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Technical Specification for Navigation and Landing Systems Modeling Software

1. General Requirements

1.1 The software shall suppert signal modelling and analysis for navigation ids (navaids) facilities including

Localizer {LOC), Glide Path (GP), and VOR.

1.2 The seftware shall be able te support analysis of different designs and implementations of navaids facilities by

specifying navaids technical characteristics, intended flight path, and surrounding environment.

1.3 The software shall support units for distance megsurement including feet, meters, kilometers and nautical

miles. .

1.4 The software shall support simulation Tterations to test and compare multiple parameter values,

1.5 The software shall be akle to previde graphical and numerical display and representations of the simulation

and modelling results.

1.6 The software shall be able to export simulation and medeling results in both text and graphic formats.

1.7 The software shall be licensed permanently and will not require any additional fee.

1.8 The software shall be able to provide simulation results that are consistent with the actual signal

measurements from the flight inspection gircraft of the Aeronautical Radio of Thailand Lid. (AERCTHAL.

a.  The proposer shall submit the signal simulation report of the LOC, GP, and VOR equipment according to
the specifying navaids technical characteristics, intended flight path, and surrounding environment as
specified in Appendix A.

b. The simulation results from the software shall be consistent with the actual signal measurements from

the flight inspection dircraft before and after the construction of the specified environment.,

2. Navaids Medelling and Analysis

The software shall provide predefined antenna arrays for LOC, GP, VOR and allow for the creation of

additional user-defined antenna patterns, arrays and characteristics.

2.1 LOC Medelling Requirements

2.1.1 Using the LOC modelling evaluation, the software user will perform analysis of LOC signal dlong the flight
path. This analysis evaluates the course errors along the flight path toking Into account the muitipath effects

caused by the orography and the buildings inside and around the airport.

2.1.2 The LOC modelling module of the software shall support the following functionalities:

a.  support user—defined positioning cf the LOC within the airport environment model
b. support user-defined LOC antenna patterns, arrays and charocteristics
€. support modeling airpert and adirspace environment, which endbles the software user to simulate the

result of LOC flight inspection.

. s
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d. copable ef analyzing the course error and signal strength analysis at various discrete peints along a

flight path.

2.1.3 The 1.CC modelling module of the software shall support customization of the following Runway and LOC

parameters:

a.  Locdlizer Width (or distance of the base of the Localizer Mast from the runway threshold)

b.  Antenna array type

¢.  Antenna element type

d. Course/Clegrance Freguency

e. The offset distance of the base of the localizer mast from the runwoay centerline {Main Offset)

f.  The localizer mast height

g. The angular rotation of the localizer propagation direction from being pardliel to the runway centerline

{Array Rotation)

2.2 5P Medelling Requirements

2.2.1 Using the GP modelling evaluation, the software user will perform analysis of GP signal along the flight
path. This analysis evaluates the path errors along the flight path taking inte account the multipath effects

caused by the orography and the buildings inside and around the airport.

2.2.2 The GP modelling module cf the software shall support the following functionalities:

a.  support user-defined positioning of the GP within the dirport environment mode!

b.  support user-defined GP antenna puttérns, arrays and characteristics

¢ support modeling airport and dirspace envirenment, which enobles the software user to simulate the
result of GP flight inspection. |

d. capable of analyzing the path error and signal strength analysis at various discrete points along a flight

path.

2.2.3 The GP modelling module of the software shall support customization of the following GP parameters:

d. Antenna array type

b.  Antenna element type

¢. Course/Clearance Frequency

d. The setback distance of the base of the Glide Path Mast from the runway threshold (Main Setback)
e. The offset distance of the base of the Glide Path mast from the runway centerline (Main Offset)

f.  Glide Path Width

g. Glide Path Angle

h. Glide Path Antenna Height

Glide Path Antenna offset




2.3 VOR Medelling Requirements

2.3.1 The software shall support modelling and analysis of the Doppler VOR (DVOR).

2.3.2 The VOR modelling aliows numerical modeling and performance simulation of Doppler VOR (DVOR)
equipment in real sites, taking into account elerments such as: cartography, physical characteristics of the terrain,
artificial obstacle scattering, and the effects of material properties on the radio electrical parameters of site

elements.

2.3.3 Using the VOR modeliing evaluation, the software user will perform analysis of VOR signal along the flight
path. This analysis evaluates the bearing errors along the flight path taking into account the multipath effects

caused by the arogrophy and the buildings inside and around the airport.

2.3.4 The YOR modelling module of the softwdre shall sugpport the following functionalities:

a. suppert user—defined pesitioning of the YOR within the airport environment model

b.  support modeling airport and airspace envirenment, which enables the software user to simulate the
result of VOR flight inspection.

. capable of analyzing bearing error and signal strength analysis at various discrete points along a flight

path.

2.3.5 The VOR modelling module of the software shall support customization of the following VOR parameters:

d. Frequency

h.  VOR Pesition

¢, Ground Elevation

d. Antenna Height

e. Counterpoise Height

f. Counterpoise Radius

3. Environment Medelling and Analysis

3.1 The environment modeling simulates adverse conditions such as limited reflection planes, high hills, buiidings,
and metatl structures. These elements are likely to cause distortions in the LOC, GP and VOR signals due to
reflections or diffractions of the signals along the aircraft path. Environmental modeling involves creating

representations of various obstacle profiles based on the physical models of aircraft and hangars.

5.2 The Environment Modelling and Analysis capability of the software shall be as the followings:

a.  The software shall be able to compute multipath errors that occurs due to cbjects and terrain in the
vicinity of LOC, GP and VOR.
b. The sojtware shall provide o visudlization capability for the seftware user to view the simulation

environment.

¢ The software shall provide a capobility for the software user to record the simulation envirorment.

#

D
o A



d. The software shall provide predefined objects within the airport vicinity include aircraft, hangars, wind
turbines, and control towers and support analysis of impacts of such objects to LOC, GP and VOR
signals.

e. The software shall support varying reflectivity indexes based on different object materials, This shall
include, at the minimum, steel, aluminum, concrete, brick, vinyl, gluss, plexiglass, woed, trees, rock,
and soii.

f.  The software shall support user customization of cbstacle profiles. This capability shall support user
selection of Plate and Wire Type, Material, Dimension, Base Elevction, Height, and Tilt Angle for each
obstacle under consideration.

g. The software shall include functions for the user to insert, view, and modify various scatter objects

“within the simulation environment.

h.  The software shall support analysis of impacts from forward-sloping and side-sloping terrain on LOC/GP

signals.

I The software shall support the analysis of cpen drainage in any orientation relative to the runway,

evaluating iis impact on the GP signal.

4. LOC/GP Flight Inspection Profile Modelling and Analysis

4.1 For standard LOC/GP flight inspection profiles, the software shall suppert the following flight profiles:

4.1.1 Approach Flight Path

1) Shall be specified by the following parameters:

a.  Approach Path Angle
b.  Altitude ot Threshold
¢.  Azimuth Angle
d. Range at Start
e. Range at Stop

2) For the simulation resuit, a plot showing the distance from the threshold versus LOC/GP parameter

values shall be provided.

4.1.2 Level Run Flight Path

) Shall be specified by the following parameters:

a. Elevation at Start
0. Elevation at Stop
c.  Altitude

d. Azimuth Angle

2) For the simulation result, a plot showing the elevation angle versus LOC/GP parameter values shall
be provided.
4.1.3 Orbit Flight Path
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1) Shall be specified by the following parameters:

a. Azimuth at Start
b. Azimuth at Stop
¢. "Range

d. Altitude

2} For the simulation resuit, a plot showing the azimuth angle versus | OC/GP parameter values shalf

be provided.

4.2 The resuit of LOC/GP simulations using the flight profiles described above shall include the following LOC/GP

parameter values:

a. CoursefPath error in HAMps or DDM
b. Total Signal Strength

4.5 Output reports of the LOC/GP simulation results shall be generated by inspecting all data points within the
simutated flight path and those linearly interpolated between inspected points at the beundary of a zone.
Note: The references to inspected points and the boundary of a zone shall comply with the ICAQ Annex 10

Volume | standards for LOC/GP Categories LI and 1.

4.4 The output reparts for LOC/GP simulation shall include:

a.  Alignment error in HAmps or DDM
b.  For each"zone, the highest absolute Course/Path error in that zone
¢ For each zone, the distance from threshold at the point with the highest absolute Course/Path error in

that zore

5. VOR FIigHt Inspection Profile Modelling and Analysis

5.1 For standard VOR flight inspection profiles, the software shall support the following flight profiles:

5.1.1 Radial Pattern

1) Shall be specified by the following parameters:

a. Stort Range
b. Stop Range
¢ Altitude

d. Radial

2) For the simulation result, a plot showing the distance versus VOR parameter values shal! be
provided.
5.1.2 Orbit Pdttern

1) Shall be specified by the following parameters:

a. Start Radial
b. Stop Radial
c. Range
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d. Altitude

2) For the simulation result, o plot showing the azimuth angle versus VOR parameter values shall be

provided.

5.2 The result of VOR simulations using the flight profiles described above shall include the following VOR

parameter values:

a. Bearing Error — Angle in degrees

b. Total Signal Strength

5.3 Qutput reports of the VOR simulation results shall be generated by inspecting all data points within the

simulated fiight path and those linearly Interpolated between inspected points.

5.4 The output reparts for VOR simulation shall include:

a. Alignment Errcr — averoge value

b.  Roughness/Scalloping — maximum error value, and location (bearing or distance}

¢ Maximum Bend - maximum value, and location (bearing or distance)

6. Required List of Deliverables

Items Number
8.1 | Navigation and Landing Systems Modeling Software 3 software licenses
6.2 | Technical Manual and Documentation for the software listed 1 hard copy and 1 soft copy

in ltern 6.1

6.3 | A Maintenance Agreement for the software listed in ltern 6.1

covering the period of 2 years

6.4 | Laptop including necessary operating system and software 3 laptops
(see Appendix B for details) with the minimum of 12—month

warrdantee

Note 1: The contractor shal! ensure the software listed in 6.1 are successfully installed onto the laptops listed

in Item 6.4 above and is fully tested and functional.

Note 2: In the event that the laptops mentioned in ftem 6.4 are damaged, the software listed in 6.1 can be

installed onto the new laptops, along with a permanent license, and will not require any additional fees.
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Appendix A:

Examples of LOC, GP and DVOR

Flight Inspection Report
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EXAMPLE 1: Localizer at Sakon Nakhon Airport

1. Modelling Description

1.1 Localizer System
e Table 1.1.1 presents the relevant data on the ILS/LOC RWY 23 system.

e Fig. 1.1.1 shows the Commissioning Width and the Position of the
Threshold Point,

2 i &

Table 1.1.3 - ILS/LOC System for Runway 23 at Sakon Nakhon Airport



&

Fig. 1.1.1 — the Comntissioned Width and the Position of the Threshold Point.

1.2 Obstacle
The obstacle is a perimeter fence surrounding the airport.
e Fig. 1.2.1 shows the characteristics of the fence.
¢ Fig. 1.2.2 shows the fence line around the airport.
e Table 1.2.1 shows the position of the fence line.

Fig, 1.2.1 —~Description of the Characteristics of the Fence

=
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Fig, 1.2.2 - Fence line arcund the airport

Table 1.2.1 — Position of the Fence Line



2. Flight Inspection Report
2.1 CASEI
» Fig. 2.1.1 shows the terrain of Sakon Nakhon Airport in the absence of a
perimeter fence,
¢ Fig. 2.1.2 presents the results of a flight inspection, showing clearance
and width with labels, conducted during the LOC partial orbit (8 NM

+40° CW, 2020 ft AMSL, 1500 ft HGT), considering the absence of the
fence. ‘

Fig,. 2.1.1 - Terrain of Sakon Nakhon Airport without a perimeter fence
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Fig. 2.1.2 -

ILS/LOC RWY 23 Partial Orhit 8 NM :40° CW, 2020ft AMSL / 1500ft HGT,

absence of the fence



22CASE1l

¢ Fig 2.2.1 shows the terrain at Sakon Nakhon Airport, taking into account the
~ presence of the perimeter fence. .

+ Fig. 2.2.2 presents the results of a flight inspection, showing clearance and
width with labels, conducted during the LOC partial orbit (8 NM +40° CW,
2030 &t AMSL, 1500 ft HGT), considering the existence of the fence.

Pig. 2.1.1 - Terrain at Sakon Nakhon Airport, showing the presence of the fence
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EXAMPLE 2: Glide Path at Chumphon Airport

1. Modelling Description

1.1 Glide Path System
 'Table 1.1.1 presents the relevant data on the ILS/GP RWY 24 system.

» Fig. 1.1.1 shows the Commissioning Angle and the Position of the
‘Threshold Point.

Fable 1.1.1 - ILS/GP System for Runvway 24 at Chumphon Airport

Fig. 1.1.1 - the Commissioned Angle and the Position of the Threshold Point,

< .
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1.2 Obstacle
The obstaele is a perimeter fence surrounding the airport.
» Fig. 1.2.1 shows the characteristics of the fence.

s Fig, 1.2.2 shows the fence line around the airport.
» Table 1.2.1 shows the position of the fence line.

Fig. 1.2.1 - Description of the Characteristics of the Fence

Table 1.2.1 - Position of the Fence Line



2. Flight Inspection Report
2.1 CASE1l

¢ Fig, 2.1.1 shows the terrain of Chumphon Airport in the absence of a
perimeter fence. '

» Fig. 2.1.2 presents the results of the Glide Slope Average Deviation Error
{pA] from a flight inspection conducted during the THR Approach
procedure, covering the range from 10 NM to Threshold, at 3020 ft
AMSL. and 3000 ft HGT, considering the absence of the perimeter fence.

Fig. 2.1.1 - Ferrain of Chumph Ajrport without a e fence



2468
2152

491588
fii B2

L] i o
m L . W E I W | N
'3 ¥
3 5
m S - ] m ....... . B S
]
J 4
o W
&
) I T 100 N SN TN W O ¢ m
4
i o

KO AS SRR S| GR o TaN

k)

-~

k!

LETETRILEL S )
i

I

e (B by

A5 L

g P g

4

L
a6
a8
&
i3
<3
il
it
-4
48
%
il
18
5
T
~26
<30
-4
ey

55 DvenisW LLE

Fig. 2.1.2 - ILS/GP RWY 24 THR APPROACH, FROM 10 NM to THR, 3020ft AMSL / 3000ft HGT, absence of the fence
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22CASEH

¢ Fig. 2.2.1 shows the terrain at Chumphon Airport, taking into account the
presence of the perimeter fence,

* Fig. 2.2.2 presents the results of the Glide Slope Average Deviation Error
{pA] from a flight inspection conducted during the THR Approach
procedure, covering the range from 10 NM to Threshold, at 3020 ft AMSL
and 3000 ft HGT, considering the existence of the fence.

Fig. 2.2.1 - Terrﬁin at Chumphon Airport, showing the presence of the fence.

Z o A

7



ke

h

A8
o RN

; : : :
o 2 b W A A A KA G 4t b5 o A 5 4 A B 08 £ 3 ; i +
: H r i : :
g i H : b :

bt R T
LALTOE St )

w§ ) . 1 ¥

@duaf ayy Jo aouasixa ‘19H 1000E / ISWY HOZOE “d4HL ©F WN Ol WOU4 ‘HIVO¥ddY HHL vZ AMY d9/STl - 222 'Bid

gy L



EXAMPLE 3: DVOR at Udon Thani International Airport

1. Modelling Description

1.1 DVOR System
« Table 1.1.1 presents the relevant data on the DVOR system.

Table 1.1.1 - BYOR system at Udon Thani International Airport



L2 Obstacle
The obstacles are water tanks constructed near the DVOR station.
& Fig. 121 presents the physical characteristics of the water tank.
» Table 1.2.1 shows the position of the water tank located near the
DVOR station.

Table 1.2.1 -~ Position of the Water
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2. Flight Inspection Report

2.1 CASE1L

¢ Figures 2.1.1 and 2.1.2 show the details and the location of Water Tank A
in relation to the DVOR station, including distance and orientation.

¢ Fig. 2.1.3 presents the results of the DVOR azimuth error (in degrees)
from a flight inspection condueted during the orbit procedure, covering 8
NM CCW at 3,000 ft AMSE and 2,382 ft HIGT, considering the existence
of Tank A,

Fig.2.1.1 - Water Tank A

Fig. 2.1.2 - The location of Water Tank A in relation fo the DVOR station,
including distance and orientation
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22CASEIl

o Figures 2.2.1 and 2.2.2 show the details and locations of Water Tanks A
and B in relation fo the DVOR station, including distances and
orientations.

» Fig, 2.2.3 presents the results of the DVOR azimuth error (in degrees)
from a flight inspection conducted during the orbit procedure, covering 8
NM CCW at 3,000 ft AMSL and 2,382 ft HGT, considering the existence
of Tanks A and B.

Fig. 221 -Water Tank a.

' Fig.2.2.2 - The locations of Water Tanks A and B in n to the
DVOR station, including distances and orientations
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Appendix B:

Technical Specifications for Notebook Computer (Laptop)



Minimum Technical Specifications
1. Central Processing Unit (CPU):

® The CPU shall have a minimum of 4 physical cores and 8 logical threads.

® The CPU shall include integrated cache memory of at least & MB, at the same cache level.

2. Main Memory (RAM):

®  The main memory (RAM) shall be DDR4 or newer, with a minirmum capocity of 8 GB.

3. Storage Drive:

The storage device shall be one of the following:
& A SATA hard disk drive (HDD) or better, with a minimum capacity of 1 TB; or

& A Solid-State Drive {SSD) with a minimum capacity of 250 GB.

4, Display Screen:’
® A display screen shall suppert a resolution of at least 1,366 x 768 pixels and have a screen size of not

less than 12 inches.

5. Interface Ports:
® At least three (3) USB ports {version 2.0 or higher).

® At least one (1) HDMI

6. Network Interface:

® Afleast one (1) network interface port supporting 10/100/1000 Base-T or better.

® The device shall support wireless connectivity of no less than Wi-Fi (IEEE 802.17 ax) and Bluetooth.

7. Additional Conditions:
® Al items must be brand-new, unused, and not refurbished.

®  The product must come with o minimurm 1-year warranty.



