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Technical Specification for Drone-based ILS and YOR measurements

. General Requirements

1.1 The proposed solution shall include specialized field measurements required for the commissioning and regular
maintenance of Instrument Landing Systems (ILS) at least categories | and I, as well as VHF Omnidirectional

Radio Range (VOR) systems.

1.2 The proposed solution shall enhance operational efficiency, accuracy, and safety during the ground inspection

of ILS and VOR systems, ensuring compliance with aviation regulations and standards.

1.3 The proposed solution shall consist of an integrated architecture with fully compatible components, including:

1} Airborne segment

a. Drone platform with RTK position

b. ILS/VOR receiver with associated antennas
2) Ground segment

a. Drone remote control

b. RTK base station

c. Flight Inspection System (FIS) operator computer

1.4 The operation of the FIS Software can be described according to the following block diagram.

A e dEE
! _‘Data hgnqing and data progess ng i ol Display |
 Comparison Bf
- navigation =
_information ;'-t-"Re_Cordil.'IQ :

1.5 The proposed solution shall provide high-precision performance, meeting or exceeding the specified

requirements for signal measurement accuracy, positional reliability, and data processing as detailed in the

relevant technical sections of this document.

1.6 The proposed solution shall meet the requirements for the ground inspection of navigation aids as specified in
ICAO Annex 10, Aeronautical Telecommunicaticns Volume | - Radio Navigation Aids, and ICAQ Doc 8071,

Volume | — Manual on Testing of Radic Navigation Aids.




1.7 The ILS/VOR receiver data and Drone positioning data (RTK) shall have the same timestamp simultaneously,
referenced from the GNSS receiver. The tenderer is required to detail the methodology used to qualify the

system.

1.8 The proposed solution shall support the following flight procedures as applicable, unless an alternative

proposed procedures are shown to be more efficient and be compliant with related standards:

a.  LOC: Approach, Partial Orbit
b.  GP: Approach, Level Run (or Vertical),
¢.  VOR: Orbit (CW, CCW), Radial-In, Radial-Qut

1.9 During a flight, a live view of the important measurement parameters, such as Course Deviation, Modulation
Depth, Signal Power, shall be available to the operator, using a continuous data link between the airborne

system and the ground control system.

1.10 The proposed receiver shall be integrated into a drone platform capable of operating with either its own

integrated power source or by utilizing the drone’s power system.

1.11 The proposed solution shall be designed to operate effectively under various environmental conditions, such

as temperature fluctuations, humidity, and wind, for outdoor use.

1.12 The proposed solution shall comply with all applicable local regulations, including those set by relevant
national aviation authorities, such as the Civil Aviation Authority of Thailand (CAAT), and other related authorities,
including Thailand’s National Broadcasting and Telecommunications Commission (NBTC) for unmanned aircraft

systems (UAS).

1.13 Comprehensive user manuals, including quick reference guides, detailed installation and configuration
guides, a detailed drone platform user manual, and detailed software user manuals, as well as technical

specifications, maintenance guides, and operational procedures, shall be provided with the solution

1.14 All documentation shall be made available in English, with additional language options provided as needed

1.15 Along with the proposed solution, the contractor shall provide training programs for operators and
maintenance personnel to ensure efficient usage. This training should encompass both theoretical and practical
aspects of operating the drone platform, using the measurement tools, troubleshooting, and maintaining the

system.

3

1.16 The contractor shall unlock the drone's geofencing to operate the drone platform at airports in Thailand, as

specified in the operational plan in Appendix A, without any additional cost.

1.17 The proposed solution shall provide measurement results for ILS-LOC, ILS-GP and DVOR systems that
demonstrate consistency with actual measurements from the AERQOTHAI flight inspection aircraft during the
acceptance test conducted at Nakhon Ratchasima Airport in Thailand. The test results shall be in dccordance with
the latest flight test report from AEROTHAI.

Note: Example of flight inspection results for LOC, GP, and VOR at Nakhen Ratchasima Airport are shown in

Appendix B.
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1.18 The proposed FIS software shall include the airport databases, and any relevant databases as specified in
Appendix A. Users shall be able to add new airports and other related data without incurring additional costs.

The proposed system shall also allow users to modify and update the database independently without any

additional cost.

. Measurement capabilities

2.1 The proposed solution shall include ILS/VOR receivers with required flight inspection parameters such as

bearing, signal strength and all needed modulation depth.

2.2 The proposed receiver shall be capable of calibration and alignment to ensure accuracy and precision in

signal measurements according to ICAO Doc 8071, Volume | standards.

a.  The proposed receiver shall include a documented calibration procedure, along with certification of the
calibration records.

b.  The proposed receiver shall be reqularly calibrated according to the manufacturer's recommended
intervals, with no additional costs for a period of two years from the date of acceptance of the proposed
system.

¢.  In the calibration method, a test transmitter shall be connected to the radio frequency (RF) input of the
receiver in order to input simulated signals. The output of the receiver is then compared to the nominal

signals, and any deviations are recorded.

2.3 The ILS-Localizer receiver shall guarantee performance accuracy as specified below:

(Note: RF frequency range of 108.0 to 112.0 MHz)

a. Deviation: < +0.001 DDM [Range: -0.10..+0.10 DDM, Field Strength: -75...-20 dBm|
b.  SDM (for single modulation depth): < +0.5% [Range: 35...45 %), Field Strength: -75...-20 dBm]
c. Field Strength: < +3 dB

2.4 The ILS-Glide path receiver shall guarantee performance accuracy as specified below:

(Note: RF frequency range of 329.0 to 335.0 MHz)

a. Deviation: £ £0.003 DDM [Range: -0.20...40.20 DDM, Field Strength: -75...-20 dBm]
b. SDM (for single medulation depth): < +0.5% [Range: 75..85 %), Field Strength: -75...-20 dBm]
a. Field Strength: < +3 dB

2.5 The VOR receiver shall guarantee performance accuracy as specified below:

{Note: RF frequency range of 108.0 to 118.0 MHz)

a. Bearing: < +0.2° [Range: 0..360°, Field Strength: -80...-30 dBm|

b.  AM-Modulation (for Depth 30Hz/9960Hz): < +0.5% [Range: 25..35 %, Field Strength: -80...-30 dBm)
C.  FM Deviation Ratio: < +0.2 [Range: 15...17, Field Strength: -80...-30 dBm|

d. Field Stréngth: < +3dB

2.8 The proposed receiver shall be able to pass the calibration tests conducted in Test Equipment Calibration
Laboratery Department, AEROTHAI and shall provide calibration records according to the standards specified in

Technical Specification section [2.3 - 2.5]. This process will take place during the acceptance testing in Thailand.

A
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3. Drone Platform Requirements

3.1 The drone platform shall be a multirotor design, that includes a minimum of four motors, with each motor

equipped with a dedicated Electronic Speed Controller (ESC).

3.2 The drone platform shall be designed to have low electrical noise characteristics in order to minimize
interference with received signals. For example, propeller-induced modulation of the received signal must be as

low as possible.

3.5 The total weight of the drone, including its payload and batteries, shall not exceed 25 kg.

3.4 The drone platform shall be powered by one battery set, include with an additional five spare sets.

3.5 Battery replacement shall not impact the configuration of the drone platform or the ILSNVOR receiver. Once

the system is configured for a mission, operators shall not have to reconfigure it after replacing the battery.

3.6 The drone platform, equipped with the proposed receiver and antenna, shall have sufficient flight endurance
to complete the necessary flight path, with a minimum duration of 15 minutes. The system shall be capable of

performing multiple measurement sequences in a single mission flight.

3.7 The contractor shall unlock the drone’s geofencing to operate the drone platform at airports in Thailand, as

specified in the operational plan in Appendix A, without any additional cost.

3.8 The drone platform shall support at least three types of automatic operations, as follows:

a.  Full-Automatic: Automatic flight along pre-programmed flight paths to a specified waypoint, including
automatic takeoff and landing.

b.  Stabilization (Semi-Automatic): Semi-automatic flight mode in which the autopilot system maintains
overall flight stability by controlling altitude, position, speed, and directional heading. The system shall
automatically adjust motor speeds in real-time to ensure stable flight and prevent undesirable tilting,
spinning, or deviation from the intended flight path.

C.  Return t(; Home (RTH): Automatic flight back to the starting point of the mission if an abnormality
oceurs, such as the battery being lower than the specified safety level (low battery), the wind being too
strong, or the distance being too far for safe return. If desired, the pilot can also initiate the qutomatic

return to the starting point.

3.9 The proposed system shall be designed with fail-safe mechanisms to ensure safe and reliable operation,
including features such as 3.8(a), 3.8(b), and 3.8(c), along with real-time monitoring teols to notify operators of

potential issues.

3.10 In the event of pilot incapacitation, it should be possible to trigger the following commands: LAND, Return to

Home, and Flight Termination System {(FTS) activation.

a.  Return to Home (RTH): as specified in 3.8 (c)

b.  Land immediately: Descend and land at its current position, regardless of GPS or home point.

¢.  Flight Termination System (FTS): Capable of executing a rapid and complete mission abort.




3.11 The drone platform shall include GNSS/RTK systems to support accurate, real-time navigation and
positioning, and shall be capable of tracking at least 7 GPS satellites, comply with the CAAT Operation Manual
Template for UAQ {CAAT-GM-UAS-001).

a.  The GNSS/RTK system shall provide real-time coordinate values with centimeter-level accuracy.
b.  The GNSS/RTK system shall support use with multi-rotor drones.
¢.  The GNSS/RTK system shall be equipped with a base station.

d.  The GNSS/RTK system shall be able to record data logs for later analysis.

3.12 The GNSS/RTK system shall provide centimeter-level positioning accuracy. The RTK receiver shall achieve
an accuracy of < +1.cm, + 1 ppm (Horizontal) and < +1.5 cm, + 1 ppm (Vertical).

RTK corrections shall be transmitted via an installed RTK ground station

3.13 The drone platform shall be equipped with navigation and flight control systems that utilize GNSS/RTK and

at least two Inertial Measurement Units (IMUs) to improve accuracy in areas with weak GNSS signals.

3.14 During a flight, telemetry parameters, as defined below, shall be displayed to the Ground segment.

a. Heading of the drone.

b. Attitude
C.  Speed
d. Height
e. Position

f. Connection status
g. Waypoints
Battery voltage and estimation of used capacity

i. Satellite status (for GPS)

3.15 The drone shall be capable of flying and conducting measurements at a maximum permissible wind speed

of at least 8 m/s.

3.16 The drone platform shall have adequate payload capacity to carry the necessary medsurement equipment

without compromising flight stability or performance.

3.17 The drone platform and all integrated systems shall be designed to operate effectively under various
environmental conditions, including temperature variations, humidity, and wind. The system shall be robust
enough to withstand the operational environment typically found at airports and other locations, with an Ingress

Protection (IP) rating suitable for outdoor use.

3.18 The ground flight control unit shall be capable of operating with the drone platform at a distance of no less

than 1.5 kilometers and at an altitude of no less than 300 feet.

3.19 The drone platform shall include a carry case made of strong and durable outer material, with inner
materials designed to absorb impact and prevent damage te the drone. The drone's structural components shall

be easily removable or foldable to fit into the carry case for convenient transport,

<
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4. Flight Inspection System (FIS) Software Requirements

4.1 The software shall enable pre-defined measurements, prepare the flight mission, process the measurement

data and automatically generate reports.

4.2 The proposed FIS software shall feature a user-friendly setup and control interface, allowing for eqasy

selection of measurement profiles.

4.3 The software shall comprise a dedicated database where the operator can enter and store all relevant

information for thé ILS and VOR to be measured, such as:

a.  Airport {airport name, airport ICAQ code, ...)

b.  Runway (runway ID, Length, THR cocrdinates, ...)

¢.  LOC data {coordinates, elevation, parameters such as width, ...)

d. GP data {coordinates, elevation, parameters such as width, angle, ...)

e. VOR data (coordinates, elevation, ...)

4.4 The software shall support the following flight procedures (measurement profiles) as applicable, unless an

alternative proposed procedures are shown to be more efficient and be compliant with related standards:

a. LOC: Approach, Partial Orbit
b.  GP: Approach, Level Run (or Vertical),
€. VOR: Orbit (CW, CCW), Radial-In, Radial-Out

4.5 The software shall be possible to store a measurement profiles such as the user can later load the same

parameters

4.6 The software shall provide a view where the selected measurement profile is visualized on a map with the

proposed waypoirts and all relevant measurement parameters

4.7 During a flight, a live view of the important measurement parameters, such as Course Deviation, Modulation
Depth, Signal Power, shall be available for the operator, using a continuous data link between the airborne

system and the ground control system.

4.8 For LOC, The software capability shall cover (receive, process, display, and record) the following parameters

and units as minimum:

a. Localizer Course Alignment Accuracy, in LA
b. Average Localizer Modulation Level, in % (Note: Both approach and partial orbit flight profile shall be

presented.)
c. Course Structure — Z1, in LA@NM
d. Course Structure — 72, in HA@NM
e. Course Structure — Z3, in HA@NM

f.  Localizer Course Width, in Degree
g. Minimum Clearance Within Sector 2 (150 Hz), in JLA/Degree
h. Minimum Clearance Within Sector 1 (150 Hz), in LA/Degree

Minimum Clearance Within Sector 1(90 Hz), in [LA/Degree




J. Minimum Clearance Within Sector 2 (90 Hz), in HA/Degree
k. Symmetry, in % (Note: Percent of symmetry of the 90 Hz Side.)
I RF Field Strength

4.9 For GP, The software capability shall cover (receive, process, display, and record) the following parameters

and units as minimum:

a. Glide Path Angle, in Degree (Note: Measured by approach flight profile.)
b. Average Glide Path Modulation Level, in % (Note: Both approach and level run (or vertical) flight

profile shall be presented.)
¢. Path Structure - Z1, in HA@NM
d. Path Structure — 72, in HA@NM
e. Path Structure - Z3, in JLA@NM

f.  Glide Path Angle, in Degree (Note: Measured by level run (or vertical) flight profile.)
g. Glide Path Half Width, in Degree
h. Upper Y.-Sector Width (90 Hz), in Degree

i. Lower Ya— Sector Width (150 Hz), in Degree
jo Clearance Below Path (at 0.45 x Glide Path Angle Elevation), in LA
k. Clearance Above Path (at 1.75 x Glide Path Angle Elevation), in LA

. Structure Below Path, in Degree (Note: Elevation angle at -190 HLA interception point.)
m. Symmetry, in % (Note: Percent of symmetry of the 90 Hz Side.)
n. RF Field Strength

4.10 For VOR, The software capability shall cover (receive, process, display, and record) the following parameters

and units as minimum:

a. Average 30 Hz AM, in % (Note: Both radial infout bound and orbit flight profile shall be presented.)

b.  Average 9960 Hz AM, in % (Note: Both radial infout bound and orbit flight profile shall be presented.)

¢. Average 9960 Deviation Ratio (Note: Both radial infout bound and orbit flight profile shall be
presefited.)

d. Radial Alignment Error, in Degree

e. Orbit Alignment Error, in Degree

f.  RF Field Strength

g. Flight Level (MSL) Altitude: Starting Point and Termination Point, in Feet

h

Distance: Starting Point and Termination Point, in NA

4.11 For each measurement, all drone flight data should be avdilable and it should be possible to analyze the

behavior of the drone during the measurement via record data logs.

4.12 The full processed result should be available shortly after landing without the need of further processing.

4.13 The software shall be licensed permanently and will not require any additional fee.
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5. Required List of Deliverables

ltemms Number
5.1 | Airborne segment 1 system
a. Drone platform with RTK position
b. ILS/VOR receiver with associated antennas
5.2 | Ground segment 1 system
a. Drone remote control
b. RTK base station
.  Flight Inspection System (FIS) operator computer
5.3 | Flight Inspection System {FIS) operator Software (see 1 software licenses
Technical Specification: Item 4 for details)
5.4 | FAT Report 1 original
1 hard copy and 1 soft copy
5.5 | SAT Report 1 original
a. Part 1: Conducted at Nakhon Ratchasima Airport 1 hard copy and 1 soft copy
b.  Part 2: Conducted at AEROTHAI's Laboratory
5.6 | Technical Manual and Documentation for the system and T hard copy and 1 soft copy
software I'\f:ted in ltems 5.1-5.3
5.7 | A Maintenance Agreement for the system and software listed

in Items 5.1 -5.3 covering the pericd of 2 years
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Appendix A:

Flight operation plan

® The testing plan is developed to compare the results of signal testing (Inspection Report)
obtained from.drone inspections and flight inspections using aircraft.
® This comparison will be conducted for both the ILS and VOR systems in accordance with ICAO
standards. A otal of 10 tests will be conducted over a two-year period, starting from the
delivery date of the drone inspection system. The tests will be carried out at four different
locations, including:
Location Navaids Facilities
1: Nakhon Ratchasima Airport ILS, VOR
2. Phetchabun Airport ILS, VOR
3. Hua Hin Airport VOR
4, Rayong Independent Navigation Aids Station VOR

P



Appendix B:

Examples of Flight Inspection Reports
for LOC, GP and DVOR

at Nakhon Ratchasima Airport:
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