4.2.7.5 Data Pulses
DO-260B section 2.2.2.2.8 page 34 — Data Pulses

1.4.2.7.6 Pulse Amplitude
DO-260B section 2.2.2.2.9 page 35 — Pulse Amplitude
1.4.3  Both Applications:
1.4.3.1 Installed Equipment Performance Requirements, (DO-212 Section 3.2)

1.4.3.1.1 Aircraft Environment

The equipment performance shall be compatible with the environmental conditions
present in the specific location in the aircraft where the equipment is installed.

1.4.3.1.2 Dynamic Response

Operation of the equipment shall not be adversely affected by aircraft maneuvering or
changes in attitude encountered in normal flight operations.

1.4.3.1.3 Failure Protection
Any probable failure of the equipment shall not degrade the normal operation of

equipment or systems connected to it. Likewise, the failure of the interfaced equipment
or systems shall not degrade normal operation of this equipment.

1.4.3.2 Equipment Accessibility
1.4.3.2.1 Displayed Data

All in-flight operable equipment and displayed data must be readily accessible
and easily interpreted

1.4.3.2.2 Controls

All controls that need to be operated during tests shall be readily accessible
from the appropriate operator’s/crew member(s)’s seated position
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1.5 Flight Test Requirements
1.5.1  Pre-flight Test Requirements
1.5.1.1 Inadvertent Turnoff

Appropriate protection shall be provided to prevent the inadvertent turnoff of the
equipment.

1.5.1.2 Interference

The equipment shall not be the source of objectionable conducted or radiated
interference nor be adversely affected by conducted or radiated interference from
other equipment or systems installed in the aircraft.

1.5.1.3 Intended Function

Each control on the non-standard installed equipment on board must perform
according to its intended function.

1.5.1.4 Installations

Installation of the equipment must be performed making use of acceptable
workmanship and engineering practices.

1.5.1.5 Power Input

The aircraft's electrical power generating system and its batteries must be able to
independently supply the EUT on air and ground.

1.5.1.6 Associated Equipment or Systems

Unless otherwise specified, all aircraft electrically operated equipment and systems
must be operational before conducting interference tests.

1.5.1.7 Associated Equipment or Systems

Unless otherwise specified, all aircraft electrically operated equipment and systems
must be operational before conducting interference tests.

1.5.2  Flight Test Requirements (DME)
1.5.2.1 Warnings
Tune to a DME station, then change to an un-used channel and observe for warnings.
1.5.2.2 Maximum Range

Maximum range to be demonstrated is 40 NM for aircrafts certified for operation below
18,000 feet. For 1* flight test the aircraft altitude should be 8000 feet with a radiated power
no greater than 100 watts.

1.5.2.3 Pass Over DME facility

DME should be able to track and read station identification with no unlocks while flying at an
altitude of 2000 feet and overflying a DME facility.

1.5.2.4 Climb and Maximum Range

DME should continue to track and read station identification with no unlocks, while climbing
from altitudes between 2000 and 8000 feet and closer than 35 NM from a DME station.

1.5.2.5 Long Range Operation

At altitudes below 8000 feet and distances less than 35 NM from a DME station, the DME
should continue tracking and provide station identity with no more than one unlock in any
360-degree turn.
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1.5.2.6 Penetration

From initial altitudes of 18000 feet and below, while descending directly towards a DME
station, the DME should continue to track and read station identification with no unlocks
during the maneuver.

1.5.2.7 Orbiting

While in the range of 35 NM from a ground station at and a height above the terrain of 2000
feet, with the landing gear extended and flying at either a holding pattern airspeed or at
maximum certified landing gear extended airspeed, whichever is lesser for the aircraft; the
DME should continue to track and read station identification with no more than one unlock
while flying any 15 degree sector.

1.5.2.8 Approach

During a straight-in approach at an actual ground station, DME should track and read station
identification with no unlocks other than passing over the facility.

1.5.3  Flight Test Requirements (ADS-B)

NOTE: Since the receiver section of ADS-B is not completely built, a limited portion of the
flight tests can be conducted in 2014, we may be able to demonstrate ADS-B attributes such as: 1)
conflict detection and management, 2) enhanced visual acquisition, 3) station keeping and 4) airport
surface situational awareness features. For demonstration of each of these features a state vector (SV)
and a mode status (MS) report needs to be transmitted from the prototype ETS/Nutaqg ADS-B system.

1.5.3.1 For Station Keeping “, test state vector (SV) and a mode status (MS) reports
acquisition (for at least 5 minutes) when 20 NM miles away from the ground station.

1.5.3.1.1 Acquisition range (ground station)

SV acquisition range should be 20 NM with an error in reception not greater
than 5%.

1.5.3.1.2 Nominal Broadcast Update (airborne station)

SV nominal broadcast update interval should be faster than 7 Hz at 20 NM and
at 10 NM it should be updated faster than 3 Hz.

1.5.3.2 For Enhanced Visual Acquisition, test state vector (SV) and a mode status (MS)
reports acquisition (for at least 5 minutes) when 10 NM miles away from the ground
station.

1.5.3.2.1 Acquisition Range (ground station)

SV acquisition range should be 10 NM with an error in reception not greater
than 5%.

1.5.3.2.2 Nominal Broadcast Update (airborne station)

SV nominal broadcast update interval should be faster than 3 Hz at 3 NM and
at 10 NM it should be updated faster than 5 Hz.
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1.5.3.3 For Surface Situational Awareness, test state vector (SV) and a mode status (MS)
reports acquisition (for at least 5 minutes) when 5 NM miles away from the ground
station.

1.5.3.3.1 Acquisition Range (ground station)

SV acquisition range should be 5 NM with an error in reception " not greater
than 5%.

1.5.3.3.2 Nominal Broadcast Update (airborne station)

SV nominal broadcast update interval should be faster than 1.5 Hz at 5 NM.
1.5.4  Both Applications (DME and ADS-B)
1.5.4.1 Reception of Intended Signals

The system shall be able to receive the intended signal regardless of the direction of
flight or the execution of normal maneuvers. This should accommodate the
maximum bank and pitch angles associated with departures, approaches and missed
approaches.

1.5.4.2 Recorded Variables

All time tagged variables from the aircraft instrumentation data bus shall be recorded
simultaneously with data from the prototype systems during the entire flight.

1.5.4.3 Pilot’s Commands

Pilots’ commands to the aircraft such as aircraft attitude shall be recorded for the
interest of post-test analysis during the entire flight.

1.5.4.4 Display Visibility
The appropriate operator/crew member(s) shall have an unobstructed view of
displayed information when in the seated position. The brilliance of any display shall

be adjustable to levels suitable for data interpretation under all cabin ambient light
conditions ranging from total darkness to reflected sunlight.

NOTE: Visors, glare shields or filters may be an acceptable means of obtaining daylight
visibility.
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1.5.5 Critical Variables to be recorded during tests

Received signal samples must be recorded in parallel to be able to carry out post-processing analysis of
any event that may occur, so that the event can be replicated in laboratory afterwards.

For instance, it is expected that multipath effect might be a major source of error for DME; in this case
recorded data is critical to assess prospective multipath mitigation algorithms. Here is a list of the

variables that must be stored:

The variables units will be specified and recorded by the flight test engineer according to the particular flight test conditions.

State vector variables:

1) ID
1.a) Participant address

1.b) Address qualifier
2)  Time Of Applicability

3)  Geometric Position
3.a) Latitude (WGS-84)
3.b) Longitude (WGS-84)
3.c) Horizontal position validity
3.d) Geometric altitude

3.e) Geometric altitude validity

4)  Horizontal velocity
4.a) North velocity while airborne
4.b) East velocity while airborne

4.c) Airborne horizontal velocity validity

5)  Barometric altitude
5.a) Pressure altitude

5.b) Pressure altitude validity

6)  Vertical rate

6.a) Vertical rate from barometer of

navigation system

6.b) Vertical rate validity

7) Navigation Integrity Category

MS report should transmit the following
information during flight:

1)  Capability Codes
1.a) TCAS/ACAS installed and operational

1.b) Cockpit Display of Traffic Information
(CDTI) capability

1.c) ARV report capability flag
1.d) Target State report capability flag
1.e) Trajectory Change report capability flag

1.f) Is ADS-B reporting its reference position

2)  Operational Codes
2.a) TCAS/ACAS resolution advisory active
2.b) IDENT switch active

2.c) Receiving ATC services

3) SV quality

3.a) Navigation accuracy category for position
(NACp)

3.b) Navigation accuracy category for velocity
(NACv)

3.c) Surveillance Integrity Level (SIL)

Note: 1 hour of recording at sampling rate 3 MHz =~ 345 Gbits of data (32 bits per sample (16 bits x 2
channels, I and Q). A big and fast enough external hard drive should be procured for this purpose.
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Functional Requirements

Flight Test Requirements

14

1.5

Requirements Test Coverage Matrix

Requirements

14.17.1
1.4.1.7.2

Document Lab. Equipment Validation Doc. Aircraft Ground Tests Doc Flight Tests Doc.
(LEVD) 11:1213;14/15{16(17;1.8} 1.9
Tests| (aGTD) 121122123 131
(FLTD) 12:13/14{15/16:{1.7{1819] 1.1
Section Name Symbol

Ground Station Interrogation

DME Warnings

DME Performance Standards

Interrogator Pulse Spectrum X
Interrogator Pulse Characteristics X
Interrogator Frequency Stability X

Interrogator Peak Power

Receiver Sensitivity

Emission of Spurious Inter-Pulse CW

Simultaneous Interrogation

Pico SDR Selectivity for DME

Antena Performance

Peak Power

Receiver Sensitivity

Voltage Standing Wave Ratio

Equipment Class

NEIEIKS

Transmission Frequency

x

ADS-B Message Pulse Shape

Class B ADS-B Transponder-Based Transmitter Pow| X
RF Peak Output Power (maximum) X
Unwanted Output Power X

Data Formats and Coding

Modulation

Message Structure

Pulse Intervals

Preamble

Data Pulses

Pulse Amplitude

Installed Equipment Performance Requirements

XXX X |X|X|Xx

Aircraft Environment X| XX X

Dynamic Response X
Failure Protection X
Equipment Accesibility X X
Displayed Data X
Controls X
Inadvertent Turnoff X
Interference X

Intended Function X
Installations X X
Power Input X

Associated Equipment or Systems

Technologie Sunérieure. 2016

Warnings *

Maximum Range *

Climb and Maximum Range *

Long Range Operation *

Penetration *

Orbiting *

Approach *

1.5.3.1 |Perform Station keeping *

1.5.3.1.1 |Acquisition Range *

1.5.3.1.2 |Nominal Broadcast Update *

1.5.3.2 |Perform Enhanced visual Aquisition *

1.5.3.2.1 |Acquisition Range *

1.5.3.2.2 |Nominal Broadcast Update *

1.5.3.3 |[Situational Awareness *

1.5.3.3.1 |Acquisition Range *

1.5.3.3.2 |Nominal Broadcast Update *

15.4 Both Applications *

1.5.4.1 |Reception of Intended Signals *

1.5.4.2 |[Recorded Variables *

1.5.43 [Pilot's Commands *

1.5.4.4 [Display Visibility *
Legend *  Test procedure not (yet) created.

Figure I - Requirements Test Coverage Matrix
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1. Flight Tests

1.1 Introduction

This document describes the proposed flight test plan to be conducted on the experimental Software
Defined Avionics Radios (SDAR). System integrity requirements for the specific aircraft and airborne
architecture shall be determined by conducting functional hazard assessment and system safety
assessment before the execution of each test.

1.2 Before take-off (GPU) Test Procedures for ADS-B & DME SDAR Applications

1.2.1 Purpose of the Test

The objective of this first test is to verify before takeoff that the applications have the ability
to record their essential parameters into external media so that they can be reviewed and used
for analysis and other types of post-processing after the flight test.

A test which guarantees that valid data will be correctly stored during the flight will be run
before takeoff. No signal must be transmitted on DME/ADS-B frequencies during this
procedure.

All the maneuvers described in the following sections have the objective of obtaining
appropriate data to analyze against the requirements on sections 1.5.2 and 1.5.3 of the Flight
Test Plan Requirements Document (FTPR).

This test satisfies the following requirements:

= [Error! Reference source not found.] (FTPR) — 1.5.5 Critical Variables to be
recorded during tests.

= [Error! Reference source not found.] (FTPR) — 1.5.1.3 Intended Function

= [Error! Reference source not found.] (FTPR) — 1.5.1.5 Power Input

1.2.2 Equipment Used

o Laptop - Serial Number: [ ]
o Nutaq Pico®™ SDR — Serial Number: [ ]
o E-Sata Hard disk Drive — Serial Number: [ ]

1.2.3 Test Description

The EUT will be in operational mode before takeoff and raw dummy data will be stored in
external media.

1.2.4 Test Procedure

1) Setup

a) Verify that the HPA power switch is in the OFF position.

b) Verify that the workstation is present and equipment properly mounted. As per
figures 2 and 3 on Section 1.4 of the Installed Equipment Configuration
Document (IECD).

c) Verify that the flight-test laptop and PicoSDR are properly secured and
energized and all the RF section and workstation are being supplied by the
airplane’s GPU before starting the engines. (Perform sanity check after engines
start).

2) Initial conditions
a) This test must be performed while the plane is still on the ground.
b) Verify that the PicoSDR and E-SATA external media are turned ON.
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¢) Visually verify that the test program on PicoSDR is ready to execute on the
terminal window.
3) Test steps
a) Execute the test script: (NAME OF THE SCRIPT HERE).

1.2.5  Pass Fail Criteria
The test program should display test passed for the following parameters:

1) Network check. PASS FAIL
2) External media present and properly mounted. PASS FAIL
3) File creation and disk operations allowed. PASS FAIL
4) PicoSDR setup. PASS FAIL
5) Required data available in the bus. PASS FAIL

Note: in case of failure of any of the previous points the flight test will be cancelled.

1.3 Flight Test Procedures for DME (DO-189 pgs. 107-108)

1.3.1 Purpose of the Test

The purpose is to demonstrate that the DME will continue to track and read ground station identity
without excessive dropouts within the range of a DME station from altitudes above the radio line of
sight up to 20000 feet. DME performance is to be evaluated during cruise configuration at bank angles
up to 10 degrees to achieve maximum negative and positive pitch angles associated with departures,
approaches and missed approaches.

This test satisfies the following requirements:

= [Error! Reference source not found.] (FTPR) — 1.5.2 Flight Test Requirements
(DME)

1.3.2 Test Descriptions

Section 1.5.2 of the requirements document (FTPR) contains the requirements upon which, these
individual flight maneuvers are described, a general procedure for the operator of the EUT is described
below.

1.3.3 Test Procedure

The following steps must be run for each of the maneuvers described by section “Maneuvers”. Note
that a separate data file will be stored for each maneuver.

1) SetUp
a) Visually verify that the test adequate program on PicoSDR is ready to execute on
the terminal window.
b) The flight test engineer in charge will notify the test pilot that EUT is ready to
transmit.
2) Initial conditions
a) This test must be performed while flying.
b) Verify that the previous test (if any) has completed its execution.
3) Test steps
a) Wait for the pilot’s clearance to move the HPA power switch to the ON position.
b) Run the DME transmission command on PicoSDR terminal (Refer to Test card
for specific procedure)
¢) Wait for a locked DME signal. (Within 30 seconds), otherwise abort the test.
d) Indicate the pilot to start the maneuver.
e) Verify that systems are online and correctly capturing data.
f)  Fill-in the test card designed for the specific test under execution.
g) Wait for maneuver’s execution completion. (Pilot should notify)
h) Stop the DME program execution and data capture on PicoSDR. (Refer to Test
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card for specific procedure)

1.3.4 Maneuvers

Altitudes are specified Above Ground Level (AGL).
Distances are +-0.5 NM DME.

1.3.41

1.34.2

1343

1.3.44

1.3.45

Climb and Maximum Range

Beginning at a distance of at least 10 NM from a DME facility at an altitude of 2000 feet, fly
the aircraft on a heading so that the aircraft will pass over the facility. At a distance of 7 NM
beyond the facility, fly the aircraft in a steady enroute climb to 8000 feet, DME should
continue to track and read station identification with no unlocks.

Long Range Operation

At a distance of 35 NM from the ground station and altitude of 8000 feet perform two 360-
degree turns, one to the right and one to the left at 15 degrees; then repeat the exercise at 30
degrees (four 360 degrees turns in total). Determine that the DME continues to track and
provide station identity with no more than one unlock in any 360-degree turn.

Penetration

From an initial altitude of 18000 feet perform a let-down directly toward the DME station
maintaining a descent rate of 4000 ft/min from 18000 to 12000 feet (approximately 1.5
minutes dive), from 10000 to 5000 feet maintain a descend rate of 1700 ft/min (approximately
3 minutes dive) so as to reach an altitude of 5,000 feet above the facility and 5 NM before
reaching the station. Under these conditions the DME should continue to track and read
station identification with no unlocks during the maneuver.

Orbiting

Fly at least a 15-degree arc both clockwise and counter clockwise at a range of 35 NM from a
ground station at a height above the terrain of 2000 feet (to be discussed with test-pilots).
With the landing gear extended and flying at either a holding pattern airspeed or at maximum
certified landing gear extended airspeed, whichever is lesser for the aircraft, under these
conditions DME should continue to track and read station identification with no more than
one unlock in any 15 degree sector.

Approach

Make a straight-in approach at an actual or simulated field with a DME facility. The DME
should track and read station identification with no unlocks other than passing over the
facility.

1.4 Flight Test Procedures for ADS-B

1.4.1 Purpose of the Test

The purpose is to demonstrate that the data stream sent by the ADS-B-Out system on-board the aircraft
can be received by the ADS-B-In system, installed at LASSENA’s mobile ground station in order to
record the data and perform a system’s performance evaluation in the future.

This test satisfies the following requirements:

= [Error! Reference source not found.] (FTPR) — 1.5.3 Flight Test Requirements
(ADS-B)
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1.4.2 Test Descriptions

Section 1.5.3 of the requirements document (FTPR) contains the requirements upon which, these
individual flight maneuvers are designed. A general procedure for the operator of the EUT is described
below.

1.4.3 Test Procedure
1) SetUp

a) Visually verify that the test adequate program on PicoSDR is ready to execute on

the terminal window.
b) The flight test engineer in charge will notify the test pilot that EUT is ready to
transmit.
2) Initial conditions
a) This test must be performed while flying.
b) Verify that the previous test (if any) has completed its execution.
3) Test steps
a) Wait for the pilot’s clearance to move the HPA power switch to the ON position.

b) Run the ADS-B transmission command on PicoSDR terminal (Refer to Test card

for specific procedure)

¢) Wait for an ADS-B transmission confirmation on the laptop screen. (Within 30
seconds), otherwise abort the test.

d) Indicate the pilot to start the maneuver.

e) Verify that systems are online and correctly capturing data.

f) Communicate with LASSENA’s ground station to verify data reception.

g) Fill-in the test card designated for the specific test under execution.

h) Wait for maneuver’s execution completion. (Pilot should notify).

i)  Stop the ADS-B program execution and data capture on PicoSDR. (Refer to Test
card for specific procedure)

1.4.4 Maneuvers

1.4.4.1 ADS-B testing maneuver

Aircraft altitude, speed and configuration are not a relevant factor for the execution of this test. (As per
Nav Canada and the radio license limits).

Considerations in the flight plan should be taken to guarantee that the following maneuver will at least
last for 5 minutes, to comply with the minimum data amount required to be stored during the execution
of these maneuvers.

For ground station:

Position the receiving ground station at a site to be defined jointly with Nav Canada, ETS and
Marinvent Corp.
For aircraft:
Cases considered:
e Station keeping (20 NM miles away from the ground station)
*  Enhanced visual acquisition (10 NM miles away from the ground station)

¢ Surface situational awareness (5 NM miles away from the ground station)

Fly towards the station, then outbound on a constant track for 20 NM, perform one 180
degrees left or right turn, then fly back 10NM to the station and perform a 360 degrees left or
right turn, fly back SNM and perform another 360 degrees left or right turn, fly back to the
station. Once the station is reached the test is completed.
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1.5 Post-Test Analysis

The following data elements shall be obtained during flight test or must be sufficient to allow
calculation of the following parameters:

1.5.1 Data for ADS-B:

* Position error.

*  Horizontal velocity error.

*  Maximum vertical position and velocity errors.

* Horizontal and vertical positions and velocities.

*  Broadcast codes of Navigation Integrity Category (NIC).

¢ Capability codes, operational modes and SV quality factor.
*  Aircraft’s call sign, address and category.

* Heading information.

1.5.2 For DME:

¢ Slant range.

*  Warnings.

*  DME Operation channel.

¢ Ground station identification.

In order to benchmark ETS prototype systems with currently installed and certified avionics on the
aircraft we will need to record all time tagged variables from the aircraft instrumentation data bus and
simultaneously from the prototype systems. ETS system recorded variables will also serve the purpose
for future systems analysis providing enhancements to the consolidated Software Defined Avionics
(SDA) of the AVIO-505 research program. Critical variables to be recorded during tests are defined on
the introductory section of Flight Test Plan Requirements document. Pilots’ commands to the aircraft
such as aircraft attitude are also parameters to be recorded for the interest of post-test analysis.
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Definitions

A. Ground Test (DO-189 pg. 10) ': A test conducted prior to flight using the built-in test
equipment (BITE) or a certified ground checkpoint on the airport surface.
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1. Aircraft Ground Tests

1.1 Ground Tests Intro

This section presents the tests to be performed to guarantee that the EUT complies with the
minimum acceptable level of performance for the equipment when installed in the aircraft. For
the most part, installed performance tests are the same as those performed on laboratory.
However, certain requirements may be affected by the physical installation (e.g., antenna
patterns, receiver sensitivity, etc.) and can only be verified after installation.

1.2 Common Tests for DME and ADS-B Applications
1.2.1 Interference Effects Test

1.211 Satisfies Requirements
= [8] (FTPR) - 1.5.1.2 Interference

= [8] (FTPR) - 1.5.1.6 Associated Equipment or Systems
1.21.2 Test Description

After EUT is energized with the aircraft’s electrical power, individually operate each of the other
electrically operated aircraft equipment to determine that no significant conducted or radiated
interference exists, thus not affecting aircraft avionics safety critical systems. Particularly operate
communications and navigation equipment on at least the low, high and one mid frequency bands to
assure it is working correctly. Observe that no adverse effects are present in other required aircraft
systems. Make note of systems or modes of operation that should also be evaluated during flight. If
appropriate, repeat tests using emergency power with the aircraft’s batteries alone and the inverters
operating.

NOTE: A template (Avionics Systems Non-Interference Checklist) has been created for data

recompilation and results of avionics systems non-interference check tests, this template is

available in the following document:

[10] 4505 — ANNEX A

1.21.3 Test Procedure

1) Make sure that the EUT is energized with the aircraft’s electrical power and ready to transmit the
desired waveform.

2) Set the transmission power according to the maximum allowed by the current operating conditions.
3) Start the transmission.

4) Making use of the “Template for avionics systems non-interference checklist” and assisted by a
qualified operator; individually operate each of the electrically operated aircraft equipment found
in the checklist to determine if significant conducted or radiated interference exists.

5) Make any required annotations in the designated checklist’s section.
1214 Pass Fail Criteria

None of the evaluated aircraft’s systems should be affected at all by the operation of the EUT,
however if there is any deviation from the expected results, an assessment by an external qualified
expert will be performed to determine the result of the test.

1.2.2 Ground Operation
1.2.21 Purpose of the Test

To verify that the equipment can be correctly operated from the space designated for it and the
crew required for proper operation.
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This test satisfies the following requirements:
= [8] (FTPR) — 1.5.1.1 Inadvertent Turnoff
= [8] (FTPR) — 1.5.1.4 Installation
= [8] (FTPR) — 1.5.1.5 Power Input

= [8] (FTPR) — 1.4.3.2 Equipment Accessibility

1.2.2.2 Test Description

With the equipment already mounted inside the plane make all the intended crew for flight
onboard the plane and proceed to cabin-door close. The system operator should perform a
complete power cycle OFF-ON-OFF of the equipment and activate the transmission and data
logging capabilities of the system.

1.2.2.3 Test Procedure
6) Get onboard the plane and perform a cabin-door close.

7) Vary all controls used for in-flight operations through their full range.

8) Is the equipment operating as expected and that each control performs its intended function?
YES NO

9) Under normal aircraft conditions, cycle the aircraft power between all normal power sources.
10) Is the equipment operating properly on all power sources? YES NO

11) From the seated position and with all the security measurements required during flight
implemented, turn ON the equipment and activate the logging and data transmission capabilities of
the system.

12) Is the system operational and the logging and data transmission capabilities of the system are
active? YES NO

13) Are all equipment controls and displayed data are readily accessible and easily interpreted?
YES NO

14) Has the operator left his seat to perform any of the requested steps?
YES NO

15) Proceed to shut down the equipment by using the standard procedure.
16) Has the system come successfully to a shutdown state? YES NO
1.2.2.4 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed. The operator shall be able to complete
the power cycle of the system without leaving his seated position.

1.2.3 Conformity Inspection
1.2.31 Purpose of the Test

To determine the use of acceptable workmanship and engineering practices and verify that all
mechanical and electrical connections have been made properly and that the equipment has been
located and installed in an adequate manner.
This test satisfies the following requirements:
= [8] (FTPR) — 1.5.1.4 Installations

= [8] (FTPR) — 1.4.3.2 Equipment Accessibility
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= [8] (FTPR) — 1.4.3.1.2 Dynamic Response

= [8] (FTPR) — 1.4.3.1.3 Failure Protection

Aircraft Configuration
Both aircraft Transponder and DME systems circuit breakers should be pulled during ground testing.

1.2.3.2 Test Description

This test shall be performed after all the equipment intender for flight has been installed on the
aircraft and no more changes are needed for installation.

1.2.3.3 Test Procedure
17) Visually inspect the installed equipment.

18) Is the use of acceptable workmanship and engineering practices present in the system installation?
YES NO

19) Have all mechanical and electrical connections been made properly and the equipment has been
located and installed in accordance with the manufacturer’s recommendations and approved
equipment list? YES NO

20) Have protection measures been taken to protect the systems connected to the newly installed
equipment from degradation of normal operation in the case of a probable failure?
YES NO

21) Is the equipment mounted in a way that prevents it from being adversely affected by aircraft
maneuvering or changes in altitude encountered during normal flight operation?
YES NO

1.2.3.4 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed. An assessment by an external
qualified expert may be needed to determine the result of the test.

1.3 Ground Test Procedures DME Exclusive, DO-189 Section 3.4.2
1.3.1  Equipment Function (Ramp Test)

1.3.11 Purpose of the Test

To verify that the EUT when installed on the aircraft can lock on to a DME ground station and
that the proper channel information is displayed, that distance information is being presented
and that the lack of signal warning is correctly displayed.

1.31.2 Test Description

With the equipment mounted on the plane and while still on the ground perform a DME lock
and track test by making use of a real or simulated DME ground station while verifying the
functionality of the equipment.

1.3.2 Equipment Used
o Nutaq® [Pico] SDR —Serial Number: [ ]

o LASSENA laptop ASUS K55L;
o Aecroflex® IFR-6000;
o Aeroflex® 91771 antenna.

1.3.21 Test Procedure
Equipment Setup

1) Using LASSENA laptop ASUS K55L, connect remotely to Pico® SDR (user=root,
p/w=nutaqrd);

2) Tune the tunable filter at round 978 MHz.
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3) On PicoSDR, open the terminal and execute command “sudo su” (p/w=nutaq)
4) Execute command “./prepare PicoSDR”

5) Turn on the IFR-6000. By pressing the setup button, cycle through the menu until the SETUP-
DME screen is displayed;

6) On IFR 6000, set “RF PORT” to “ANTENNA?”, then press “DME” button;
7) On IFR 6000 DME’s main screen set the parameters :
a. VORto 108 MHz
b. RFLVL to-2dBm
c. Rangeto 10 nm
Test Steps:
8) On IFR 6000, run DME.
9) On PicoSDR, is the distance displayed equals to 10 nm YES NO

10) On IFR 6000, run DME.
11) Lock on to a ground station (or simulate one using IFR-6000), then channel to a vacant

channel.
12) Is a warning displayed YES NO
13) Set the test set for a DME distance reply signal of less than 7 nm and is there a warning signal
output. YES NO
1.3.2.2 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed.

1.3.3 Test Results
PASS FAIL

14 Ground Test Procedures ADS-B Exclusive
1.4.1 Equipment Function (Ramp Test)
1411 Purpose of the Test

To verify that the EUT -when installed on the aircraft - can gather and broadcast the aircraft’s
information under the ADS-B standard.

= [8] (FTPR) - 1.4.2.7 Data Formats and Coding

1.4.2 Equipment Used
o Nutaq® [Pico] SDR —Serial Number: [ ]

o LASSENA laptop ASUS K55L;
o Aecroflex® IFR-6000;
o Aeroflex® 91771 antenna.

1.4.3 Test Procedure
Equipment Setup

14) Make sure that the Pico” SDR ‘s ADS-B/out is set in AID mode and DF 18 mode;
15) Connect the Pico™ SDR WS-port to AID Workstation Bus;

16) Using LASSENA laptop ASUS K55L, connect remotely to Pico® SDR (user=root,
p/w=nutaqrd);

17) On Pico® SDR’s remote desktop, check if plpl ip = 10.10.201.248;
18) On Pico” SDR’s remote desktop, run ifdown plp1, then ifup plpl=dhcp;
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19) Make sure that Pico™ SDR’s can ping 10.10.201.254;
20) On PicoSDR, open the terminal and execute command “sudo su” (p/w=nutaq)
21) Execute command “./prepare PicoSDR”

22) Turn on the IFR-6000. By pressing the setup button, cycle through the menu until the SETUP-
XPDR screen is displayed;

23) On IFR 6000, set “RF PORT” to “ANTENNA?”, then press “ADSB SETUP”;
24) On IFR 6000, set “ADSB MON” to DF18;

Test Steps:

25) On PicoSDR run ADS-B by executing the commande: /home/nutaq/AVIO-505/ads-b/adsb-
perseus.py” ;

26) On PicoSDR, increase the TX gain to -4;

27) On IFR 6000, Press XPDR Mode Key until “ADSB/GICB/UAT MAIN” menu is displayed;
28) On IFR 6000, Press RUN TEST soft key to start test;

29) On IFR 6000, is AVAIL displayed next to the right of at BDS 0,6 YES NO

30) On IFR 6000, is AVAIL displayed next to the right of at BDS 0,8 YES NO

31) Use Data Keys to select BDS 0,6 and press BDS DATA soft key to display selected BDS

screen;
32) Is the GPS values on IFR 6000 are equal to the GPS values displayed on X-Plane
YES NO
33) On IFR 6000, on bds 0,6 is MOVMENT=NOT MOVING YES NO

1.4.4 Pass Fail Criteria

Absence of ‘NO’ answers indicates the test has been passed.

1.4.5 Test Results

PASS FAIL
Table 1-1 Tests / Requirements Matrix for Aircraft Ground Tests

Functional Requirements Test Coverage Matrix
Document
-~ o~ oM -~ o~
K K T G Al n] o
- (AGTD) |mfm|m|m|m|e|e|e| || S|S]|S]|5]2]<
i EEEE R R R R RN RS Y s )
g Requirements SiasSSISISIS]E] 2233333
-
Test Name
1.21 Interference Effects X X PASS FAIL Notes
1.2.2 Ground Operation X X[ X X | X X X[ X PASS FAIL Notes
1.23 Conformity Inspection X X[ X X X PASS FAIL Notes
1.3.1 Equipment Function PASS FAIL Notes
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1.1 Introduction

This document describes the design of the “Software Defined Radio” (SDR) equipment developed at LASSENA, it
defines its operational properties and intended configuration for tests execution.

1.2 Development Platform

Nutaq® PicoSDR® was selected as the development platform because of its advanced RF, digital signal processing
and computational capabilities. By embedding an Intel® Core™ i7 processor, PicoSDR offers all the computational
power required for software defined avionics (SDA); its Xilinx® Virtex®-6 FPGA should provide the necessary
signal processing power to allocate simultaneous operation of systems; and the two Radio420X modules allow
simultaneous transmission and reception of two RF channels from 300 MHz to 3.8 GHz and 1.5 MHz up to 26 MHz
bandwidth. It can be considered as a self-contained embedded system.

A typical protocol integrity of one error in message for each 10 million sent and or received messages, this feature
shall be determined/quantified during ETS laboratory testing phase of the project.

1.3 Additional Equipment

Figure 1 shows the schematics of the additional RF Equipment required for flight test. The main criterion followed
in the design of this custom front-end is to obtain a cost-effective operational RF section. It comprises:
1) An HPA (High Power Amplifier), allowing transmission up to 100 W in saturation, with the purpose of
amplifying the PicoSDR output in order to operate at the specified maximum range, 50 NM.
1.a) Actual range is 63 NM, based on 200 NM range at | KW output power.
2) A circulator, whose purpose is twofold:
2.a) Protect the limiter from signals coming from the HPA.
2.b) Protect the HPA from incoming signals and reflections coming from the antenna.
3) A limiter, whose purpose is to protect the PicoSDR input from signals coming from the antenna, as well as
from the HPA.

Peak Output Power for
ADS-B and DME SDR
Applications

Custom RF Section

Filter 2

.%—» Limiter IE ||= >| Rx M::T;(E Ln

BWqg~10MHz (1% CF)

CF=750-1500 MHz Pico SDR

48 dBm
Filter 1
+50 dBm 0dBm
—/\ —4 HPA - Tx
JXﬁ

Passband=960-1215MHz

* Note 1- For ADS-B: Max. allowed peak output power at the antenna port (DO-181E) = 500W.
* Note 2- For DME: Max. allowed peak output power at the antenna port (DO-189) = 2000W.

Figure 1. Signal power levels due to PicoSDR transmission. Blue color represents forward transmission.

Table 1 details the model and most relevant parameters of each component.
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Equipment design

High Power Amplifier

Model EMPOWER BBM3K5KKO (web link)
Gain 50 dB

P1dB 47 dBm (50 W)

Input RF Power <10 dBm

Return Loss > 10 dB

Max. Load VSWR <3:1(6dB)

Cost (cooling not included) 5800 USD

Circulator

Model RFCI RFCR6354 (web link)

Insertion Loss (Tx and Rx paths) <0.5dB

Isolation (Tx-to-Rx and Ant.-to-Tx) | > 20 dB

Return Loss >20dB

Cost 306.5 USD

Limiter

Model Mini-Circuits VLM-63-2W+ (web link)

Max. Input Power

33 dBm

Max. Output Power 12 dBm
Insertion Loss <0.25dB
Return Loss >35dB
Cost 56 USD
Tunable Bandpass Filter
Tuning Range 750 to 1500 MHz
Power Handling 44 dBm (25W — CW)
BW;gs 1%

(10 MHz @ 1.03 GHz)
BW30as 2.2%

(23 MHz @ 1.03 GHz)
Instertion Loss 1.5 dB (max)

Operating Temperature

Confidential

PicoSDR
Model (LNA & Output Amp.) RDA1005L (web link)
Max. Input Power 20 dBm
Input Power @ ADC Saturation -14 dBm
Return Loss >15dB
P1dB 20 dBm
Cost - (inside PicoSDR)
Antenna
Model CI-105-16 (web link)
Return Loss > 14 dB (VSWR 1.5:1)
Radiation Pattern Y4 wave stub, 5 dBi
Max. RF Power 64 dBm
Cost 160 USD
Table 1. Additional RF equipment specifications.
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1.4 Assembly and Configuration

Using the components described on the previous section, a bracket prototype v1.0 has been assembled and prepared
to be mounted on the Piaggio’s workstation. The images below show the bracket that was created for the mounting
of the components on-board Marinvent’s Workstation and the mounting test performed at Marinvent’s offices on
October th ¢ 24™ of September 2014.

Figure 3- PicoSDR Position on Workstation Figure 2- Mounting bracket fixed to Workstation.
Figure 5- Assembled mounting bracket Figure 4 - Assembled mounting bracket
(Left side view) (Front view)

Different tests have been designed to verify the use of adequate materials and workmanship and proper mounting
and at Marinvent’s workstation. For more information, refer to AGTD, section 1.2.

1.5 Applications in Scope

Two different avionic waveforms should be generated by the prototype assembled from the components described
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above:

DME: This prototype should be considered as an airborne distance measuring equipment prototype
operating within the radio frequency range of 960-1215 MHz This equipment is able to interrogate a
ground station and determine the slant range between it and the aircraft when the associated VOR
frequency is selected. This equipment does not allow simultaneous interrogations of multiple ground
stations at different channels.

ADS-B: This prototype should be considered as class B equipment operating at 1090 MHz or at 978 MHz
Within this category it is understood that the equipment can transmit but not receive ADS-B messages.

Figure 6 and Error! Reference source not found. analyze the signal power levels considering the signals
transmitted by PicoSDR and the DME #1 and lower XPDR.

System integrity requirements for a specific aircraft and airborne architecture shall be determined by conducting
functional hazard assessment and system safety assessment.

Expected Interference Levels on DME Prototype
From Aircraft's Installed Equipment

Aircraft's Installed Equipment

Ant Gain
(5dB)

Ant Gain
(5dB)

60 dBm
=|| DME #1
58 dBm Lower
XPDR

Ant Gain
(50B)

+34.5 dBm|
+37.5 dBm

AVIO 505 Equipment Under Test (Prototype)

Custom RF Section

Filter 2

+34.5 dBm
| X~
+37.5dBm

12dBm

-232 dBm (Limited)
Limiter
-232 dBm 12 dBm

X —
Passband=960-1215MHz

BWaqg=10MHz (1% CF) (Limited)
CF=63 MHz apart from
Tx Frequency.
Filter 1
X~
o4 HPA

Max, I/P Leve
Rx 20 dBm

=]
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