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Foreword

As chairman of the Sub Working Group Mobile Survices, sub working group of the Vienna Agreement Technical Working Group Harmonised Calculation Method, I have the honor to present you the revision of the HCM-program and documentation which is in line with the Vienna Agreement 1999. Special provisions have been taken to be fully in line with the CEPT recommendations. The program and the documentation is developed by the Sub Working Group Mobile Services and its drafting group.

This Revision 5 of the HCM program covers calculation methods for :

· Vienna Agreement 1999

· ERMES

· GSM 900

· GSM 1800

· Emergency- and Security Services (band 380-385/390-395 MHz)

· Measurements

The program and its subroutines are written in standard FORTRAN-77.

In the documentation some pages are intentionally left blank to permit recto-verso printing. In the documentation you will find the flowcharts on the left page, the text on the right page.

As chairman of the SWG-MS I would like to thank all participants of the SWG-MS for their active support during the development of the new calculation method, the program and its documentation. I hope that this all this work give a new impuls to all administrations to end the transition period as described in the addendum of the Vienna Agreement 1999.

Kind regards,







Ivan Vander Beken







Chairman of the







Subworking Group Mobile Services







(VA 99 – TWG-HCM)
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GENERAL

This Harmonised Calculation Method for Mobile Service (HCM-MS) is part of the Vienna Agreement '99. In this document we use the abbreviation VA99 for the Vienna Agreement 1999. Also, the relevant CEPT Recommendations for services not noted in the VA99 are included in HCM-MS, as agreed by all Signatories.

General note:

In the description:


all angles are in degrees,


all heights are in meters,


all distances are in kilometres,

and


“Annex“ is the Annex of this HCM-MS documentation,

“Annex of the VA99“ is the Annex of the Vienna Agreement 99.

List of subroutines

The HCM-MS subroutine uses other subroutines, for example to calculate distance, clearance angle correction factor, ... The list of the other subroutines is:

· calculation of the predicted field strength

· calculation of the permissible interference field strength

· calculation of the maximum field strength on a line

· calculation of the gain of a directive antenna in a given direction

· calculation of the clearance angle correction factor

· calculation of the clearance angle and its correction factor according to the CEPT method

· calculation of the correction factor according to terrain irregularity

· calculation of the value of terrain irregularity

· calculation of the azimuth from one point to another point

· calculation of the distance between two points

· calculation of the effective antenna heights in a 10 degree step

· calculate the terrain irregularity (h according to the Vienna Method

· calculate the terrain irregularity (h according to the CEPT Recommendations

· calculate the field strength from curves

· determination of  the terrain profile between two points

· opening the (border) line-data

· reading height of given point from the terrain database

· select curves from ITU-R figures (one for land, one for sea) according to the frequency band, the time percentage and the sea temperature

Interface

HCM-MS subroutine will be run with input and output data, which are defined in an interface. This interface is described in Annex YY. 

Remarks:

When an error occurs, an error code is generated and the subroutine is terminated. A list of error codes and their description are given in Annex XX.
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Chapter 1: Subroutine Harmonised Calculation Method for Mobile Service

Description

This subroutine Harmonised Calculation Method for Mobile Service is the Harmonised Calculation Method itself. The HCM-MS subroutine performs calculation from a transmitting station to a receiving station or from a transmitting station to a co-ordination line.

Interface

All required data for the subroutine are included in the interface.

Check input values and prepare settings

This process is described in detail in Chapter 1.1.

Line Calculation?

This box represents decision whether a point to point or a point to line calculation is performed. 

Calculation of the field strength (FS_CAL)

This subroutine predicts the field strength and is described in detail in Chapter 2.

Calculation of the permissible interference field strength (P_FS_C)

This subroutine calculates the permissible field strength and is described in detail in Chapter 3.

Calculation of the maximum fieldstrength on a line (LINE_C)

This subroutine calculates the maximum field strength on a co-ordination line and is described in detail in Chapter 4.
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Chapter 1.1: Check Input Values and Prepare SETTINGS

Checking input values and preparing settings is for:


transmitting parameters,


receiving parameters, or data for line selection,


conditional calculation parameters including the permissible field strength,


additional information.

Check input values

All output values are set to zero. Input values (transmitting parameters, receiving parameters or data for line selection and additional information) are mandatory and have to be provided by the surrounding program. The list of input values is described in the following table:

Data element:
Column
Tx or Rx
Name
Format

Geographical co-ordinates of Tx
4C
Tx
COOTX
CHARACTER*15

Geographical co-ordinates of Rx
4C
Rx
COORX
CHARACTER*15

Height above sea level of Tx
4Z
Tx
HTI
CHARACTER*4

Height above sea level of Rx
4Z
Rx
HRI
CHARACTER*4

Type of antenna horizontal
9XH
Tx
TANTH
CHARACTER*7

Type of antenna vertical
9XV
Tx
TANTV
CHARACTER*7

Azimuth of maximum radiation
9A
Tx
AZITI
CHARACTER*5

Elevation angle of main radiation
9B
Tx
ELETI
CHARACTER*5

Antenna height transmitter
9Y
Tx
HATI
CHARACTER*4

Antenna height receiver
9Y
Rx
HARI
CHARACTER*4

Type of antenna (E or I)
8B2
Tx
TYOFAN
CHARACTER*1

Maximum radiated power
8B1
Tx
MAXPOW
CHARACTER*6

Transmitting frequency
1A
Tx
TFAFRE
CHARACTER*12

Channel occupation [0,1]
10Z
Tx
CHANOC
CHARACTER*1

Cold or warm sea [C,W]


SEATEM
CHARACTER*1

Radius of the service area of Tx
4D
Tx
RSERVT
CHARACTER*5

Radius of the service area of Rx
4D
Rx
RSERVR
CHARACTER*5

Distance over sea [km]


DSEA
CHARACTER*5

format: ”123.4” or blank

Reception frequency
1Y
Rx
RECFRE
CHARACTER*12

Designation of emission
7A
Rx
DEMRX
CHARACTER*9

Designation of emission
7A
Tx
DEMTX
CHARACTER*9

Type of antenna: horizontal
9XH
Rx
TANTHR
CHARACTER*7

Type of antenna: vertical
9XV
Rx
TANTVR
CHARACTER*7

Azimuth of maximum radiation
9A
Rx
AZIRI
CHARACTER*5

Elevation angle of main radiation
9B
Rx
ELERI
CHARACTER*5

Type of antenna (E or I)
8B2
Rx
TYOFAR
CHARACTER*1

Gain of Rx-antenna
9G
Rx
GAINAN
CHARACTER*4

Depolarization loss

(0 or positive value!)


DP
CHARACTER*4

format: "99.9"

Permissible field strength (input)


EPINP
CHARACTER*5

format: "999.9" or blank

Correction factor according frequency difference (input)


COFFDI
CHARACTER*2

format: "99"

Switch off Deygout method

(if .true. => only ITU-R; default = .false.)


OFFDEY
LOGICAL

Mode of calculation


CMODE
INTEGER

Land to calculate to (Preface of IFL)


LANDTO
CHARACTER*3

Land to calculate from (Preface of IFL)


LANDFR
CHARACTER*3

Distance to borderline

(negative - Cross border range

0 – Border line calculation

positive - Calculation on x-km line)


BORDIS
INTEGER

Input value of ”Maximum cross border range of harmful interference” [km]


MARAIN
CHARACTER*3

format: ”100” or blank

All input values (depending on the calculation mode) are read, checked and converted if necessary (Tx frequency, Tx antenna height, Tx co-ordinates, Rx frequency, Rx antenna height, Rx co-ordinates).

Height of the transmitter above sea level:

This process determines the height of the transmitter site above sea level, which will be used for further calculations.

GETFIG: Select appropriate ITU-R curves (one for land, one for sea) according to the frequency band, the time percentage and the sea temperature

This subroutine selects two sets of field strength curves for calculation, according to the frequency band, the time percentage and the sea temperature. The selection is made according to Annex 4 of VA. The output of this subroutine contains two sets of curves: one for land and one for sea propagation, and their name.

Note: for mobile services HCM decides to expand the curves down to 1km. 

POINTH: Read height of a given point from the terrain database (Tx) 

This process uses the POINTH subroutine to select the heights of the transmitter site from the terrain database. This subroutine is described in detail in Chapter 5.

Is there an input value for Tx height

If no input value for Tx height is given, the value of the terrain data is taken into account.

Compare height of input with terrain data

This process compares the input height value and the height in terrain data.

Is the difference 1 m or less than 10 %

If the difference between the input value and the terrain data value is less than 10 % or equal 1 m, an info code is generated (info 2), otherwise a different info code is generated (info 14).

Use terrain data

The value of height element in the terrain data is used

Use input data

The input value of height is used.

Cmode = -7, -1, 0, 7 or 8?

If Cmode is equal to -7, -1, 0, 7 or 8 the field strength is calculated according the Vienna Agreement and the “Vienna” value is set to true; for all other Cmodes, the calculation is performed according to the relevant CEPT recommendation and the “Vienna” value is set to false. 

Conditional calculation parameters:

The maximum cross border range and the e.r.p. of reference transmitter are set according to Annex 1 of the VA93.

The permissible field strength, the applied T% and the applied h2 are set according to table 1.1. If there are input values for permissible field strength or maximum cross border range, the previous settings are superseded.

Table of calculation parameters

Cmode
Calculation methods


Type of calculation
Minimum

field

strength

[dB(V/m]
Permissible

field

strength

[dB(V/m]
Applied

T%
Applied

h2

+8
Vienna
Emergency and security services (380 to 400 MHz)

Table
1
Noc

+7
Vienna
Normal VA93 (measurement)

Table
50
Noc

+6
CEPT
DCS1800 - DCS1800 (ML)
42
33
10
Noc

+5
CEPT
DCS1800 - DCS1800 (BS)
38
29
10
Noc

+4
CEPT
ERMES – ERMES
52
32
10
3

+3
CEPT
GSM – NMT
32
23 / 22
10
Noc

+2
CEPT
GSM – TACS
32
23 / 21
10
Noc

+1
CEPT
GSM – GSM
32
23
10
Noc

0
Vienna
Normal VA93

Table
1 or 10 *
Noc

-1
Vienna
(border) line normal VA93

Table
1 or 10 *
10

-2
CEPT
(border) line GSM

19
10
3

-3
CEPT
(border) line ERMES

12
10
3

-4
CEPT
(border) line ERMES

32
10
3

-5
CEPT
(border) line ERMES
52

50
3

-6
CEPT
(border) line DCS1800

25
10
3

-7
Vienna
(border) line Emergency and security services (380 to 400 MHz)

Table
1
3

Table 1.1

Noc = no change

* = 1 is for continuous channel occupation and 10 is for non-continuous channel occupation

Table = Table of Annex 1 of the VA93
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Chapter 2: CALCULATION OF THE FIELD STRENGTH (FS_CAL)

Description

This subroutine calculates the field strength, created by a transmitter at

- a given receiver or

- a given point (for calculation on a line)

taking into account the topographical data on the calculation path.

This calculation is made according to Annex 5 of the VA99 and based on the following three methods:

- free space

- Deygout method (Appendix 1 to Annex 5 of the VA99)

- ITU-R method (Annex 5 of the VA99)

taking into account all the correction factors mentioned in Annex 5 of the VA99.

DISTAN: Calculation of the distance between two points (Tx, Receiving point)

This subroutine calculates the distance (d) between Tx and Rx or between Tx and a co-ordination line point if line calculation is performed. DISTAN is described in detail in Chapter 5.

If the distance is greater than 1000 km or equal to zero, the HCM-MS subroutine terminates with an error code.

Line calculation

This decision has to be taken because this subroutine is also used in other places (LINE_C).

If the coordination line calculation is performed, then the height of Rx above sea level is not used and only the ITU-R-method will be used (“Switch off Deygout” is set to “Yes”).

Height of receiver above sea level

This process determines the height of the receiver site above sea level which will be used for further calculations. This process is described in detail in Chapter 2.1.

Calculation of free space field strength

The calculation of the free space field strength is performed at this stage of the procedure due to the fact that in further steps this value is needed for comparison or calculations. This process is described in detail in Chapter 2.2.

Distance < 1 km

When the distance is less than 1 km, it is impossible to determine a correct terrain profile. In that case only the calculated free space field strength is used.

PROFIL: Getting the terrain profile between two points (Tx, Receiving point)

This subroutine gets the terrain profile between Tx and Rx or Tx and a co-ordination line point if line calculation is performed. PROFIL is described in detail in Chapter 5. 
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Calculation of the 1st order Fresnel zone

This process calculates the difference between the first order Fresnel zone and the terrain height. This process is described in detail in chapter 2.3

1st order Fresnel zone is free

If the first order Fresnel zone is free, the calculated free space field strength is used.

Calculated field strength = free space field strength

If distance is less than 1 km or if the first Fresnel zone is free the calculated field strength is equal to the free space field strength. 

Switch off Deygout

This gives the possibility to switch off the calculation of the field strength according to the Deygout-method and to calculate only with the ITU-R-method.

By default, this switch has to be set by surrounding program to NO.

Calculation of the field strength according to the Deygout method

The calculation of the field strength according to the Deygout-method is based on Appendix 1 to Annex 5 of the VA93. This process is described in detail in Chapter 2.4.

Deygout allowed

If there are not more than two obstacles on the calculation path, the Deygout-method is used. Otherwise, the ITU-R method is used.

Calculation of the field strength according to the ITU-R method

The calculation of the field strength according to the ITU-R method is based on Annex 5 of the VA93. This process is described in detail in Chapter 2.5.

Calculated field strength

The output of the subroutine FS_CAL gives the calculated field strength (Free space, Deygout method or ITU-R method). 
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Chapter 2.1: Height of Rx above sea level 

POINTH : Read height of a given point from the terrain database (Rx)

This process uses the POINTH subroutine to select the heights of the receiver site from the terrain database. This subroutine is described in detail in Chapter 5.

Is there an input value for Rx height

If no input value for the Rx height is given, the value of the terrain data is taken into account.

Compare height of input with terrain data

This process compares the input height value and the height in terrain data.

Is the difference 1 m or less than 10 %

If the difference between the input value and the terrain data value is less than 10 % or equal 1 m, an info code is generated (info 4), otherwise a different info code is generated (info 15).

Use terrain data

The value of the height element in the terrain data is used

Use input data

The input value of the height is used.
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Chapter 2.2: Calculation of the free space field strength

Description

This process calculates the free space field strength, which will be used in other processes or subroutines. 

Line calculation

If line calculation is performed the vertical angle is set to zero; therefore it is not necessary to calculate the vertical angle.

Calculation of the vertical angle

This process calculates the vertical angle between the antenna heights of point A (Tx) and point B (Rx).
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The vertical angle is calculated by the following formula:  Vertical 
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(hA and hB are in meters and d is in kilometers).

The vertical angle pointing towards the ground is negative (see column 9B of Annex 2 of the VA93)

DIRECT: Calculation of the azimuth from one point to another point

DIRECT calculates the azimuth between Tx and the receiving point. This subroutine is described in detail in Chapter 5.

Calculation of the vertical antenna correction factor

This process calculates the vertical antenna correction factor C2 and is described in detail in Chapter 2.2.1. 

In case of non-directional antenna, no calculation is needed and C2 is set to zero.
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Calculation of the horizontal antenna correction factor

This process calculates the horizontal antenna correction factor C1 and is described in detail in Chapter 2.2.2. 

In case of non directional antenna, no calculation is needed and C1 is set to zero.

Calculation of the total antenna loss 

This process calculates the correction factor 
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 (vectorial sum) and it will be limited to a maximum of 40 dB.

Determination of the correction factor for the reference antenna 

The correction for the type of reference antenna (C3) will be 2.1 dB in case of an isotropic antenna (I) and zero in case of an 1/2 (  antenna (E).

Calculation of the power in the direction of Rx

This process calculates the e.r.p. (PR) in the direction of the receiver or a given point with an antenna height using the following formula:
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 (Perp = maximum radiated power (Column 8B1))

Calculation of the free space field strength (FS)

This process calculates the free space field strength according to the following formula:
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Chapter 2.2.1: Calculation of the vertical antenna correction factor

Type of antenna vertical: non-directional?

The decision has to be taken in order to separate between non-directional and directional cases. 

Set the vertical antenna correction to 0

If the vertical antenna is non directional, the vertical antenna correction factor is set to zero.

Calculation of the difference between elevation and vertical angle

If the type of antenna “vertical” is directional, the process calculates the difference between the elevation angle of TX and the calculated vertical angle.

delta = elevation – vertical angle

If delta is negative, 360 ° must be added to it.
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This subroutine calculates the loss in the vertical plane of the gain of a directive antenna in a given direction. ANTENN is described in detail in Chapter 5. 
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[image: image104.wmf]Calculation of the field strength

according to the ITU-R method

 (chp. 2.5)

Start

Determination of the clearance angle

and its correction factor (chp. 2.5.1)

Calculation of the distance over sea

(chp. 2.5.3)

Calculation of the terrain irregularity

and its correction factor

(chp. 2.5.4)

Calculation of the field strength

including mixed path propagation

(chp. 2.5.5)

Applying correction factors

 (chp. 2.5.6)

End

Determination of the effective

antenna height (chp. 2.5.2)


Chapter 2.2.2: Calculation of the horizontal antenna correction factor 

Type of antenna horizontal: non-directional?

The decision has to be taken in order to separate between non-directional and directional cases. 

Set the horizontal antenna correction to 0

If the horizontal antenna is non directional, the horizontal antenna correction factor is set to zero.

Calculation of the difference between azimuth and horizontal angle

If the type of antenna “horizontal” is directional, the process calculates the difference between the azimuth of the main-lobe  (az) and the calculated horizontal angle (DIR). The horizontal angle is calculated in the DIRECT subroutine.

This difference (delta) is used for calculating the antenna correction factor in the subroutine ANTENN.

delta = horizontal angle - azimuth

If delta is negative, 360 ° must be added to it.
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Horizontal antenna correction is equal to calculated loss 

The horizontal antenna correction factor is equal to calculated loss.
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Chapter 2.3: Comparison between 1st order Fresnel zone and terrain

Description

This process compares the 1st order Fresnel zone and the terrain to determine if the 1st order Fresnel zone is free.

Calculation of the curvature of the Earth and adding it to terrain height

This process calculates the curvature of the Earth (h0), using the following formula:
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Where
 
h0(Z) is the curvature of the Earth,



G is the grid size in km,



Z is the counter of height element and



d is the distance in km

and adds this value to each height h(Z) of the height element, resulting in the modified height :  
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Addition of morphologic height

This process adds 10 meters to each height of height element except the first and last km of the distance. 

Calculation of the clearance height below the line of sight

This process calculates the clearance height below the line of sight, using the following formula:
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Where
 hC(Z) is the clearance height below line of sight,



ht is the height of transmitter antenna above sea-level,



hr is the height of receiver antenna above sea-level



G is the grid size in km,



Z is the counter of height element,



d is the distance in km and



h(Z) is the height of the height element in m.
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Calculation of all radii of the 1st order Fresnel zone

This process calculates the radius of the 1st order Fresnel for each terrain element, using the following formula:
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Where
r0(Z) is the radius of the first order Fresnel zone,



G is the grid size in km,



Z is the counter of height element,



d is the distance in km and



f is the frequency in MHz

Calculation of differences between Fresnel zone and clearance height

This process calculates the difference between hd(Z) clearance height and radius of 1st order Fresnel zone for each terrain element, using the formula:
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Where
hc(Z) is the clearance height below the line of sight,



r0(Z) is the radius of the first order Fresnel zone and


Z is the counter of height element  
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Chapter 2.4: Calculation of the field strength according to the Deygout method

Description

This process calculates the field strength according to the Deygout method.

Determination of the main obstacle M1

The position of this obstacle is determined by calculating the following formula for each height element of terrain data (Z):
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(Hz, m)

This formula converted for each height element of terrain data in appropriate units (MHz, km) will be:
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Where
hC(Z) is the clearance height below line of sight,



G is the grid size in km,



Z is the counter of height element,



d is the distance in km and



f is the frequency in MHz

When the maximum of V(Z) is calculated (VM1) the main obstacle M1 is found. This terrain element height is ZM1.  

Calculation of the two new Fresnel zones (Tx – M1 ; M1 – Rx)

First this process calculates the clearance height below the line of sight between Tx and M1, using the following formula:
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Where
hC(Z) is the clearance height below line of sight,



hT is the height of transmitter antenna above sea-level,



hM1 is the height of first obstacle above sea-level,



hR is the height of receiver antenna above sea-level,



G is the grid size in km,



Z is the counter of height element,



ZM1 is the counter of the M1 heigth element,



d is the distance between Tx and Rx  and



h(Z) is the height of the height element in m.
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and calculates the radius of the 1st Fresnel for each terrain element between Tx and M1, using the following formula:
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Where
ra(Z) is the radius of the first Fresnel zone,



G is the grid size in km,



Z is the counter of height element and



f is the frequency in MHz

Then this process calculates the clearance height below the line of sight between M1 and Rx, using the following formula:
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Where
 hC(Z) is the clearance height below line of sight,



hT is the height of transmitter antenna above sea-level,



hM1 is the height of receiver antenna above sea-level



G is the grid size in km,



Z is the counter of height element and



h(Z) is the height of the height element in m.

and calculates the radius of the 1st Fresnel for each terrain element between M1 and Rx, using the following formula:
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Where
ra(Z) is the radius of the first Fresnel zone,



G is the grid size in km,



ZM1 is the counter of the M1 heigth element,



Z is the counter of height element,



d is the distance between Tx and Rx and



f is the frequency in MHz

and the process calculates the difference between hd(Z) clearance height and radius of 1st Fresnel zone for each terrain element between the first to 
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Where
hc(Z) is the clearance height below the line of sight,




G is the grid size in km,



ZM1 is the counter of the M1 height element,



ra(Z) is the radius of the first Fresnel zone between Tx and M1 and




Z is the counter of height element  
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This process calculates the difference between hd(Z) clearance height and radius of 1st Fresnel zone for each terrain element between 
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 and the last one , using the formula:
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Where
hc(Z) is the clearance height below the line of sight,




G is the grid size in km,




ZM1 is the counter of the M1 heigth element,




rb(Z) is the radius of the first Fresnel zone between M1 and Rx and




Z is the counter of height element  

Both Fresnel zone are free

This decision has to be taken to determine if there is one or more obstacles between Tx and Rx.

Calculation of the field strength for one obstacle

This process calculates the field strength for one obstacle. First this process calculates the diffraction loss du to the obstacle, using the following formula:
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Where
AM is the diffraction loss of the obstacle and




VM1 is the greatest height.

If VM1 is less than – 1, this value is set to – 1 and if AM is greater than 40 dB, this value is set to 40 dB.

As a next step, the vertical angle of the transmitting antenna to the obstacle and to the receiving antenna is calculated in relation to the horizontal plane, using the following formulas:
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Where
PVM1 is the vertical angle between Tx and M1,




hM1is the height of the obstacle above sea level,




hT is the height of Tx above sea level,




a is the distance between Tx and M1 in m,




PVE0 is the vertical angle between Tx and Rx,




hR is the height of Rx above sea level and




d is the distance between Tx and Rx .

The maximum of the two angles is used to calculate the new vertical antenna correction factor C2. This correction factor is calculated by using the ANTENN subroutine described in Chapter 5.

Then the process calculates the field strength according the new correction factor and the diffraction loss using the following formulas:

 The new correction factor for the horizontal and vertical antenna type is  
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The field strength is 
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Where
Perp is the maximum radiated power,




C is the correction factor for the horizontal and vertical antenna type,




C3 is the correction factor for the type of antenna,




a is the distance between Tx and M1 in m,




AM is the diffraction loss and



d is the distance between Tx and Rx .

Path between Tx and M1 is free

This decision has to be taken to determine if there is an obstacle between Tx and M1.

Determination of the second obstacle M2 between M1 and Rx

This process determines the second obstacle M2 between M1 and Rx. The position of this obstacle is determined by calculating the following formula for each height element of terrain data (Z) between 
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Where
hC(Z) is the clearance height below line of sight,



G is the grid size in km,



Z is the counter of height element,



ZM1 is the counter of the M1 height element,



d is the distance in km and



f is the frequency in MHz

When the maximum of V(Z) is calculated (VM2) the second obstacle M2 is found. This terrain element height is ZM2.  

Calculation of the two new Fresnel zone (Tx – M2; M2 – M1)

Description

This process calculates the two new Fresnel zones between Tx and M2 and between M2 and M1.

Calculation of the curvature of the Earth and adding it to terrain height

This process calculates the curvature of the Earth (h0) from Tx to M1, using the following formulas:
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for Z = 1 to ZM1
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Where
 
h0(Z) is the curvature of the Earth between Tx and M1,




G is the grid size in km,




Z is the counter of height element,




a is the distance between Tx and M2 in km and




b is the distance between M1 and M2.

and adds this value to each height h(Z) of the height element, resulting in the modified height :  
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Addition of morphologic height

This process adds 10 meters to each height of height element except the first and last km of the distance. 

Calculation of the clearance height below the line of sight

This process calculates the clearance height below the line of sight between Tx and M1, using the following formulas:
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for Z = 1 to ZM1
Where

hC(Z) is the clearance height below line of sight,



ht is the height of transmitter antenna above sea-level,



hM1 is the height of the main obstacle above sea-level



G is the grid size in km,



Z is the counter of height element,



a is the distance between Tx and M2 in km



b is the distance between M2 and M1 and



h(Z) is the height of the height element in m.
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Calculation of all radii of the 1st Fresnel zone

This process calculates the radius of the 1st Fresnel for each terrain element from 1 to ZM1, using the following formula:
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Where
r0(Z) is the radius of the first Fresnel zone,



G is the grid size in km,



Z is the counter of height element,



a is the distance between Tx and M2 in km



b is the distance between M2 and M1 and



f is the frequency in MHz

Calculation of differences between Fresnel zone and clearance height

This process calculates the difference between hd(Z) clearance height and radius of 1st Fresnel zone for each terrain element from 1 to ZM1, using the formula:
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Where
hc(Z) is the clearance height below the line of sight,



r0(Z) is the radius of the first Fresnel zone and




Z is the counter of height element  

Both path’s between Tx - M2 and M1 - M2 are free 

This decision has to be taken to determine if there is only two obstacles between Tx and Rx. If there is more than two obstacles, ITU-R method is used.

Calculation of the field strength for two obstacles

This process calculates the field strength for two obstacles. First this process calculates the diffraction loss du to the first obstacle, using the following formula:
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Where
AM is the diffraction loss of the first obstacle and




VM1 is the greatest height.

If VM1 is less than – 1, this value is set to – 1 and if AM is greater than 40 dB, this value is set to 40 dB.

Then the process calculates the diffraction loss for the second obstacle, using the following formula:
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Where
AMS is the diffraction loss of the second obstacle and




VM2 is the greatest height of the second obstacle.

If VM2 is less than – 1, this value is set to – 1 and if AMS is greater than 40 dB, this value is set to 40 dB.
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As a next step, the vertical angle of the transmitting antenna to the two obstacles and to the receiving antenna is calculated in relation to the horizontal plane, using the following formulas:
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and     
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Where
PVM1 is the vertical angle between Tx and M1,




PVM2 is the vertical angle between Tx and M2,




hM1is the height of the first obstacle above sea level,




hM2is the height of the second obstacle above sea level,




hT is the height of Tx above sea level,




a is the distance between Tx and M1 in m,




b is the distance between M2 and M1 in m,




PVE0 is the vertical angle between Tx and Rx,




hR is the height of Rx above sea level and




d is the distance between Tx and Rx .

The maximum of the three angles is used to calculate the new vertical antenna correction factor C2. This correction factor is calculated by using the ANTENN subroutine described in Chapter 5.

Then the process calculates the field strength according the new correction factor and the diffraction losses using the following formulas:

 The new correction factor for the horizontal and vertical antenna type is 
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Where
Perp is the maximum radiated power,




C is the correction factor for the horizontal and vertical antenna Type,




C3 is the correction factor for the type of antenna,




a is the distance between Tx and M1 in m,




AM is the diffraction loss for the first obstacle




AMS is the diffraction loss for the second obstacle and




d is the distance between Tx and Rx .

Path between M1 and Rx is free

This decision has to be taken to determine if there is only two obstacles between Tx and Rx. If there is more than two obstacles, ITU-R method is used.
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Determination of the second obstacle M2 between Tx and M1

This process determines the second obstacle M2 between Tx and M1. The position of this obstacle is determined by calculating the following formula for each height element of terrain data (Z) between the first to 
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Where
hC(Z) is the clearance height below line of sight,



G is the grid size in km,



Z is the counter of height element,



ZM1 is the counter of the M1 heigth element,



d is the distance in km and



f is the frequency in MHz

When the maximum of V(Z) is calculated the second obstacle M2 is found. This terrain element height is ZM2.  

Calculation of the two new Fresnel zone (M1 – M2; M2 – Rx)

Description

This process calculates the two new Fresnel zones between M1 and M2 and between M2 and Rx.

Calculation of the curvature of the Earth and adding it to terrain height

This process calculates the curvature of the Earth (h0) from Rx to M2, using the following formulas:


[image: image51.wmf]17

)

*

)

((

*

*

)

(

0

Z

G

c

b

Z

G

Z

h

-

+

=


for Z = ZM1 to ZMax
Where
 
h0(Z) is the curvature of the Earth between Rx and M1,




G is the grid size in km,




Z is the counter of height element,




b is the distance between M1 and M2 in km and




c is the distance between M2 and Rx.

and adds this value to each height h(Z) of the height element, resulting in the modified height :  
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Addition of morphologic height

This process adds 10 meters to each height of height element except the first and last km of the distance. 

Calculation of the clearance height below the line of sight

This process calculates the clearance height below the line of sight between Rx and M1, using the following formulas:
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for Z = ZM1 to ZMax

Where 
hC(Z) is the clearance height below line of sight,


hr is the height of receiver antenna above sea-level,


hM1 is the height of the main obstacle above sea-level


G is the grid size in km,


Z is the counter of height element,


b is the distance between M1 and M2 in km


c is the distance between M2 and Rx and


h(Z) is the height of the height element in m.
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Calculation of all radii of the 1st Fresnel zone

This process calculates the radius of the 1st Fresnel for each terrain element from ZM1 to ZMax using the following formula:
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for Z = ZM1 to ZMax

Where
r0(Z) is the radius of the first Fresnel zone,



G is the grid size in km,



Z is the counter of height element,



b is the distance between M1 and M2 in km



c is the distance between M2 and Rx and



f is the frequency in MHz

Calculation of differences between Fresnel zone and clearance height

This process calculates the difference between hd(Z) clearance height and radius of 1st Fresnel zone for each terrain element from ZM1 to ZMax, using the formula:
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Where
hc(Z) is the clearance height below the line of sight,




r0(Z) is the radius of the first Fresnel zone and




Z is the counter of height element  

Both path’s between M1 - M2 and M2 - Rx are free

This decision has to be taken to determine if there is only two obstacles between Tx and Rx. If there is more than two obstacles, ITU-R method is used.
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Chapter 2.5: Calculation of the field strength according to the ITU-R method

Description

This subroutine calculates the field strength according to the ITU-R method.

Determination of the clearance angle and its correction factor

This process determines the clearance angle of Tx and Rx, and its correction factors by calculating or setting these values if necessary. This is described in detail in chapter 2.5.1.

Determination of the effective antenna height

This process determines the Tx and Rx effective antenna height by calculating or setting these values if necessary. h1 is determined using the table in Chapter 3 of Annex 5 of the VA99. This is described in detail in chapter 2.5.2.

Calculation of the distance over sea

This process is described in detail in Chapter 2.5.3.

Calculation of the terrain irregularity and its correction factor

This process calculates terrain irregularity according to Chapter 3.3 or Appendix 5 of Annex 5 of the VA99, as described in detail in Chapter 5.

Calculation of the field strength including mixed path propagation

This process calculates the field strength including mixed path propagation as described in detail in Chapter 2.5.5.

Applying correction factors

This process calculates the field strength applying correction factors according to the frequency range, the receiver antenna height h2 and power used as described in Chapter 2.5.6.
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Chapter 2.5.1: Determination of the clearance angle and its correction factor

Is Tx a fixed station and Vienna = true?

If the transmitter is a fixed station and Vienna method is used the transmitter clearance angle and its correction factor are calculated. In all other cases, Tx clearance angle and its correction factor are not applied and are set to 0.

Tx clearance angle and its correction factor are set to 0

The Tx clearance angle and its correction factor are set to zero.

Calculation of the Tx clearance angle according to Annex 5 of the VA99

This process calculates the Tx clearance angle according to Annex 5 of the VA 99 and is described in detail in Chapter 2.5.1.1.

Tx clearance angle > 0

If the Tx clearance angle is negative, the Tx clearance angle correction factor is calculated according to the Vienna method. If the Tx clearance angle is greater or equal zero the correction factor is set to 0.

CLEARC: Calculation of the clearance angle correction factor 

This subroutine calculates the clearance angle correction factor and is described in Chapter 5.

Tx clearance angle correction factor is set to 0

The Tx clearance angle correction factor is set to zero.

Is Rx a fixed station and Cmode > 0?

If the receiver is a fixed station and point to point calculation are performed (Cmode > 0), the receiver clearance angle and its correction factor are calculated. In all other cases, the Rx clearance angle and its correction factor are not applied and are set to 0.

Rx clearance angle and its correction factor are set to 0

The Rx clearance angle and its correction factor are set to zero.

Vienna?

If the Vienna method is used the Rx clearance angle and its correction factor are calculated according to chapter 3.1 and Appendix 4 of Annex 5 of the VA99. In other case, the Rx clearance angle and its correction factor are calculated according to the CEPT method (Appendix 5 of Annex 5 of the VA99).
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CLACOF: Calculation of the clearance angle and its correction factor according to the CEPT method

This subroutine calculates the clearance angle and its correction factor according to the CEPT and is described in Chapter 5.

Calculation of the Rx clearance angle according to Annex 5 of the VA99

This process calculates the Rx clearance angle according to Chapter 3.2 or Appendix 5 of Annex 5 of the VA99 and is described in detail in Chapter 2.5.1.2.

Rx clearance angle > 0

If the Rx clearance angle is negative, the Rx clearance angle correction factor is calculated according to the Vienna method. In all other cases, the Rx clearance angle correction factor is set to 0.

CLEARC: Calculation of the clearance angle correction factor 

This subroutine calculates the clearance angle correction factor and is described in Chapter 5.

Rx clearance angle correction factor is set to 0

The Rx clearance angle correction factor is set to zero.
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Chapter 2.5.1.1 Calculation of Tx clearance angle according to Annex 5 of the VA99

Calculation of Tx clearance angle

For the determination of the Tx clearance angle, the distance from the transmitter up to 16 km is taken into account. If the distance between the transmitter and the receiver is less than 16 km, only the real distance is taken into account.

The clearance angle is calculated for all profile points, and the minimum value is chosen.
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hx   = height of profile point in meter

hTx   = height of the transmitter site + the height of the transmitter antenna in meter

dx = distance between the profile point and the transmitter in km.
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Chapter 2.5.1.2 Calculation of Rx clearance angle according to Annex 5 of the VA99

Calculation of Rx clearance angle

For the determination of the Rx clearance angle, the distance from the receiver 16 km back in the direction of the transmitter is taken into account. If the distance between the transmitter and the receiver is less than 16 km, only the real distance is taken into account.

The clearance angle is calculated for all profile points, and the minimum value is chosen.


[image: image59.wmf])

1000

*

tan(

_

x

Rx

x

d

h

h

Arc

angle

clearance

-

-

=


hx   = height of profile point in meter

hRx   = height of the receiver site + the height of the receiver antenna in meter

dx = distance between the profile point and the receiver in km.
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Chapter 2.5.2: Determination of the effective antenna height

Is Tx a mobile station?

If the transmitter is a mobile station, the effective antenna height of Tx is set to 3 m. If the transmitter is a fixed station and the Tx clearance angle is greater or equal to zero, the effective antenna height is calculated as described in detail in Chapter 2.5.2.1.

Note: In case of non Vienna calculation the Tx clearance angle is set to zero, and therefore the effective antenna height of the transmitter is calculated. 

Vienna or Cmode ( 0?


If Vienna method is used and Cmode equal or greater than zero (no border line calculation) the effective antenna height of Rx is calculated or set. In the other cases, h1 is the effective antenna height of Tx. 

Is Rx a mobile station?

If the receiver is a mobile station, the effective antenna height of Rx is set to 3 m. If the receiver is a fixed station and the Rx clearance angle is greater or equal to zero, the effective antenna height is calculated as described in detail in Chapter 2.5.2.2.

Set h1 according to paragraph 3 of Annex 5 of the VA99


The value of h1is set according to the table in paragraph 3 of Annex 5 of the VA99.
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Chapter 2.5.2.1: Calculation of the effective height Tx

Is distance between Tx and Rx greater than 15 km?

If the distance between Tx and Rx is greater than 15 km d1 is set to 1 km and d2 is set to 15 km. For shorter distances d2 is set to real distance.

Build the sum of all profile heights from d1 to d2

This process sums the height of all profile heights from d1 to d2.

Calculate average height above sea level hm

This process calculates the average height above sea level hm using the following formula:
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Get height of Tx site hTx 

This process gets the Tx height above sea level (hTx) as described in Chapter 1.1.

Calculating effective antenna height for Tx

This process calculates the Tx effective antenna height using the following formula:


heff = hTx + Height of Tx antenna – hm


Where
heff is the effective antenna height for Tx



hTx is the height above sea level of the Tx


hm is the average antenna height from d1 to d2

If the Tx effective antenna height is negative, the Tx effective antenna height is set to 0.
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Chapter 2.5.2.2: Calculation of the effective height Rx

Is distance between Tx and Rx greater than 15 km?

If the distance d between Tx and Rx is greater than 15 km d1 is set to d – 1 km and d2 is set to d – 15 km. For shorter distances d2 is set to 0 km.

Build the sum of all profile heights from d1 to d2

This process sums the height of all profile heights from d1 to d2.

Calculate average height above sea level hm

This process calculates the average height above sea level hm using the following formula:
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This process gets Rx height above sea level (hRx) as described in Chapter 2.1.

Calculating the effective antenna height for Rx

This process calculates the Rx effective antenna height using the following formula:

heff = hRx + Height of Rx antenna – hm


Where
heff is the effective antenna height for Rx



hRx is the height above sea level of the Rx


hm is the average antenna height from d1 to d2
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Chapter 2.5.3: The calculation of distance over sea

Input value for distance over sea?

If an input value for the distance over sea is available this value is taken into account. If not the distance over sea is calculated.

Distance between Tx and Rx is greater than 10 km?

If distance between Tx and Rx is less than or equal to 10 km, distance over sea value is set to 0. If not the distance over sea is calculated.

Check all profile height if there are 0 m.

This process checks all profile height if there are 0 m.

Add all parts of at least 3 km continuous 0 m height

This process adds all parts of at least 3 km continuous 0 m height, and the resulting value is considered to be distance over sea.

Distance over sea is greater than 10 km?

If distance over sea is less than 10 km, the distance over sea value is set to 0. 

Distance over sea is greater than distance

If distance over sea is greater than distance, distance over sea value is set to distance. The info value is set to 16.
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Chapter 2.5.4: Calculation of the terrain irregularity and its correction factor

Is distance > 10 km and distance over sea < distance?


If the distance between Tx and Rx is greater than 10 km and if the distance over sea is less than the real distance, (h is calculated. In the other cases (h is set to 50 m (k(h is equal to 0).

Vienna?


If Vienna method is used, the terrain irregularity is calculated according to the Chapter 3.3 of Annex 5 of the VA99. If CEPT method is used, the terrain irregularity is calculated according to Appendix 5 of Annex 5.

DH_VIE: Calculate (h according to the Vienna method

This subroutine calculates the terrain irregularity (h according to the Chapter 3.3 of Annex 5 of VA99 and is described in Chapter 5.

DH_ITU: Calculate (h according to the CEPT recommendations

This subroutine calculates the terrain irregularity (h according to the Appendix 5 of Annex 5 of VA99 and is described in Chapter 5.

C_DH_C: Calculate the correction factor k(h

This subroutine calculates the terrain irregularity correction factor and is described in Chapter 5.
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Chapter 2.5.5: Calculation of the field strength including mixed path propagation

Select the correct ITU-R figures (land and sea) (GETFIG)


This subroutine selects the correct ITU-R figures and is described in detail in chapter 5.

h1 < 37.5 m or h1 > 1200 m


If the value of h1 is outside the range 37.5 m to 1200 m the field strength is calculated according to Appendix 5 of Annex 5 of the VA99.

Calculate Eland (h1 outside range 37.5 m – 1200 m)


This process calculates the field strength for the land path when h1 is outside the range 37.5 m to 1200 m and is described in Chapter 2.5.5.1.

GET_E: Calculate the field strength from curves

This subroutine calculates the field strength from curves as described in Chapter 5. The output field strength is for 1 kW ERP.

dsea > 10 km?


If the distance over sea is less than 10 km, the distance over sea is set to 0 and the field strength calculation for sea path is not applied.

Calculate E sea (h1 outside range 37.5 m – 1200 m)


This process calculates the field strength for the sea path when h1 is outside the range 37.5 m to 1200 m and is described in Chapter 2.5.5.2.

Calculation of the mixed path field strength


This process calculates the field strength for the mixed path propagation as described in Chapter 2.5.5.3.
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Chapter 2.5.5.1: Calculate Eland (h1 outside range 37.5 m – 1200 m)


This process calculates the field strength if h1 is less than 37.5 m or is greater than 1200 m (according to Appendix 2 of Annex 5 of the VA93).

There are the following 4 cases:


d > 4.1
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 , and field strength (E) is derived from the curve of h1 = 37.5 m, at distance d1.

d > 4.1
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 and h1 > 1200 m.


If Vienna method is used:

d1 = d + 142 – 4.1
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If CEPT recommendation is performed:

d1 = d + 140 – 4.1
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d < 4.1
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The field strength (E) is : E = E1 - E2 + E3.
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If CEPT recommendation is performed:

d1 = d, d2 = 4.1
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, d3 = 140, and field strength values (E1, E2, E3) are derived from the curve of h1 = 1200 m, at distances d1, d2, d3.

The field strength (E) is : E = E1 - E2 + E3.
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GET_E: Calculate the field strength from curves


This subroutine calculates the field strength from curves as described in Chapter 5. The output field strength is for 1 kW ERP.

Eland = E + k(Tx + k(Rx  - k(h


The field strength for the land path is modified to take into account the Tx and Rx clearance angle correction factors and the (h correction factor.

Eland > E free space

Eland (1kW) is limited to the free space field strength value (1 kW).
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Chapter 2.5.5.2: Calculate E sea (h1 outside range 37.5 m – 1200 m)


This process calculates the field strength if h1 is less than 37.5 m or is greater than 1200 m (according to Appendix 2 of Annex 5 of the VA93).

There are the following 4 cases:


d > 4.1
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If Vienna method is used:

d1 = d + 142 – 4.1
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If CEPT recommendation is performed:

d1 = d + 140 – 4.1
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, d3 = 25, and field strength values (E1, E2, E3) are derived from the curve of h1 = 37.5 m, at distances d1, d2, d3.

The field strength (E) is : E = E1 - E2 + E3.
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If Vienna method is used:

d1 = d, d2 = 4.1
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, d3 = 142, and field strength values (E1, E2, E3) are derived from the curve of h1 = 1200 m, at distances d1, d2, d3.


If CEPT recommendation is performed:

d1 = d, d2 = 4.1
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1

, d3 = 140, and field strength values (E1, E2, E3) are derived from the curve of h1 = 1200 m, at distances d1, d2, d3.

The field strength (E) is : E = E1 - E2 + E3.

GET_E: Calculate the field strength from curves


This subroutine calculates the field strength from curves as described in Chapter 5. The output field strength is for 1 kW ERP.
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Chapter 2.5.5.3: Calculation of the mixed path field strength

dsea = 0?

If distance over sea is equal to zero the mixed path field strength is equal to the land path field strength.

Vienna?

If CEPT recommendation is performed the following formula is used:
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If Vienna method is used the following formula are calculated according to Chapter 3.6 of Annex 5 of the VA99. 
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Frequency > 300 MHz and T% = 1


If the frequency is higher than 300 MHz and T% is equal to 1, the field strength is determined by using the following formula where A is define by the figure of Chapter 3.6 of Annex 5 of the VA99:
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In the other cases, the field strength is 
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Chapter 2.5.6: Applying correction factors

Vienna?


If Vienna method is used the correction factor for the receiver antenna height h2 according to frequency and distance is not taken into account. 

h2 > 10 m


If the receiver antenna height is greater than 10 m, its correction factor is calculated.

Correction factor for h2 according to frequency and distance


This process calculates correction of receiver antenna height from 10 m to 3 m () (1.6 of Appendix 5 of Annex 5 of the VA99), according to the frequency (f) and the distance (d).


There are the following cases:


d < 50 km
 = - 8 dB

f <= 300 MHz
50 km <= d <= 100 km
Linear interpolation


d > 100 km
 = - 5 dB


d < 50 km
 = - 10 dB

f > 300 MHz
50 km <= d <= 100 km
Linear interpolation


d > 100 km
 = - 3 dB


The result of this process is the modified field strength value:

E = E + 
Correction according the actual used power 


The field strength is corrected according the actual used power by the following formula:
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Apply correction factor according to the frequency range


If the frequency is higher or equal than 862 MHz and less than 1700 MHz, 2 dB correction is needed according to Chapter 3.4 of Annex 5 of the VA99, i.e. E = E-2.


If the frequency is higher or equal than 1700 MHz, 9 dB correction is needed (GSM 1800), i.e. E=E-9.
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Chapter 3: CALCULATION OF THE PERMISSIBLE INTERFERENCE FIELD STRENGTH (P_FS_C)

Description

This subroutine calculates the  permissible interference field strength taking into account the correction factors mentioned in Annex 1, Annex 3, Annex 6 of the VA93 and in the relevant CEPT Recommendations.

The calculation parameters are frequency offset, receiving antenna diagram, the polarisation discrimination and receiving antenna gain..

Calculate f:

The frequency offset between transmitter and receiver (in kHz) (f = ABS (ft-fr) * 1000 will be calculated.

 ft  is transmitting frequency in MHz



 fr is receiver frequency in MHz



Input values for k(f available?

If an input value for k(f is available, this value is used. If not the correction factor is calculated.

Determine k(f depending on the calculation mode

If no input value for k(f is available, correction factor of (f depending on the calculation mode is calculated as described in Chapter 3.1.

If delta frequency is greater than the definition range, the maximum value from the Annex 3 of the Vienna Agreement for k(f  +82 dB is used and info value “frequency outside definition range” is set.

Calculating the permissible field strength taking into account the correction factor for the frequency offset (f and all receiving antenna correction factors

This process calculates the resulting permissible field strength. This is described in detail in Chapter 3.2.
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Chapter 3.1: Determine k(f depending on the calculation mode

If calculation mode is 0, 4 or 7

In case of calculation mode 0 (normal Vienna calculation), 4 (ERMES – ERMES) or 7 (Vienna Agreement measurement calculation), the correction factor of (f according to the Vienna Agreement is used.

Determination of k(f according to the Vienna Agreement

This process calculates k(f according to the Vienna Agreement. This is described in Chapter 3.1.1.

If calculation mode is 1, 2 or 3

In case of calculation mode 1(GSM – GSM), 2 (GSM – TACS) or 3 (GSM – NMT) the correction factor of (f according to the CEPT Rec. T/R 20-08 is used. 

Determination of k(f according to the GSM 900

This process calculates k(f according to the GSM 900 method. This is described in Chapter 3.1.2.

If calculation mode is 5 or 6

In case of calculation mode 5 (GSM 1800 ML – GSM 1800 FB) or 6 (GSM 1800 FB – GSM ML) the correction factor of (f according to the CEPT Rec. T/R 22-07 is used.

Determination of k(f according to the GSM 1800

This process calculates k(f according to the GSM 1800 method.

The correction factor k(f is determined using the following table based on the CEPT Rec. T/R 22-07:

(f
k(f

> 100 kHz
- 9 dB

200 kHz
+  9 dB

400 kHz
+ 41 dB

600 kHz
+ 49 dB

If calculation mode is 8

In case of calculation mode 8 (Emergency and security services) the correction factor of (f according to the emergency and security services is used.

Determination of k(f according to the emergency and security services

This process calculates k(f according to the emergency and security services. 

For the bands 380 - 385 MHz and 390 - 395 MHz and between digital mobile systems the correction factor (k(f) for different frequency offsets ((f ) is given by the following formulas:


k(f = 0 dB


for (f < (B1 + B2) / 2,


k(f = 45 dB


for (B1 + B2) / 2 ( (f ( (B1 + 2 * B2) / 2,


k(f = not defined


for (f > (B1 + 2 * B2) / 2

where B1 is the channel spacing of the wider and B2 that of the narrower system.

Note: If another calculation mode than the previous one is used an error occurs.

[image: image122.wmf]LINE_C

Calculation of the max. field strength

on a line FS (chp. 4)

Start

End reached ?

Calculate distance to

centerpoint

yes

no

yes

no

Calculate field strength

at the centre point

(chp. 4.2)

Calculate interference

range (INTRA)

 (chp. 4.1)

Select line

Read line data

Line data

Distance <

interference

range

Keep 3 highest field

strength

End

Are there

center points to be

 regarded ?

Max field strength =

-999.9

no

yes

Find maximum field

strength

FS_CAL

Calculation of the

field strength

(chp. 2)

Calculate distance and

direction from Tx to the

selected point



Chapter 3.1.1: Determination of k(f according to the Vienna Agreement

Input Designation of emission (Tx and Rx) and delta frequency (f:

Input data are:



bandwidth of the useful system (BU)



bandwidth of the interfering system (BI)





k(f
(when k(f is an input value no calculations for k(f will be performed. The input value will be used).  

Determination of CSR according to Annex 3 of the VA93:

The channel spacing of the used receiver system (CSR) will be determined from its bandwidth.

For the determination of CSR from the first 4 characters of column 7A (designation of emission) of Annex 2 of the VA93, the channel spacing has to be determined as follows: 

necessary bandwidth
channel spacing

 for receiver (CSR)

< 11k0
12.5 kHz

> 11k0 and 14k0 
20 kHz

> 14k0 and 16k0
25 kHz

CSR:

If CSR = 12.5 kHz then Figure 1 of Annex 3 of the VA93 is used.

If CSR = 20.0 kHz then Figure 2 of Annex 3 of the VA93 is used.

If CSR = 25.0 kHz then Figure 3 of Annex 3 of the VA93 is used.

Note: The error values are for the receiver 1013 and for the transmitter 1014 (Channel spacing outside definition range).

Determination of CSI according to Annex 3 of the VA93:

The channel spacing of the interfering transmitter system (CSI) will be determined from its bandwidth.

For the determination of CSI from the first 4 characters of column 7A (designation of emission) of Annex 2 of the VA93, the channel spacing has to be determined as follows: 

necessary bandwidth
channel spacing for transmitter (CSI)

< 4k40
5.0 kHz

> 4k40 and < 5k50
6.25 kHz

> 5k50 and < 8k80
10.0 kHz

> 8k80 and < 11k0
12.5 kHz

> 11k0 and 14k0 
20 kHz

> 14k0 and 16k0
25 kHz

Note: The error values are for the receiver 1013 and for the transmitter 1014 (Channel spacing outside definition range).
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kf calculation:

The calculation of the value of k(f will be taken from the curve according to (f.

Output:

The output of this module is the value of k(f and will be used for the calculation of the permissible interference field strength. 
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Chapter 3.1.2: Determination of k(f according to the GSM 900

Tx bandwidth > 100 kHz?

If the Tx bandwidth is greater than 100 kHz, GSM is the transmitter. In the other case GSM is the receiver.

Tx = GSM

GSM is the transmitter.

Rx = GSM

GSM is the receiver.

Determine k(f taking into account calculation mode and (f

 The correction factor k(f is determined using the following table.

Calculation
Tx
Rx

k(f


Mode
(interferer)
(wanted)
(f = 0 kHz
(f = 200 kHz
(f = 400 kHz

1
GSM
GSM
- 9 dB
+ 9 dB
+ 41 dB

2
TACS
GSM
- 11 dB
+ 19 dB
+ 49 dB

2
GSM
TACS
- 9 dB
+ 33 dB
+ 51 dB

3
NMT
GSM
- 9 dB
+ 33 dB
+ 61 dB

3
GSM
NMT
- 10 dB
+ 20 dB
+ 50 dB
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Chapter 3.2: Calculating the permissible field strength taking into account the correction factor for the frequency offset (f and all receiving antenna correction factors

Calculation of antenna correction factors C1, C2, C3 (horizontal pattern, vertical pattern and type of antenna)

The correction factors C1, C2, C3 are calculated the same way as in Chapter 2.2, but for the receiver site. 

Calculation of the total antenna directivity attenuation C

The correction factor C is calculated the same way as in Chapter 2.2, but for the receiver site. 

Calculation of the permissible field strength

The resulting permissible field strength is calculated taking into account the permissible field strength from table or input, the receiver antenna gain, the total antenna directivity attenuation correction factor, the correction factor according to the type of antenna, the depolarisation loss and the correction factor according to the frequency offset.

The following formula is used:

EP = EP’ – G2 + C + C3 + p + k(F

Where 
EP = permissible field strength


EP’ = permissible field strength according table or input value


G2  = receiver antenna gain


C = total antenna directivity attenuation correction factor


C3 = correction factor according to the type of antenna


P = depolarisation loss


K(f = the correction factor according to the frequency offset.
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Chapter 4: CALCULATION OF THE MAXIMUM FIELD STRENGTH ON A LINE (LINE_C)

Description

This subroutine will predict the maximum interference field strength on the co-ordination lines.

Co-ordination lines are

· border lines

· maximum cross border ranges

· the x-km lines of preferential frequencies.

For the prediction of the field strength the subroutine Calculation of the field strength (FS_CAL) is used.

Common terrain data and common co-ordination line data are obligatory.

Calculate interference range (INTRA):

This process calculates the maximum interference range of the given Tx (based on power, effective antenna height, 10° steps, flat terrain and maximum permissible interference field strength). This is described in detail in chapter 4.1.

Select line:

This routine checks the input value for the co-ordination line distance and country codes and builds the filename.

Open line data (POINTB):

This subroutine opens the selected file for access and is described in detail in chapter 5.

Read line data:

This routine reads line data from the opened file. One record consists of 11 pairs of  coordinates (10 points from the line and one centre point).

End reached:

If all line data is read and all calculations to centre points are performed, the program proceeds to determine the maximum field strength.

Calculate distance to centre point: 

The distance from Tx to the centre point is calculated.

Distance < interference range:

If the distance is within the interference range, this centre point has to be taken into account for field strength calculation.

LEFT BLANK

Calculate field strength:

This process calculates the field strength at the given centre point. For cross border range calculations, the maximum cross border range is added to find a new point where the field strength is calculated. This is described in detail in chapter 4.2.

Keep 3 highest field strengths and corresponding centre points:

The coordinates of the three centre points giving the highest field strength values are stored for further calculation on this part of line.

Are there centre points to be regarded:

If centre points have been stored, the program proceeds to calculate the field strength at this part of the line. If no centre points have been stored, the co-ordination line lies outside of the interference range.

Max. field strength = -999.9

If no centre points have been stored, -999.9 is returned as output value. 

Read line data corresponding to the stored centre point:

The part of line data described by the stored centre point is read.

Calculate field strength:

The field strength for all points of this special part of the line is calculated. For maximum cross border range calculations, the maximum cross border range is added to find a new point where the field strength is calculated. This is described in detail in chapter 4.2.

Keep maximum field strength & corresponding point:

For the point with the maximum field strength value, the co-ordinates and the field strength are stored.

Line parts done:

The program proceeds until all line parts described by the stored centre points have been taken into account.

Calculate distance and direction from Tx to the point of maximum field strength:

To provide all necessary output data, the distance and direction from the transmitter to the point giving the highest field strength are calculated (using subroutines DISTAN and DIRECT as described in chapter 5).
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Chapter 4.1: Calculate interference range (INTRA)

Is transmitter a mobile station? :

In case of mobile stations the effective antenna height is set to 3m.

Calculation of maximum effective antenna height in 10 degree steps:

For fixed stations, this module calculates the effective antenna heights in 10 degree steps with a grid of 500 m (to speed up the calculations) and an antenna height of 0 meter. This process is described in detail in chapter 4.1.1.

Selection of the maximum effective antenna height:

For interference range calculation, the maximum of these 36 values is selected.

Calculate interference range:

The interference range is calculated taking into account the following parameters:


antenna height of the transmitter


maximum effective antenna height


maximum radiated power


receiver antenna height


permissible interference field strength


frequency


channel occupation.

Mixed path:

Mixed path is assumed if the input value for dsea >= 10km or not provided (worst case). For mixed path calculations the value of INTRA will be increased by a factor CO depending on the frequency band and time percentage. CO is a correction factor derived from the average differences between land- and sea- curves at a given time percentage.


f TX <= 300 MHz
f TX > 300 MHz


T  = 1
T  = 10
T  = 1
T  = 10

CO
3.5
1.5
9.0
3.25

INTRA = INTRA + 5 km:

To correct for the average distance between the centre point and the line, 5 km are added.

INTRA = INTRA – MCR:

In case of cross border calculations the value of INTRA has to be modified by the value of maximum cross border range (MCR).
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Chapter 4.1.1: Calculation of the effective antenna heights in 10 degree steps

Set point distance to 500m and save old:

The profile grid size is set to 500m to speed up calculations. This may be done because accuracy is not needed at this intermediate calculation.

Angle = 0 degrees:

Initialise angle to start at 0°

Is angle 360 degrees? :

Check if all effective antenna heights are done

New point:

The ending point of the new profile (starting at Tx) is calculated using the new angle and a distance of 15.1km.

PROFIL:

The subroutine PROFIL is called to calculate the new profile. This subroutine is described in detail in chapter 5.

Calculate heff:

The average of all profile heights from 1 km to 15 km is calculated.

Angle = angle + 10 degrees:

Calculate next angle

Restore old point distance:

The old point distance is restored (default 100m).
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Chapter 4.2: Calculate field strength

Cross border range calculation:

For cross border calculations, the given point is not the receiving point, so corrections have to be made.

Calculate distance and direction to line point:

The distance and direction from the transmitter to the given line point are calculated (using DISTAN and DIRECT as described in chapter 5).

Calculate the receiving point:

This module calculates the coordinates of the receiving point by adding the maximum cross border range taking into account the distance and the direction calculated before.

FS_CAL:

This module calculates the field strength at the receiving point (described in chapter 2).
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Chapter 5: SUBROUTINES

Chapter 5.1 Calculation of the gain of a directive antenne in a given direction (ANTENN).

Divide the antenna type in 3 parts :

The first part of this subroutine splits the input antenna character string into three parts as described in point 1.1 of Annex 6 of the VA99 :

- the leading part (first 3 numbers) 

- the type (2 letters)

- the trailing part (last 2 numbers)

Convert leading and trailing part :

This part of the subroutine converts the first and third part of the separated character string into numeric values. 

Check if leading part is valid according to the type :

This part of the subroutine checks the type of antenna (2nd part) and the possible values of the leading part according to the values in the table:

type
valid values for leading part




EA
001 - 065

EB
001 - 079

EC
001 - 096

DE
001 - 065

LA
001 - 120

KA
000 - 100

CA
000 - 100

CB
000 - 100

CC
000 - 100

For other types no validation check is performed.

Calculate the antenna correction factor :

For EA, EB, EC, DE, LA, KA, CA, CB and CC type antennas, the angle and antenna code are used directly with the formulas in Annex 6 of the VA99 to calculate the correction factor.

For  V* and W* type antennas, the antenna code is further analyzed to derive the correct formula according to Appendix 4 & 5 to Annex 6 of the VA99.

For XX and ND type antennas the correction factor is set to 0 dB. For XX antennas an info value is returned. 

The result is limited to -40 dB, giving an antenna correction factor in the range of -40 ... 0 dB. 
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Chapter 5.2 Calculate the correction factor kh (C_DH_C)

Input h, d, f:

The values for terrain irregularity, distance and frequency are read.

f > 300:

The frequency range is checked to select the proper curve.

Figure 1 of appendix 3 to annex 5 of VA99:

The table according to figure 1 of Appendix 3 to Annex 5 of VA99 is selected for calculation.

Figure 2 of appendix 3 to annex 5 of VA99:

The table according to figure 2 of Appendix 3 to Annex 5 of VA99 is selected for calculation.

kh determination:

The value for k(h is interpolated from the selected table.
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Chapter 5.3: Calculation of the clearance angle and its correction factor according to the CEPT method (CLACOF)

This module determines the terrain clearance angle as described in §1.4 of the Appendix 5 to Annex 5 of the VA99. The profile that has been taken into account is situated between the receiver and 16 km from it, into the direction of the transmitter.

Distance > 16 km:

Determine if the distance between the receiver and the transmitter is greater than 16 km.

Calculate all Rx elevation angles taking into account the distance from Tx to Rx:

Calculate this in case of a distance less than or equal to 16 km. For every profile point, an elevation angle is calculated from 10 m height above the ground at the receiver site.

Calculate all Rx elevation angles taking into account the distance from Rx – 16 km to Rx:

Calculate this in case of a distance greater than 16 km. For every profile point, belonging to the last 16km of the profile (from Tx to Rx) the elevation angle is calculated from 10 m height above the ground at the receiver site.

Rx clearance angle = minimum of all Rx elevation angles:

The terrain clearance angle is the minimum of the calculated elevation angles.

Calculate Rx clearance angle correction factor:

From the Rx terrain clearance angle and the frequency, the correction factor is determined out of the figure in §1.4 of the Appendix 5 to Annex 5 of the VA99.
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Chapter 5.4: Calculation of the clearance angle correction factor

The terrain clearance angle correction factor is calculated in accordance to Appendix 4 to Annex 5 of the VA99, using the formulas for VHF or UHF depending on the frequency band.
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Chapter 5.5: Calculate h according to CEPT recommendations (DH_ITU)

d > xx km:

This module calculates the value of (h from the terrain profile, starting 10 km from the transmitter up to the receiving point (d2=d). If the distance from the transmitter to the receiver (d) is less than or equal to 10 km, then (h = 50m. If the distance (d) is larger than 50km, then the first 50km are taken into account (d2 = 50km).

Sort all profile heights:

For further calculations, the profile heights have to be sorted, to be able to eliminate the extreme values.

Cut extremes of the elements:

10% of the values at the top and the bottom are deleted to minimise the influence of extremes in the propagation path (see §1.2 of Appendix 5 to Annex 5 of the VA99). 

Determine h:

The difference between the highest and lowest remaining profile height is the value of (h.

[image: image134.wmf]GET_E

Calculate field strength from curves

(chp. 5.9)

Start

Reading the field strengths of

the surrounding points

Interpolation

End


Chapter 5.6: Calculate h according to Vienna method (DH_VIE)

d > xx km:

This module calculates the value of (h from the terrain profile, taking into account the terrain in a range from 4.5 km to 25 km from the Tx and Rx site.

If the distance from the transmitter to the receiver is less than or equal to 10 km, then (h = 50m.

If the distance is less than or equal to 50km, then the terrain in a range of 4.5 km from Tx to 4.5 km to Rx is taken into account (see §3.3 of Annex 5 to the VA99).

Sort all profile heights:

For further calculations, the profile heights have to be sorted, to be able to eliminate the extreme values.

Cut extremes of the elements:

10% of the values at the top and the bottom are deleted to minimise the influence of extremes in the propagation path. 

Determine h:

The difference between the highest and lowest remaining profile height is the value of h.
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Chapter 5.7: Calculation of the azimuth from one point to another point (DIRECT)

This subroutine calculates the azimuth from point A to point B and is only valid for calculations with geographical points north of the equator.

Determine angle:

The angle is calculated according to the formula
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where 
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and where


LOA = longitude of point A


LAA = latitude of point A


LOB = longitude of point B


LAB = latitude of point B
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Chapter 5.8: Calculation of the distance between two points (Tx and receiving point). (DISTAN)

Are co-ordinates equal:

When the co-ordinates of TX and the receiving point are equal the distance is set to 0 km.

Calculate distance:

Point 1 (Tx)

longitude = A


d = distance 




latitude = B


a = arc-distance

Point 2 (receiving point)
longitude = C




latitude = D
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Arc-distance on the great circle:

a = arccos (sin B * sin D + cos B * cos D * cos (C-A))

Weighted length of one degree of a great circle on the earth surface:
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Distance on the surface:

d[km] = 111.2  *   a
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Chapter 5.9: Calculate field strength from curves (GET_E)

This module gets the field strength from the table of the appropriate curve. Values in this table are stored at fixed distances and fixed effective antenna heights. The distance d is between d1 and d2; the effective antenna height h1 is between h11 and h12.

Reading the field strengths of the surrounding points:

For further interpolation 4 neighbouring field strength values are read:

E1=E(h11,d1) 

E2=E(h12,d1)

E3=E(h11,d2)

E4=E(h12,d2).

Interpolation:

Linear interpolation between these four values is done to get the field strength E(h,d).
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Chapter 5.10 Select the correct ITU-R figures (land and sea) (GETFIG)

This subroutine selects the correct land- and sea-figure and their names according to the frequency (less than or equal 300 MHz = VHF, greater than 300 MHz = UHF), the time percentage and the sea temperature (see Annex 4 of the VA99).
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Chapter 5.11: Open line data (POINTB)

This subroutine opens a line data file. 

The only reason why this subroutine is a stand-alone subroutine, is that the opening of the file is hardware depending. The subroutine distributed by the HCM-group is performing on an MS-DOS platform.
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Chapter 5.12: Reading height of a given point from the terrain database (POINTH)

Calculate filename with path and resolution from co-ordinates of point:

At first the filename and resolution is calculated taking into account the co-ordinates of the given point (see chapter 6).

Calculate the datablock number (1...144) from the co-ordinates:

The number of the datablock is calculated. When this datablock is already in memory, determination of heights can be performed immediately; otherwise this block has to be read from the terrain database first.

Determine the heights of 4 gridpoints nearest to the given point:

The height of the four adjacent gridpoints is read for further interpolation.

Interpolate:

The height of the requested point is determined by bilinear interpolation between the four adjacent points.
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Chapter 5.13: Determination of the terrain profile between two points (Tx and receiving point) (PROFIL)

Calculate the distance from Tx to receiving point:

The distance between these two points is calculated.

Set height of Tx:

The height of point Tx is determined by using the module POINTH (chapter 5.12)

Calculate the azimuth from Tx to receiving point:

The azimuth from the starting point to the ending point is calculated.

Calculate the distance from Tx to the next point:

The distance is calculated by multiplying the point distance (default 100m) by the number of points already done + 1.

End reached? :

Determine if the calculated distance is greater then the total distance.

Calculate co-ordinates of next point:

Calculation of the co-ordinates, from the current point in the direction of the receiving point using the point distance.

Set height of profile point:

The height of the profile point is determined by using the module POINTH (chapter 5.12)

Set height of receiving point:

The height of the receiving point is determined by using the module POINTH (chapter 5.12)
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Chapter 6: Topographical Data

TC “ANNEX 6 - Topographical data"(\l2)
The owner of the topographical data is:

Defence Mapping Agency

ATTN: SOP

8613 Lee Highway

Fairfax, VA 22031-2137

The name of the data is: Digital Terrain Elevation Data (DTED) Level 1 Coverage.

Parts of the data are carried on a CD, other parts are stored on magnetic tape (1/2 Inch standard industry magtape). The organisation of data differs a little on CD from on tape, but the elevation-data-blocks both are the same.

Organisation of the original data:

The elevation data has a geographical grid (WGS84, World Geodetic System 1984). The resolution in North-South-direction is always 3 seconds (appr. 95 m). In East-West-direction the resolution differs: 

· in the South, South of 50 degrees latitude it is 3 seconds (on the equator appr. 95 m, at 50 degrees latitude appr. 60 m).

· in the North, North of 50 degrees latitude the resolution is 6 seconds (appr. 120 m at 50 degrees latitude; appr. 93 m at 60 degrees latitude; 0 m at the North Pole).

Further information is added to the elevation data on the data carriers. There is an exact description of this data (appr. 20 sheets of paper). All data of an area of 1 * 1 degree is stored in one data-file. The elevation-data is provided as strips (data-records). One strip contains the data from the southern to the northern end of the 1 * 1 degree square. 1 degree = 3600 seconds. The resolution is 3 seconds, so there are 1200 values belonging to 1 degree. The data-record contains 1201 values, because the last value is equal to the first value of the corresponding data-record of the northern 1 * 1 block (60 minutes, 0 seconds). Those strips, starting in the West and ending in the East, are combined in one data-file. If the resolution in the East-West-direction is 3 seconds, there are 1201 strips (records) in one file, if the resolution is 6 seconds there are 601 records. The last record is equal to the first record of the eastern 1 * 1 block. Their South-West corner names the blocks. Block 'E008N50' contains data from 8 to 9 East and 50 to 51 North.

Example:

Block 'E008N50' (number of elevation data)

(resolution in East-West-direction = 6 seconds, because of being North of 50 latitude!)


   8
   8



   8
   9


   00'
   00'

North

   59'
   00'


   00"
   06"



   54"
   00"










5100'00''
1201
2402



720600
721801

5059'57''
1200
2401



720599
721800









































































West







East









































































5000'03''
2
1203



719401
720602

5000'00''
1
1202



719400
720601

South

All elevation data are 2 Bytes Integer-values (Fixed Binary integers). If the elevation value is negative, first the MSB (Bit #15) has to be cleared and second: the compliment has to be built to get the correct elevation value. One data-record (strip) contains 1201 values (2 Bytes) = 2402 Bytes. One file (1 * 1 square) contains 601 or 1202 records (1.44 or 2.88 Mbytes).

The organisation of the original elevation data is not useful for making terrain-profiles. Only in cases where profiles stretch from North to South or vice versa, the original data provides a set of required values in one data-record (strip). In all other cases, one record (2402 Bytes) contains only one required value (2 Bytes). To get the next value, a further record has to be read. In most cases terrain data will be stored on a hard-disc. So the I/O-rate and delay time for a complete terrain profile will be very high. If the organisation of data is arranged in squares and not in strips, the performance is higher. If elevation data of a square containing 35 * 35 data (=1225 data = 2450 Bytes) is combined in one record, the length of this record is similar to one record of the original data (2402 Bytes), but in the case of a profile, one record will provide at least 35 required values! So the access time will be 35 times faster. As a result of this the method of storing terrain data was changed to the following organisation:

Terrain data of a 5 * 5 minute square (appr. 9 * 5 km) is combined in one data-record. Similar to the original data, strips in the North and East are added to the data inside the square. The reason is: If you want to have the elevation of a given point, in most cases this point is located between 4 points in the grid of the stored data. To get the correct elevation, you have to interpolate between these 4 points. The western and southern grid-points are always present (example: wanted point 8 0" 1'  record 8 0' to 5' is read; so the western grid-point (= 8 0' 0") is present). In the case where the wanted point is for example 8 4' 59", the eastern grid-point is 8 5' 0". Normally this point is not inside the read record, but part of another record (8 5' to 10'). To prevent the program from reading an additional record, the strip 5' 0" is added to the record 0' to 5'. For the same reason, a strip in the North is also added. It is therefore possible to get the right elevation of a wanted point reading only one record of data.

A 5' * 5' square contains north of 50 latitude 101 * 51 values = 5.151 values and south of 50 latitude 101 * 101 values = 10.201 values. One value = 2 Bytes. The length of data records is therefore 10.302 or 20.402 Bytes.

Record description:

Length: fixed, 10.302 or 20.402 Bytes 

No carriage control!

The elevation data inside the record is combined from East to West and from South to North.

Example:  (South of 50 latitude, resolution in East-West-direction = 3"; number of elevation data)





North














10101
10102
10103


10200
10201


10000
10001
10002


10099
10100









































































West







East










































































102
103
104


201
202


1
2
3


100
101

South

- 12 * 12 records (=144 records;=1 * 1 degree) are stored in one file.

- The filename is (example): E007N50.63E

where 
E007
=
longitude of the South-West corner,


N50
=
latitude of the South-West corner,


63
=
resolution in seconds longitude (6) and latitude (3) and


E
=
elevation data (M for morphological data)

- Position of records inside the file:

North


133
134
135
136
137
138
139
140
141
142
143
144



121










132



109










120



97










108



85










96



73










84


West
61










72
East


49










60



37










48



25










36



13










24



1
2
3
4
5
6
7
8
9
10
11
12


South

- All files with the same longitude are stored in the same subdirectory. The name of the subdirectory is equal to the first four characters of the filename (example: E007).

Chapter 7: Geographical data requirements for line calculations, field strength predictions and storage format of line-data.

Chapter 7.1: Data requirements

Chapter 7.1.1: The different cases:

For distance calculations and field strength predictions geographical data are required for the following cases,

 border lines,

 cross border lines according to the Annex 1 of VA93,

 x-km lines for preferential frequencies (for own and foreign preferential frequencies).

These cases are described below.

Chapter 7.1.2: Border lines:

To determine the necessary border line for the involved countries, the border line data of the involved countries are required up to a distance of 100 km within these countries.
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Chapter 7.1.3: Cross border lines (cross border ranges):

To determine the cross border range within the involved countries, only the border line data from the own country are required.
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Chapter 7.1.4: x-km lines of preferential frequencies:

To determine the x-km lines in every country involved, the data of these x-km lines with or without an overlap on one or both sides of the border are required. The requirement of an overlap depends on the shape of the border lines. 

Chapter 7.1.4.1: x-km lines without an overlap:

The normal condition without an overlap is shown in the picture below.
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Chapter 7.1.4.2: x-km lines with an overlap:

In some cases, if the border line e.g. looks like the picture below, an overlap of the x-km-lines is required. How long the overlap is and where the line starts or ends, is subject of a bilateral agreement between the involved countries.
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Chapter 7.2: Necessary calculation steps

For border lines:

For field strength predictions on the border line, only the border line data described in 1.2 will be used. This calculation has to be performed in every of the cases mentioned under paragraph 1 in order to determine the affected countries.

For cross border ranges:

After having determined the affected countries, the cross border range calculation has to be performed by using only the border line data of the own country (see 1.3).

For the x-km lines for preferential frequencies:

After determination of the affected countries, the field strength predictions on the x-km lines have to be performed by using the x-km lines data (see 1.4).

Chapter 7.3: How to create the required database with the "BORDER" - program:

The "BORDER" program offers the option to create all required data files. As the input for calculations you need the border line data from your own country, subdivided in portions according to the different involved countries and up to a distance of 100 km from the own border. All data consist of pairs of geographical co-ordinates of border points in decimal, WGS’84 format. It is required as a textfile, in each line longitude and latitude of one border point, first longitude, second latitude. These two values have to be delimited by a blank, a comma or a semicolon (see HELP in the BORDER program, example:  9.523 51.324).

For other computers (e.g. UNIX) the BORDER program presents the possibility to store the line data in ASCII-format. This file(s) have to be moved to the other computer and a small program has to be run to convert this data to the format required for the HCM module. This FORTRAN program is listed in paragraph 5.

Chapter 7.4: Storage format of the line-data:

All line data is stored in different files. The names of those files are build using the two country codes (country from - country to) and the distance to the border line. If the country code is less than three letters, the missing places have to be filled with underscores (e.g. ‘D__’). Border lines are stored with the file extension ‘*.000’. (e.g. the data of the border line from D to HOL has the filename: ‘D__HOL.000’.)

Cross border line data use the ‘*.CBR’. This file contains the part of the border only of the own country with an overlapping of approximately 100 km on both sides.

X km lines use the value of distance x (e.g. for GSM 15-km-lines: ‘*.015’).

To create a record of a file, 10 geographical co-ordinates of line points are selected. The centre point of those 10 points is calculated. It is the 11-th point. All co-ordinates are in decimal form, longitude first, latitude second. It results in 22 values of co-ordinates. This 22 values are calculated in radian (value *  / 180) and stored in REAL*8 variables. All 22 values are stored in one record writing 22*8 Bytes = 176 Bytes. No carriage return is used. The file is a direct access file with a record length of 176 Bytes.

Record:

long.1  lat.1  long.2  lat.2  ......  long.10  lat.10  long.11  lat.11

Part of FORTRAN-code to store the data (22 radiant values of co-ordinates):

DOUBLE PRECISION    COORD(22)

CHARACTER*176          LINE

EQUIVALENCE (LINE, COORD)

OPEN (UNIT=1, FILE=FILENAME, ACCESS=DIRECT, RECL=176)

C     Write 1st. record to file (‘LINE’ is equivalent ‘COORD’!):

WRITE (1, REC=1) LINE

CLOSE (UNIT=1)

END

If for the last record the remaining points are less than 10, the last point is duplicated until 10 points are reached.

The task of creating the database is part of the ‘BORDER’ program, which is available free of charge from the German Administration for all signatories of the Vienna Agreement.
Chapter 7.5: FORTRAN program to convert ASCII - line-data to HCM-format:

C

C     ASC_BIN.FOR    

C     

C     Converting ASCII (border-) line data created with the "BORDER"

C     program to binary data.

C

      DOUBLE PRECISION    X(22)

      CHARACTER*176       Y 

      CHARACTER*50        IN, OUT

      INTEGER             I, J, IOS, IN_L, OUT_L

C      

      EQUIVALENCE (X,Y)      

C

C     ************************************************************

C

C     Ask for filenames:          

10    WRITE (*,*)

      IN = '                                                  '

      WRITE (*,*) '  Please enter the name of the file containing',

     *            ' the ASCII data:'        

      READ (*,'(A50)',END=900,ERR=10) IN 

C      

20    WRITE (*,*)

      OUT = '                                                  '

      WRITE (*,*) '  Please enter the name of the file for the',

     *            ' binary data:'

      READ (*,'(A50)',END=900,ERR=20) OUT

C

C     Length of filenames:

      IN_L = INDEX (IN, ' ') - 1

      IF (IN_L .LT. 1) GOTO 10

      OUT_L = INDEX (OUT, ' ') - 1

      IF (OUT_L .LT. 1) GOTO 20

C            

      OPEN (UNIT=1, FILE=IN(1:IN_L), RECL=440)

      OPEN (UNIT=2, FILE=OUT(1:OUT_L), RECL=176, ACCESS='DIRECT')

C

      J = 1 

C      

100   READ (1,'(22F20.15)',IOSTAT=IOS) (X(I),I=1,22)

      IF (IOS .EQ. -1) GOTO 900

      IF (IOS .NE. 0) THEN

        WRITE (6,*) ' Error reading ASCII data, I/O-status = ',IOS

        GOTO 900

      END IF

      WRITE (2,REC=J,IOSTAT=IOS) Y

      IF (IOS .NE. 0) THEN

        WRITE (6,*) ' Error writing binary data, I/O-status = ',IOS

        GOTO 900

      END IF

      J = J + 1

      GOTO 100

900   CLOSE (UNIT=1)

      CLOSE (UNIT=2)

      END
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Chapter 8: Interface to the HCM_MS subroutine in FORTRAN 77.

C     Interface to the HCM_MS subroutine in FORTRAN 77.

C

C

      IMPLICIT           NONE

C

      CHARACTER*1        CHANOC, SEATEM, TYOFAN, TYOFAR

      CHARACTER*2        COFFDI 

      CHARACTER*3        LANDF, SEAF, LANDTO, LANDFR, MARAIN

      CHARACTER*4        HTI, HRI, HATI, HARI, GAINAN, DP

      CHARACTER*5        AZITI, ELETI, RSERVT, AZIRI, ELERI, EPINP

      CHARACTER*5        RSERVR, DSEA, VERSIO

      CHARACTER*6        MAXPOW

      CHARACTER*7        TANTH, TANTV, TANTHR, TANTVR

      CHARACTER*9        DEMRX, DEMTX

      CHARACTER*12       TRAFRE, RECFRE

      CHARACTER*15       COOTX, COORX, COOBL

      CHARACTER*63       TPATH, BPATH

C

      INTEGER            ERROR, CMODE, HTT, HRT, HAT, HAR

      INTEGER            PN, PROF(34000), BORDIS, TIMPRO, HT

C

      REAL               PR, E0, EC, HDT, HDR, CSI, EP, MAXRA

      REAL               EP0, TX_CLA, RX_CLA, TX_CAC, RX_CAC

      REAL               AM, AMS, H1, DH, CDH, DF, CDF, EL, ES

      REAL               C1, C2, C3, C1R, C2R, C3R, CSR, CSI

      REAL               DIRRX, DIRTX, ANGLEV, AV, DAV, DAH

      REAL               DAZI, DELE, ERPRT, PROTM, MAXFS

      REAL               HEFFX(36), DSEA_C, HEFFTX, HEFFRX

C

      DOUBLE PRECISION   LONGA, LATA, LONGB, LATB, DIST, PD

      DOUBLE PRECISION   DISBOR, DIRBOR

C

      LOGICAL            INFO2(20), INFO3(5), INFOA2, INFOA3

      LOGICAL            OFFDEY, VIENNA

C

C

C

      COMMON /COMDA/     LONGA, LATA, LONGB, LATB, ERROR, HDT, HRT,

     *                   CMODE, HEFFX, TIMPRO, HAT, HAR, PROTM, HT,

     *                   INFO2, INFO3, INFOA2, INFOA3, OFFDEY, VIENNA

      COMMON /CDATA/     HTI, HRI, HATI, HARI, AZITI, ELETI, MAXPOW,

     *                   TYOFAN, TANTH, TANTV, CHANOC, SEATEM, 

     *                   RSERVT, RSERVR, COOTX, COORX, TRAFRE, 

     *                   RECFRE, LANDF, SEAF, DSEA, MARAIN, VERSIO

      COMMON /NDATA/     HTT, HRT, PR, E0, EC, DSEA_C

      COMMON /CRDAT/     TANTHR, TANTVR, DEMRX, DEMTX, AZIRI, ELERI,

     *                   EPINP, TYOFAR, GAINAN, DP, COFFDI

      COMMON /NRDAT/     EP, MAXRA, ERPRT

      COMMON /ERGDAT/    AM, AMS, H1, DH, CDH, EL, ES, C1, C2, C3,

     *                   DIRRX, ANGLEV, DAV, DAH, TX_CLA,

     *                   RX_CLA, TX_CAC, RX_CAC, HEFFTX, HEFFRX

      COMMON /ER3DAT/    C1R, C2R, C3R, DF, CDF, EP0, CSR, CSI,

     *                   DIRTX, DAZI, DELE, AV

      COMMON /MOD5ND/    BORDIS, MAXFS, DISBOR, DIRBOR

      COMMON /MOD5CD/    LANDTO, LANDFR, COOBL

      COMMON /PROFDA/    DIST, PD, PN, PROF

      COMMON /TP/        TPATH

      COMMON /BP/        BPATH

C

C

C

C     Call of HCM_MS subroutine in FORTRAN 77 (no arguments, because all

C     values are in COMMON blocks!).

C

      CALL HCM_MS

C

Description of all values:

Name    Input/Output   Description
CHANOC  Input          Channel occupation (‘0’ or ‘1’),

                       column 10Z of the data exchange

SEATEM  Input          Sea temperature (‘C’ or ’W’)

TYOFAN  Input          Type of transmitter antenna (‘E’ or ‘I’)

                       column 8B2 of the data exchange (transmitter)

TYOFAR  Input          Type of receiver antenna (‘E’ or ‘I’)

                       column 8B2 of the data exchange (receiver)

COFFDI  Input          Correction factor according frequency difference

                       no input = two blanks (ASCII decimal 32),

                       input    = format ’99’ [dB]

LANDF   Output         Land-figure (name of ITU-R curves)

SEAF    Output         Sea-figure (name of ITU-R curves)

LANDTO  Input          Country code (ANNEX Table No. B1 of the Preface to

                       the INTERNATIONAL FREQUENCY LIST), country where

                       the calculation is pointing to

LANDFR  Input          Country code (ANNEX Table No. B1 of the Preface to

                       the INTERNATIONAL FREQUENCY LIST), country where

                       the transmitter is located in

                       column 4B of the data exchange (transmitter)

MARAIN  Input          Maximum range of harmful interference

                       no input = three blanks (ASCII decimal 32),

                       input    = format ‘999’ [km]

HTI     Input          Terrain height of transmitter site

                       no input = four blanks (ASCII decimal 32),

                       input    = format ‘9999’ [m]

                       column 4Z of the data exchange (transmitter)

HRI     Input          Terrain height of receiver site

                       no input = four blanks (ASCII decimal 32),

                       input    = format ‘9999’ [m]

                       column 4Z of the data exchange (receiver)

HATI    Input          Antenna height above ground of the transmitter,

                       format = ‘9999’ [m]

                       column 9Y of the data exchange (transmitter)

HARI    Input          Antenna height above ground of the receiver,

                       format = ‘9999’ [m]

                       column 9Y of the data exchange (receiver)

GAINAN  Input          Gain of receiver antenna,

                       format = ’99.9’ [dB]

                       column 9G of the data exchange (receiver)

DP      Input          Depolarisation loss, format = ’99.9’ [dB]

AZITI   Input          Azimuth of the transmitter antenna,

                       format = ’999.9’ [degree]

                       column 9A of the data exchange (transmitter)

ELETI   Input          Elevation of the transmitter antenna,

                       format = ’(99.9’ [degree]

                       column 9B of the data exchange (transmitter)

RSERVT  Input          Radius of service area (transmitter),

                       format = ’99999’ [km], (0 = FB, > 0 = ML)

                       column 4D of the data exchange (transmitter)

AZIRI   Input          Azimuth of the receiver antenna,

                       format = ’999.9’ [degree]

                       column 9A of the data exchange (receiver)

ELERI   Input          Elevation of the receiver antenna,

                       format = ’(99.9’ [degree]

                       column 9B of the data exchange (receiver)

EPINP   Input          Permissible field strength,

                       no input = fife blanks (ASCII decimal 32),

                       input    = format ‘999.9’ [dBµV/m]

RSERVR  Input          Radius of service area (receiver),

                       format = ’99999’ [km], (0 = FB, > 0 = ML)

                       column 4D of the data exchange (receiver)

DSEA    Input          Distance over sea,

                       no input = fife blanks (ASCII decimal 32) ->

                                  automatic detection of distance over sea,

                       input    = format ‘999.9’ [km] -> this distance is

                                  taken into account, no automatic

                                  detection!

VERSIO  Output         Version of the HCM module (text, 5 characters)

MAXPOW  Input          Maximum radiated power, format ‘(999.9’ [dBW]

                       column 8B1 of the data exchange (transmitter)

TANTH   Input          Type of antenna horizontal (transmitter),

                       column 9XH of the data exchange (transmitter)

TANTV   Input          Type of antenna vertical (transmitter),

                       column 9XV of the data exchange (transmitter)

TANTHR  Input          Type of antenna horizontal (receiver),

                       column 9XH of the data exchange (receiver)

TANTVR  Input          Type of antenna vertical (receiver),

                       column 9XV of the data exchange (receiver)

DEMRX   Input          Designation of emission (receiver)´

                       column 7A of the data exchange (receiver)

DEMTX   Input          Designation of emission (transmitter)´

                       column 7A of the data exchange (transmitter)

TRAFRE  Input          Transmitter frequency

                       column 1A of the data exchange (transmitter)

RECFRE  Input          Receiver frequency

                       column 1Y of the data exchange (receiver)

COOTX   Input          Geographical co-ordinates of the transmitter, 

                       column 4C of the data exchange (transmitter)

COORX   Input          Geographical co-ordinates of the receiver, 

                       column 4C of the data exchange (receiver)

COOBL   Output         Geographical co-ordinates of the (border-) line

                       point with the greatest field strength,

                       (format like column 4C of the data exchange)

                       only set if negative CMODE

TPATH   Input          Full path of the directory for terrain data,

                       example: ‘C:\TOPO’

BPATH   Input          Full path of the directory for line data,

                       example: ‘C:\BORDER’

ERROR   Output         Error value (see list, 0 if there is no error)

CMODE   Input          Number of calculation mode (range = -7 to +8),

                       see list

HTT     Output         Height of the transmitter site from the

                       terrain database

HRT     Output         Height of the receiver site from the

                       terrain database

HAT     Output         Height of transmitter antenna used for calculation

HAR     Output         Height of receiver antenna used for calculation

PN      Output         Number of terrain profile points (including 

                       transmitter- and receiver site)

PROF    Output         Field of terrain profile heights (34000 values,

                       PN are used)

BORDIS  Input          Distance to the borderline ( 0 if calculation is

                       performed on the border line, positive value X if

                       calculating on the X-km line, any negative value for

                       calculation of the maximum cross border range),

                       only used for negative CMODE

TIMPRO  Output         Time percentage used for selecting the ITU-R curves,

                       only set in case of ITU-R method,

                       possible values are 1, 10 or 50

HT      Output         height of transmitter station above sea level (if

                       an input value is available, this value is used, if

                       no input value is present, HT is the height coming

                       from the terrain database

PR      Output         Radiated power in the direction of the receiver

E0      Output         Free space field strength

EC      Output         Calculated field strength

HDT     Output         Height of transmitter antenna above sea level

HDR     Output         Height of receiver antenna above sea level

CSI     Output         Channel spacing of the transmitter

EP      Output         Permissible field strength

MAXRA   Output         Maximum range of harmful interference (from table in

                       Annex 1 of VA93 or from input value) [km]

EP0     Output         Permissible field strength of table in Annex 1 of

                       VA93 [dBµV/m]

TX_CLA  Output         Transmitter clearance angle [degree]

RX_CLA  Output         Receiver clearance angle [degree]

TX_CAC  Output         Transmitter clearance angle correction factor

                       [dB]

RX_CAC  Output         Receiver clearance angle correction factor [dB]

AM      Output         Loss of main obstacle in case of Deygout method [dB]

AMS     Output         Loss of second obstacle in case of Deygout method

                       [dB]

H1      Output         Effective antenna height used in the ITU-R method

                       to determine the field strength [m]

DH      Output         Delta height (terrain irregularity) used in the

                       ITU-R method [m]

CDH     Output         Correction factor according DH (terrain

                       irregularity) [dB]

DF      Output         Delta frequency (difference between transmitter- and

                       receiver. frequency) [kHz]

CDF     Output         Correction factor according delta frequency [dB]

EL      Output         Land field strength in case of ITU-R method [dBµV/m]

ES      Output         Sea field strength in case of ITU-R method [dBµV/m]

C1      Output         Correction factor according transmitter horizontal

                       antenna pattern [dB]

C2      Output         Correction factor according transmitter vertical

                       antenna pattern [dB]

C3      Output         Correction factor according transmitter type of

                       antenna (‘E’ or ‘I’) [dB]

C1R     Output         Correction factor according receiver horizontal

                       antenna pattern [dB]

C2R     Output         Correction factor according receiver vertical

                       antenna pattern [dB]

C3R     Output         Correction factor according receiver type of

                       antenna (‘E’ or ‘I’)

CSR     Output         Channel spacing of receiver [kHz]

CSI     Output         Channel spacing of transmitter [kHz]

DIRRX   Output         Direction from transmitter to receiver [degree]

DIRTX   Output         Direction from receiver to transmitter [degree]

ANGLEV  Output         Angle vertical from transmitter to receiver [degree]

AV      Output         Angle vertical receiver to transmitter [degree]

DAV     Output         Difference angle vertical (ANGLEV - elevation angle)

                       [degree]

DAH     Output         Difference angle horizontal (DIRRX - azimuth)

                       [degree]

DAZI    Output         Difference angle horizontal (DIRTX - azimuth)

                       [degree]

DELE    Output         Difference angle vertical (AV - elevation angle)

                       [degree]

ERPRT   Output         ERP of reference transmitter (from table in Annex1

                       of VA93) [dBW]

PROTM   Output         Protection margin (permissible field strength -

                       predicted field strength) [dB]

MAXFS   Output         Maximum field strength at the (border-) line

                       [dBµV/m]

HEFFX   Output         Effective antenna heights in 10 degree steps

                       (36 values) [m]

DSEA_C  Output         Distance over sea (calculated or from input value)

                       [km]

HEFFTX  Output         Effective antenna height of transmitter [m]

HEFFRX  Output         Effective antenna height of receiver [m]

LONGA   Output         Longitude of transmitter in decimal form

LATA    Output         Latitude of transmitter in decimal form

LONGB   Output         Longitude of receiver in decimal form

LATB    Output         Latitude of receiver in decimal form

DIST    Output         Distance between transmitter and receiver [km]

PD      Input          Point distance (grid) of the terrain profile [km],

                       for normal HCM this value is set to 0.1 (100 m),

                       the minimum is 0.03 (30 m)

DISBOR  Output         Distance to the (border-) line point [km]

DIRBOR  Output         Direction to the (border-) line point [degree]

INFO2   Output         Information field (20 values)

INFO3   Output         Information field (5 values)

INFOA2  Output         TRUE if transmitter antenna is ‘999XX99’

INFOA3  Output         TRUE if receiver antenna is ‘999XX99’

OFFDEY  Input          Switch of the Deygout method (if TRUE, Deygout

                       method is switched off)

VIENNA  Output         Logical variable; if TRUE, calculations

                       are performed according Vienna Agreement,

                       if FALSE, calculations are performed according

                       relevant CEPR recommendations
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Radius of the earth at the equator:	6378.137 km


Radius at the poles:		6356.752 km


Weighted radius of the earth R:	6371.0 km








� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





� EMBED Visio.Drawing.5  ���





Developed by the Sub Working Group Mobile Services





Revision 5





September 1999








PAGE  
9
VA93 TWG-HCM DOCUMENTATION, Version 5 (30/09/1999) 


[image: image143.wmf]Start

Distance between Tx

and Rx > 15 km

            d

2

 = 15 km

            d

1

 = 1 km

        d

2

 = distance

        d

1

 = 1 km

Build the sum of all profile heights

from d

1

 to d

2

Calculate average height above sea

level

h

m

 = (sum) / (number of profile heights)

h

eff 

(tx)

 = h

Tx

 + height of Tx antenna - h

m

Get height of Tx site h

Tx

End

no

yes

Calculation of effective height Tx (chp. 2.5.2.1)

h

eff(Tx)

 > 0

yes

no

h

eff(Tx)

 = 0

[image: image144.wmf]Calculation of effective height Rx (chp. 2.5.2.2)

Start

Distance between Tx

and Rx > 15 km

  d

2

 = distance - 15 km

  d

1

 = distance - 1 km

    d

2

 = 0

    d

1

 = distance - 1 km

Build the sum of all profile heights

from d

1

 to d

2

Calculate average height above sea

level

h

m

 = (sum) / (number of profile heights)

h

eff 

(Rx)

 = h

Rx

 + height of Rx antenna - h

m

Get height of Rx site h

Rx

End

no

yes

[image: image145.wmf]Calculating the permissible field strength taking into

account k

D

f and receiving antenna characteristics

(chp. 3.2)

Start

Calculation of antenna correction factors

C

1

, C

2

 and C

3

(

horizontal pattern) (vertical pattern) (type of antenna)

Calculation of the total antenna

 directivity attenuation

C =  

Ö

(C

1

2

 + C

2

2

)

if  C > 40 dB  then C = 40 dB

Calculation of the permissible

field strength

E

p

 = E

p

 - G

2

 + C + C

3

 + p +k

D

f

End

[image: image146.wmf]Calculation of the terrain irregularity

and its correction factor (chp. 2.5.4)

Start

End

D

h = 50 m

Is distance > 10 km

and distance over

 sea < distance

yes

no

Vienna ?

yes

no

DH_ITU

Calculate

 

D

h according

 to CEPT

recommendations

DH_VIE

Calculate 

D

h according

 to

Vienna method

C_DH_C

Calculate the correction

factor k

D

h

[image: image147.wmf]Calculation of the field strength including mixed path

propagation (chp. 2.5.5)

End

Start

h

1

 < 37.5

or

 h

1 

>1200 m

Calculate E

land

(h

1 

outside range 37.5 - 1200 m)

(chp. 2.5.5.1)

d

sea

 = 0

E

sea

 = 0

no

yes

d

sea

 

³

 10 km

Calculate E

sea

(h

1

 outside range 37.5 - 1200 m)

(chp. 2.5.5.2)

d

sea

 = 0

E

sea

 = 0

d

sea

 

³

 10 km

yes

yes

no

no

Calculation of the mixed path

field strength (chp. 2.5.5.3)

GET_E

Calculate field

strength from

curves

E

land

(h

1

;d

)

GET_E

Calculate field

strength from

curves

E

sea

(h

1

;d

)

GETFIG

Select the correct

ITU-R figures

(land and sea)

[image: image148.wmf]Calculation of the mixed path field strength

(chp. 2.5.5.3)

Start

d

sea 

= 0

yes

E = E

land

no

End

E = E

land

 + d

sea

 / d * (E

sea 

- E

land

)

no

Vienna ?

yes

frequency >

 300 MHz

and T% =1

E = E

l,t 

+ E

s,t

no

yes

E

l,t

= E

land

 *(d -d

sea

)/ d

E

s,t

 = E

sea

 * d

sea

/ d

Find A from

curves

E = E

l,t

 + A * (E

s,t

 - E

l,t

)

[image: image149.wmf]Calculate E

sea

 (h

1

 outside range 37.5 - 1200m) (chp. 2.5.5.2)

End

Start

d 

³

 4.1

Ö

h

1

d1=d + 142 - 4.1

Ö

h

1

 

(Vienna)

d1=d + 140 - 4.1

Ö

h

1

 (non Vienna)

no

yes

h

1 

< 37.5 m

d1=d + 25 - 4.1

Ö

h

1

d1 = d

d2 =4.1

Ö

h

1

d3 = 142 (Vienna)

d3 = 140 (non-Vienna)

h1 < 37.5 m

  d1 = d

  d2 = 4.1

Ö

h

1

  d3 = 25

yes

yes

no

no

E = E1 - E2 + E3

GET_E

Calculate field

strength from

curves

E(1200;d1)

GET_E

Calculate field

strength from

curves

E1: (37.5;d1)

E2: (37.5;d2)

E3: (37.5;d3)

GET_E

Calculate field

strength from

curves

E1: (1200;d1)

E2: (1200;d2)

E3: (1200;d3)

GET_E

Calculate field

strength from

curves

E(37.5;d1)

[image: image150.wmf]Applying correction factors

(chp. 2.5.6)

End

Start

Vienna ?

yes

no

Correction factor for h2

according to frequency

and distance

no

h2 < 10 m

yes

Correction according

the actual used power

E = E - 30 + PR

Apply correction factor

according to the

frequency range

[image: image151.wmf]Height of Rx above sea level (chp. 2.1)

Start

Compare height of input

with terrain data

POINTH

Reading height of a

given point from the

terrain database

Is there an input

value for Rx height

Are they equal ?

Use terrain data

Use input data

Info 15

Is the difference

 1m or less than 10% ?

Info 4

yes

no

yes

no

yes

no

End

[image: image152.wmf]Subroutine Harmonized Calculation Method

for Mobile Service (chp.1)

Interface to the

surrounding

program

 (input values)

Check input values and

prepare settings

(chp. 1.1)

Line calculation ?

Interface to the

surrounding

program

(output values)

yes

no

LINE_C

Calculation of the max.

field strength on a line

  FS (chp. 4)

FS_CAL

Calculation of the

 field strength EC

(chp. 2)

P_FS_C

Calculation of the

 perm. interference

 field strength EP

(chp. 3)

FS_CAL

[image: image153.wmf] P_FS_C

Calculation of the permissible interference

field strength EP (chp. 3)

Calculate 

D

f

Start

Input

value for

k

D

f available

Determine k

D

f

depending on the

calculation mode

(chapter 3.1)

no

Calculating the permissible field

strength taking into account k

D

f and

receiving antenna characteristics

(chapter 3.2)

yes

End

[image: image154.wmf]Start

Line calculation ?

Set the vertical

angle to zero

Calculation of the

vertical angle

DIRECT

Calculation of the

azimuth from one

point to another point

Calculation of the

vertical ant. correction

(chp. 2.2.1)

Calculation of the

horizontal ant. correction

(chp. 2.2.2)

Determination of the

correction factor for the

reference antenna

Calculation of the total

antenna loss

Calculation of the power

in the direction of RX

Calculation of the free

space field strength

End

no

yes

Calculation of the free space field strength (chp. 2.2)

[image: image155.wmf]Check input values and prepare

settings (chp. 1.1)

End

Compare height of input

with terrain data

POINTH

Reading height of a

given point from the

terrain database

Is there an input

value for Tx height

Are they equal ?

Use terrain data

Use input data

Info 14

I

s the difference

 1m or less than 10% ?

Info 2

yes

no

yes

no

yes

no

Start

Check input values

Cmode = -7,-1,0,7 or 8 ?

no

yes

"Vienna" = true

"Vienna" = false

[image: image156.wmf]Calculation of the horizontal antenna correction  (chp. 2.2.2)

Start

Set the horizontal antenna

correction to 0

Type of antenna

horizontal:

 non-directional ?

Horizontal antenna

correction is equal to

calculated loss

Calculation of the

difference between

azimuth and horizontal

angle

ANTENN

Calculation of the gain

of a directive antenna

in a given direction

End

yes

no

[image: image157.wmf]Calculation of curvature

of the earth and adding

it to the terrain height

Start

Addition of morphologic

height

Calculation of the

clearance height below

the line of sight

Calculation of the radii

of the 1st order Fresnel

zone

Calculation of the

differences between the

Fresnel zone and the

clearance height

End

Calculation of the 1st order

Fresnel zone (chp. 2.3)

[image: image158.wmf]Calculation of the field strength according

to the Deygout method (chp. 2.4)

Start

Info 7

Both Fresnel

zones are free

Calculation of the

field strength for

 1 obstacle

Determination of the

main obstacle M1

Calculation of the two

new Fresnel zones

 (Tx-M1; M1-Rx)

Path between

Tx-M1 is free

Path between

M1-Rx is free

Determination of the 2nd

obstacle M2 (2nd obstacle

between M1 and Rx)

Calculation of the two

new Fresnel zones

(M1-M2;M2-Rx)

 Both path's

between M1-M2 and

M2-Rx are free

info 9

no

info 8

no

no

Info 13

Calculation of field

strength for 2 obstacles

End

yes

yes

yes

yes

no

no

Exit to the ITU-R

 calculation method

Determination of the 2nd obstacle M2

(2nd obstacle is between Tx and M1)

Calculation of the two

new Fresnel zones

(Tx-M2;M2-M1)

 Both path's

between Tx-M2 and

M2-M1 are free

Info 10

yes

[image: image159.wmf]Determination of the clearance angle and

 its correction factor  (chp. 2.5.1)

Is

Rx a fixed station and

Cmode >= 0

CLEARC

Calculation of the

clearance angle

correction factor

Calculation of the Rx

clearance angle according

to Annex 5 of the VA99

(chp. 2.5.1.2)

yes

Vienna ?

Rx clearance angle and its

correction factor

are set to 0

CLACOF

Calculation of the clearance

angle and its correction

factor according to the

CEPT method

no

End

Rx clearance

angle

 ³

 0

yes

yes

no

Rx clearance angle

correction factor is

set to 0

no

Start

Is

Tx a fixed station and

Vienna = true

Calculation of the Tx clearance

angle according to Annex 5 of

the VA99

(chp. 2.5.1.1)

Tx clearance angle and its

correction factor are

set to 0

yes

no

CLEARC

Calculation of the

clearance angle

correction factor

Tx

clearance angle

 ³

 0

yes

Tx clearance angle

correction factor is

 set to 0

no

[image: image160.wmf]Calculation of the field strength

according to the ITU-R method

 (chp. 2.5)

Start

Determination of the clearance angle

and its correction factor (chp. 2.5.1)

Calculation of the distance over sea

(chp. 2.5.3)

Calculation of the terrain irregularity

and its correction factor

(chp. 2.5.4)

Calculation of the field strength

including mixed path propagation

(chp. 2.5.5)

Applying correction factors

 (chp. 2.5.6)

End

Determination of the effective

antenna height (chp. 2.5.2)

[image: image161.wmf]Start

DISTAN

calculation of the

distance between two

points (Tx and

receiving point)

Line calculation ?

Height of Rx above sea

level (chp. 2.1)

Calculation of free space

field strength (chp. 2.2)

Distance < 1 km

PROFIL

Determination of the

terrain profile between

two points (Tx and

receiving point)

no

yes

1

st order Fresnel

zone is free

switch off

 Deygout

Line calculation ?

Calculation of the field

strength according to

the ITU-R method

 (chp 2.5)

yes

yes

no

no

no

End

(calculated field strength)

yes

no

Calculation of the 1st

order Fresnel zone (chp.

2.3)

no

yes

FS_CAL subroutine (chp. 2)

Calculated field strength

= free space field

strength

Calculation of the field

strength according to the

Deygout method (chp. 2.4)

Deygout allowed ?

yes

no

[image: image162.wmf]LINE_C

Calculation of the max. field strength

on a line FS (chp. 4)

Start

End reached ?

Calculate distance to

centerpoint

yes

no

yes

no

Calculate field strength

at the centre point

(chp. 4.2)

Calculate interference

range (INTRA)

 (chp. 4.1)

Select line

Read line data

Line data

Distance <

interference

range

Keep 3 highest field

strength

End

Are there

center points to be

 regarded ?

Max field strength =

-999.9

no

yes

Find maximum field

strength

FS_CAL

Calculation of the

field strength

(chp. 2)

Calculate distance and

direction from Tx to the

selected point

[image: image163.wmf]Calculation of the effective antenna heights

in 10 degree steps

(Chapter 4.1.1)

Start

is angle 360

degrees?

restore old point

distance

no

New point

yes

Set point distance to 500 m

and save old

angle = 0 degrees

End

PROFIL

Determination of the terrain

profile between two points

(Tx and receiving points)

Calculate h

eff

angle = angle + 10 degrees

[image: image164.wmf]Calculate interference range (INTRA)

(chp. 4.1)

Start

mixed path

(d

sea  

³ 

10.0)

yes

no

yes

no

Calculate interference

range

Tx

 Freq 

£ 

300

MHz

INTRA = INTRA *CO

End

Is transmitter a

mobile station

yes

no

T% =1

T% =1

CO = 1.5

CO = 3.5

CO = 3.25

CO = 9.0

INTRA = INTRA + 5 km

Cross

 border range

calculations

 (MCR)

INTRA = INTRA - MCR

yes

yes

yes

no

no

no

Set max. eff. ant.

height to 3 meters

Calculation of effective

antenna heigths in 10

degree steps

Chp 4.1.1

Selection of the

maximum affective

antenna height

[image: image165.wmf] Calculate field strength (chp. 4.2)

Start

Cross

border range

calculation

Calculate distance and

direction to line point

no

FS_CAL

Calculation of the field strength

(chp. 2)

yes

End

Calculate the receiving

point

[image: image166.wmf]ANTENN

Calculation of the gain of a directive

antenna in a given direction (chp. 5.1)

Start

Divide the antenna type in

three parts

Convert leading and trailing

part

End

Calculate antenna correction factor

Check if leading part is valid

according to the type

[image: image167.png]teceiving point

centieof
the earth



[image: image168.png]E2|

— _E1

d1

E3

dz2

43

h13

h12

hil



[image: image169.wmf]CLEARC

Calculation of the clearance angle

correction factor

 (chp. 5.4)

Start

End

f > 300 MHz

Use UHF formula

no

yes

Use VHF formula

[image: image170.wmf]C_DH_C

Calculate the correction factor k

D

h

(chp. 5.2)

Start

Input 

D

h, d, f

End

f > 300

Figure 2 of appendix

3 to annex 5 of

VA99

no

yes

Figure 1 of appendix

3 to annex 5 of VA99

k

D

h determination

[image: image171.wmf]CLACOF

Calculation of the clearance angle

and its correction factor according to

the CEPT method

(Chapter 5.3)

Start

yes

Distance > 16 km

no

Calculate all Rx

elevation angles taking

into account the

distance from Tx to Rx

Calculate all Rx

elevation angles taking

into account the

distance from

(Rx - 16 km) to Rx

Rx clearance angle =

minimum of all Rx

elevation angles

Calculate Rx clearance

angle correction factor

End

[image: image172.wmf]DH_ITU

Calculate 

D

h according to CEPT

recommendations (Ch 5.5)

Start

End

d > 50 km

D

h = 50 m

no

yes

d2 = d

d2 = 50 km

d > 10 km

no

yes

Sort all profile heights

Cut extremes of the

elements

Determine

 D

h

[image: image173.wmf]DISTAN

Calculation of the distance between

two points (Tx and receiving point)

(Chapter 5.8)

Start

yes

Are coordinates

equal?

End

no

Distance = 0 km

Calculate distance

[image: image174.wmf]DH_VIE

Calculate 

D

h according to Vienna

method (Ch 5.6)

Start

End

d > 50 km

D

h = 50 m

no

yes

Select all profile points from

4.5 km to 25 km

Select all profile heights from

4.5 km to (distance - 4.5 km)

d > 10 km

no

yes

Sort all selected profile

heights

Cut extremes of the

elements

Determine 

D

h

Select additionaly all profile

points from (distance -25 km)

to (distance - 4.5 km)

[image: image175.wmf]DIRECT

Calculation of the azimuth from one

point to another point

(Chapter 5.7)

Start

Is longitude of A =

longitude of B

yes

no

Determine angle

yes

Is latitude of A >=

latitude B

Azimuth =

360° - angle

Azimuth = 0°

Difference between

longitudes < 180°

longitude B >=

longitude A

Azimuth =

360° - angle

Azimuth = 180°

no

yes

no

longitude B <

longitude A

yes

no

no

yes

End

Azimuth = angle

[image: image176.wmf]Calculate E

land

 (h

1

 outside range 37.5 - 1200m) (chp. 2.5.5.1)

End

Start

d 

³

 4.1

Ö

h

1

d1=d + 142 - 4.1

Ö

h

1

 

(Vienna)

d1=d + 140 - 4.1

Ö

h

1

 (non Vienna)

no

yes

h

1 

< 37.5 m

d1=d + 25 - 4.1

Ö

h

1

d1 = d

d2 =4.1

Ö

h

1

d3 = 142 (Vienna)

d3 = 140 (non-Vienna)

h1 < 37.5 m

  d1 = d

  d2 =4.1

Ö

h

1

  d3 = 25

yes

yes

no

no

E = E1 - E2 + E3

GET_E

Calculate field

strength from

curves

E(1200;d1)

GET_E

Calculate field

strength from

curves

E1: (37.5;d1)

E2: (37.5;d2)

E3: (37.5;d3)

GET_E

Calculate field

strength from

curves

E1: (1200;d1)

E2: (1200;d2)

E3: (1200;d3)

GET_E

Calculate field

strength from

curves

E(37.5;d1)

E

land 

= E 

+  k

q

Tx

 + k

q

Rx

 - k

D

h

E

land 

> E

free space

E

land

 = E

free space

yes

no

[image: image177.wmf]GET_E

Calculate field strength from curves

(chp. 5.9)

Start

Reading the field strengths of

the surrounding points

Interpolation

End

[image: image178.wmf]POINTH

Reading height of a given point from

the terrain database

(Chapter 5.12)

Start

Is block in

memory?

yes

no

End

Read block to

memory

Determine the heights of

4 grid points nearest to

the given point

Interpolate

Calculate

1. filename with path

2. resolution

from coordinates of point

Calculate the datablock

number (1...144) from

the coordinates

[image: image179.wmf]PROFIL

Determination of the terrain profile

between two points (Tx and receiving

point) (chp. 5.13)

Start

Calculate the distance from Tx

to receiving point

Set height of Tx

Calculate the azimuth from Tx

to receiving point

End

End reached?

Set height of

receiving point

no

yes

Calculate coordinates

of next point

Set height of

profile point

Calculate the distance

from Tx to the next point

POINTH

Reading height

of a given point

from the terrain

database

POINTH

Reading height

of a given point

from the terrain

database

POINTH

Reading height

of a given point

from the terrain

database

_978184688

_999949023.vsd
Start�

Determination of the clearance angle and its correction factor (chp. 2.5.1)�

Determination of the effective antenna height (chp. 2.5.2)�

Calculation of the distance over sea 
(chp. 2.5.3)�

Calculation of the terrain irregularity and its correction factor
(chp. 2.5.4)�

Calculation of the field strength including mixed path propagation
(chp. 2.5.5)�

Applying correction factors
 (chp. 2.5.6)�

End�

Calculation of the field strength according to the ITU-R method
 (chp. 2.5)�


_999956932.vsd
Tx bandwith
>
100 kHz�

Start�

Determine kDf from table taking into
 account Cmode and Df�

Tx = GSM�

End�

Determination of kDf according
 to CEPT T/R 20-08 (GSM 900) (chp 3.1.2)�

Rx = GSM�


_1000204002.unknown

_1000204011

_1000204020.unknown

_1000204025.unknown

_1000204027.unknown

_1000204029.unknown

_1000204022.unknown

_1000204016.unknown

_1000204018.unknown

_1000204013.unknown

_1000204007.unknown

_1000204009.unknown

_1000204004.unknown

_1000189413.vsd
Start�

Use UHF formula�

f > 300 MHz�

no�

yes�

End�

Use VHF formula�

CLEARC
Calculation of the clearance angle correction factor (chp. 5.4)�

�


_1000203993.unknown

_1000203998.unknown

_1000204000.unknown

_1000203995.unknown

_1000190476.vsd
Start�

Distance = 0 km�

Calculate distance�

End�

yes�

DISTAN
Calculation of the distance between two points (Tx and receiving point)
(Chapter 5.8)�

no�

Are coordinates equal?�


_1000195611.vsd
Calculation of antenna correction factors
C1, C2 and C3 
(horizontal pattern) (vertical pattern) (type of antenna)�

Start�

Calculation of the total antenna
 directivity attenuation
C =  �(C12 + C22)
if  C > 40 dB  then C = 40 dB �

Calculation of the permissible 
field strength 
Ep = Ep - G2 + C + C3 + p +kDf�

End�

Calculating the permissible field strength taking into account kDf and receiving antenna characteristics (chp. 3.2)�


_1000203990

_1000191192.vsd
Start�

Is block in memory?�

Calculate the datablock number (1...144) from the coordinates�

End�

Read block to memory�

yes�

Determine the heights of 4 grid points nearest to the given point�

no�

POINTH
Reading height of a given point from the terrain database
(Chapter 5.12)�

Calculate
1. filename with path
2. resolution
from coordinates of point�

Interpolate�


_1000194732.vsd
Start�

d � 4.1�h1�

GET_E
Calculate field strength from curves
E(1200;d1)�

d1=d + 25 - 4.1�h1�

h1 < 37.5 m�

GET_E
Calculate field strength from curves
E1: (1200;d1)
E2: (1200;d2)
E3: (1200;d3)�

d1=d + 142 - 4.1�h1 (Vienna)
d1=d + 140 - 4.1�h1 (non Vienna) �

d1 = d
d2 =4.1�h1
d3 = 142 (Vienna)
d3 = 140 (non-Vienna)�

E = E1 - E2 + E3�

h1 < 37.5 m�

  d1 = d
  d2 =4.1�h1 
  d3 = 25�

End�

no�

yes�

Calculate Eland (h1 outside range 37.5 - 1200m) (chp. 2.5.5.1)�

yes�

yes�

no�

no�

GET_E
Calculate field strength from curves
E1: (37.5;d1)
E2: (37.5;d2)
E3: (37.5;d3)�

GET_E
Calculate field strength from curves
E(37.5;d1)�

Eland = E +  kqTx + kqRx - kDh�

Eland > Efree space�

Eland = Efree space�

yes�

no�


_1000191387.vsd
Start�

Set height of receiving point�

POINTH Reading height of a given point from the terrain database�

End reached?�

POINTH Reading height of a given point from the terrain database�

no�

yes�

End�

Set height of profile point�

Calculate coordinates of next point�

PROFIL
Determination of the terrain profile between two points (Tx and receiving point) (chp. 5.13)�

Calculate the distance from Tx to receiving point�

Set height of Tx�

Calculate the azimuth from Tx to receiving point�

�

Calculate the distance 
from Tx to the next point�

POINTH Reading height of a given point from the terrain database�


_1000190854.vsd
Start�

End�

GET_E
Calculate field strength from curves (chp. 5.9)�

Reading the field strengths of the surrounding points�

Interpolation�


_1000190079.vsd
Start�

Dh = 50 m�

Sort all selected profile heights  �

Cut extremes of the elements�

d > 50 km�

Determine Dh�

d > 10 km�

no�

yes�

End�

Select all profile heights from 4.5 km to (distance - 4.5 km)�

no�

yes�

Select all profile points from 4.5 km to 25 km�

Select additionaly all profile points from (distance -25 km) to (distance - 4.5 km)�

DH_VIE
Calculate Dh according to Vienna method (Ch 5.6)�


_1000190343.vsd
Start�

Difference between longitudes < 180��

Is longitude of A = 
longitude of B�

Azimuth = 
360� - angle�

Azimuth = 0��

longitude B < longitude A�

longitude B >= longitude A�

Is latitude of A >= 
latitude B�

Azimuth = 
360� - angle�

Determine angle�

yes�

Azimuth = 180��

no�

yes�

no�

yes�

no�

End�

no�

Azimuth = angle�

DIRECT
Calculation of the azimuth from one point to another point
(Chapter 5.7)�

no�

yes�

yes�


_1000189551.vsd
Start�

Dh = 50 m�

Sort all profile heights �

Cut extremes of the elements �

d > 50 km�

Determine Dh�

d > 10 km�

no�

yes�

End�

d2 = 50 km�

no�

yes�

d2 = d�

DH_ITU
Calculate Dh according to CEPT recommendations (Ch 5.5)�


_999957489.vsd
Calculate the receiving point�

Start�

Cross 
border range calculation�

Calculate distance and direction to line point�

no�

FS_CAL
Calculation of the field strength
(chp. 2)�

yes�

End�

 Calculate field strength (chp. 4.2)�


_1000189016.vsd
Start�

Figure 2 of appendix 3 to annex 5 of VA99�

f > 300�

no�

yes�

End�

kDh determination�

Figure 1 of appendix 3 to annex 5 of VA99�

C_DH_C
Calculate the correction factor kDh (chp. 5.2)�

Input Dh, d, f�

�


_1000189247.vsd
Start�

Calculate all Rx elevation angles taking into account the distance from Tx to Rx�

Calculate all Rx elevation angles taking into account the distance from 
(Rx - 16 km) to Rx�

Rx clearance angle =  minimum of all Rx elevation angles�

Calculate Rx clearance angle correction factor�

End�

yes�

CLACOF
Calculation of the clearance angle and its correction factor according to the CEPT method
(Chapter 5.3)�

no�

Distance > 16 km�


_1000188687.vsd
Start�

Check if leading part is valid according to the type�

End�

ANTENN
Calculation of the gain of a directive antenna in a given direction (chp. 5.1)�

Divide the antenna type in
three parts�

Convert leading and trailing part �

Calculate antenna correction factor�


_999957232.vsd
Start�

T% =1�

mixed path
(dsea  � 10.0)�

T% =1�

CO = 1.5�

CO = 3.5�

End�

CO = 3.25�

CO = 9.0�

yes�

yes�

no�

INTRA = INTRA *CO�

INTRA = INTRA + 5 km�

no�

yes�

Calculate interference range (INTRA) (chp. 4.1)�

Calculate interference range�

no�

Tx
 Freq � 300 MHz �

Cross
 border range calculations
 (MCR)�

INTRA = INTRA - MCR�

Is transmitter a mobile station�

yes�

yes�

yes�

no�

no�

no�

Set max. eff. ant. height to 3 meters�

Calculation of effective antenna heigths in 10 degree steps
Chp 4.1.1�

Selection of the maximum affective antenna height�


_999957290.vsd
End�

Start�

is angle 360 degrees?�

restore old point distance�

no�

New point�

PROFIL
Determination of the terrain profile between two points
(Tx and receiving points)�

yes�

Calculate heff�

Calculation of the effective antenna heights 
in 10 degree steps
(Chapter 4.1.1)�

angle = angle + 10 degrees�

Set point distance to 500 m and save old�

angle = 0 degrees�


_999957071.vsd
Start�

Max field strength =
-999.9�

End reached ?�

Calculate distance to centerpoint�

Are there
center points to be
 regarded ?�

no�

yes�

End�

FS_CAL
Calculation of the
field strength
(chp. 2)�

yes�

Find maximum field strength �

yes�

no�

Calculate field strength
at the centre point
(chp. 4.2)�

Keep 3 highest field strength�

Calculate distance and direction from Tx to the selected point�

no�

LINE_C
Calculation of the max. field strength on a line FS (chp. 4)�

Calculate interference range (INTRA)
 (chp. 4.1)�

Select line�

Read line data�

Line data�

Distance < interference 
range�


_999951982.vsd
Dh = 50 m�

Start�


Is distance > 10 km and distance over
 sea < distance�

DH_ITU
Calculate Dh according
 to CEPT recommendations�

DH_VIE
Calculate Dh according
 to 
Vienna method�

Vienna ?�

yes�

End�

yes�

no�

Calculation of the terrain irregularity 
and its correction factor (chp. 2.5.4)�

no�

C_DH_C
Calculate the correction factor kDh �


_999953264.vsd
Start�

Vienna ?�

Correction factor for h2
according to frequency and distance�

h2 < 10 m�

no�

yes�

Apply correction factor according to the 
frequency range   �

Correction according
the actual used power
E = E - 30 + PR�

End�

no�

yes�

Applying correction factors 
(chp. 2.5.6) �


_999953929.vsd
LINE_C
Calculation of the max. field strength on a line
  FS (chp. 4)
�

Interface to the surrounding program
 (input values)�

Check input values and prepare settings 
(chp. 1.1)�

Line calculation ?�

FS_CAL
Calculation of the
 field strength EC
(chp. 2)�

P_FS_C
Calculation of the
 perm. interference
 field strength EP
(chp. 3)�

Interface to the surrounding program 
(output values)�

FS_CAL�

yes�

no�

Subroutine Harmonized Calculation Method 
for Mobile Service (chp.1)�


_999954117.vsd
Start�

DISTAN
calculation of the distance between two points (Tx and receiving point)�

Line calculation ?�

Height of Rx above sea level (chp. 2.1)�

Calculation of free space field strength (chp. 2.2)�

Distance < 1 km�

Calculation of the 1st order Fresnel zone (chp. 2.3) �

PROFIL
Determination of the terrain profile between two points (Tx and receiving point)�

1st order Fresnel zone is free�

Calculation of the field strength according to the Deygout method (chp. 2.4)�

Calculated field strength = free space field strength�

switch off
 Deygout�

Line calculation ?�

�

no�

Deygout allowed ?�

yes�

FS_CAL subroutine (chp. 2)�

Calculation of the field strength according to the ITU-R method
 (chp 2.5)�

yes�

yes�

no�

no�

no�

yes�

End 
(calculated field strength)�

no�

no�

yes�

yes�

no�


_999956787.vsd
Input
Designation of emission
(Rx and Tx)
Delta frequency (Df)�

Start�

Determination of CSR�

Determination of CSI�

Figure 1 of Annex 3
of the VA�

Figure 2 of Annex 3
of the VA�

End�

kDf calculation�

Determination of kDf according
 to Vienna Agreement (chp 3.1.1)�

Error�

Error�

Is
CSR
12,5 kHz       25kHz

20kHz�

Figure 3 of Annex 3
of the VA�

Output
kDf�


_999954018.vsd
Start�

Compare height of input with terrain data�

POINTH
Reading height of a given point from the terrain database�

Is there an input value for Tx height�

Are they equal ?�

Info 2�

Use terrain data�

Use input data�

Info 14�

Is the difference
 1m or less than 10% ?�

yes�

no�

yes�

no�

yes�

no�

Check input values�

Cmode = -7,-1,0,7 or 8 ? �

no�

yes�

"Vienna" = true�

"Vienna" = false�

End�

Check input values and prepare settings (chp. 1.1)�


_999953594.vsd
Calculate Df�

Start�

Input
value for
kDf available
�

Determine kDf
depending on the calculation mode
(chapter 3.1)�

no�

Calculating the permissible field strength taking into account kDf and receiving antenna characteristics
(chapter 3.2)�

yes�

End�

 P_FS_C
Calculation of the permissible interference 
field strength EP (chp. 3)�


_999952715.vsd
Start�

d � 4.1�h1�

GET_E
Calculate field strength from curves
E(1200;d1)�

d1=d + 25 - 4.1�h1�

h1 < 37.5 m�

GET_E
Calculate field strength from curves
E1: (1200;d1)
E2: (1200;d2)
E3: (1200;d3)�

d1=d + 142 - 4.1�h1 (Vienna)
d1=d + 140 - 4.1�h1 (non Vienna) �

d1 = d
d2 =4.1�h1
d3 = 142 (Vienna)
d3 = 140 (non-Vienna)�

E = E1 - E2 + E3�

h1 < 37.5 m�

  d1 = d
  d2 = 4.1�h1 
  d3 = 25�

End�

no�

yes�

Calculate Esea (h1 outside range 37.5 - 1200m) (chp. 2.5.5.2)�

yes�

yes�

no�

no�

GET_E
Calculate field strength from curves
E1: (37.5;d1)
E2: (37.5;d2)
E3: (37.5;d3)�

GET_E
Calculate field strength from curves
E(37.5;d1)�


_999953128.vsd
Start�

dsea = 0�

E = Eland + dsea / d * (Esea - Eland) �

Vienna ?�

no�

yes�

frequency >
 300 MHz
and T% =1�

E = El,t + Es,t �

no�

yes�

El,t= Eland *(d -dsea)/ d
Es,t = Esea * dsea/ d�

Find A from curves�

E = Eland�

E = El,t + A * (Es,t - El,t)�

End�

no�

yes�

Calculation of the mixed path field strength 
(chp. 2.5.5.3) �


_999952124.vsd
Start�

h1 < 37.5 
or
 h1 >1200 m�

Calculate Eland
(h1 outside range 37.5 - 1200 m)
(chp. 2.5.5.1)  �

GET_E
Calculate field strength from curves
Esea(h1;d)�

GETFIG
Select the correct ITU-R figures 
(land and sea)�

Calculate Esea
(h1 outside range 37.5 - 1200 m)
(chp. 2.5.5.2)  �

dsea � 10 km�

dsea = 0
Esea = 0�

dsea = 0
Esea = 0�

Calculation of the mixed path field strength (chp. 2.5.5.3)  �

dsea � 10 km�

End�

no�

yes�

Calculation of the field strength including mixed path propagation (chp. 2.5.5)�

yes�

yes�

no�

no�

GET_E
Calculate field strength from curves
Eland(h1;d)�


_999950764.vsd
Determination of the effective antenna height (chp. 2.5.2)�

Start�

End�

Set h1 according to paragraph 3 of Annex 5 of the VA99 �

Vienna or
 Cmode � 0 ?�

yes�

h1 = effective height Tx�

no�

Is Tx a mobile station ?�

Only in case of Tx 
clearance angle � 0: 
calculation of effective
 height Tx (chp. 2.5.2.1) �

Set effective height Tx 
to 3m�

Is Rx a mobile station ?�

Set effective height Rx
 to 3m�

Only in case of Rx 
clearance angle � 0:
 calculation of effective 
height Rx (chp. 2.5.2.2) �

yes�

yes�

no�

no�


_999951554.vsd
Start�

Distance between Tx 
and Rx > 15 km�

  d2 = distance - 15 km
  d1 = distance - 1 km  �

    d2 = 0
    d1 = distance - 1 km  �

Build the sum of all profile heights from d1 to d2�

Calculate average height above sea level 
hm = (sum) / (number of profile heights)�

heff (Rx) = hRx + height of Rx antenna - hm�

Get height of Rx site hRx�

End�

no�

yes�

Calculation of effective height Rx (chp. 2.5.2.2)�


_999951837.vsd
Start�

Input value for 
distance over sea�

Distance over sea 
> 10 km�

Distance over sea 
= input value�

Distance over sea 
> distance�

Check all profile heights if 
they are 0 meters�

Add all parts of at least 
3 km continous 0 meter heights�

Distance over sea = 0�

yes�

Sum = distance over sea�

no�

no�

yes�

End�

no�

yes�

Calculation of the distance over sea (chp. 2.5.3)�

Distance between 
Tx and  Rx > 10 km�

Distance over sea 
= distance�

Info 16�

no�

yes�


_999951167.vsd
Start�

Distance between Tx 
and Rx > 15 km�

            d2 = 15 km
            d1 = 1 km  �

        d2 = distance
        d1 = 1 km  �

Build the sum of all profile heights from d1 to d2�

Calculate average height above sea level 
hm = (sum) / (number of profile heights)�

heff(Tx) > 0�

yes�

heff (tx) = hTx + height of Tx antenna - hm�

Get height of Tx site hTx�

no�

heff(Tx) = 0�

End�

no�

yes�

Calculation of effective height Tx (chp. 2.5.2.1)�


_999950106.vsd
Calculation of the Tx clearance angle according to Annex 5 of the VA99 (Chp. 2.5.1.1)�

Start�

Distance >= 16 km�

d2 = distance�

d2 = 16 km�

Calculation of all clearance angles from Tx to d2�

Clearance angle is minimum of all calculated angles�

End�

yes�

no�


_999950309.vsd
Calculation of the Rx clearance angle according to Annex 5 of the VA99 (Chp. 2.5.1.2)�

Start�

Distance >= 16 km�

d2 = 0�

d2 = distance - 16 km�

Calculation of all clearance angles from d2 to Rx�

Clearance angle is minimum of all calculated angles�

End�

yes�

no�


_999949186.vsd
Determination of the clearance angle and
 its correction factor  (chp. 2.5.1)�

Start�

Is 
Tx a fixed station and Vienna = true�

Calculation of the Tx clearance angle according to Annex 5 of the VA99 
(chp. 2.5.1.1)�

Tx clearance angle and its correction factor are 
set to 0�

Is 
Rx a fixed station and Cmode >= 0�

CLEARC
Calculation of the clearance angle correction factor �

Calculation of the Rx clearance angle according to Annex 5 of the VA99 (chp. 2.5.1.2)�

Vienna ?�

Tx 
clearance angle
 � 0�

Rx clearance angle and its correction factor 
are set to 0�

yes�

CLACOF
Calculation of the clearance angle and its correction factor according to the CEPT method �

Tx clearance angle correction factor is
 set to 0�

no�

Rx clearance 
angle � 0�

yes�

yes�

yes�

yes�

no�

no�

no�

Rx clearance angle correction factor is 
set to 0�

no�

End�

CLEARC
Calculation of the clearance angle correction factor �


_994069933.unknown

_994180868.unknown

_999946982.vsd
Start�

ANTENN
Calculation of the gain of a directive antenna in a given direction�

Type of antenna vertical: 
 non-directional ?�

Vertical antenna correction is equal to calculated loss�

Calculation of the difference between elevation and vertical angle �

Set the vertical antenna correction to 0�

End�

yes�

no�

Calculation of the vertical antenna correction (chp. 2.2.1)�


_999947451.vsd
Calculation of curvature of the earth and adding it to the terrain height �

Start�

Addition of morphologic height�

Calculation of the clearance height below the line of sight�

Calculation of the radii of the 1st order Fresnel zone�

Calculation of the differences between the Fresnel zone and the clearance height�

End�

Calculation of the 1st order 
Fresnel zone (chp. 2.3)�


_999947897.vsd
Start�

Info 7�

Calculation of the 
field strength for
 1 obstacle�

Both Fresnel 
zones are free�

Determination of the main obstacle M1�

Calculation of the two new Fresnel zones
 (Tx-M1; M1-Rx)�

Calculation of the two new Fresnel zones (Tx-M2;M2-M1)�

Path between 
Tx-M1 is free�

 Both path's between Tx-M2 and M2-M1 are free�

Path between 
M1-Rx is free�

Determination of the 2nd obstacle M2 (2nd obstacle
between M1 and Rx)�

Calculation of the field strength according to the Deygout method (chp. 2.4)�

Calculation of the two new Fresnel zones (M1-M2;M2-Rx)�

Determination of the 2nd obstacle M2
(2nd obstacle is between Tx and M1)�

 Both path's 
between M1-M2 and 
M2-Rx are free�

info 9�

info 8�

Exit to the ITU-R
 calculation method�

no�

no�

no�

Info 13�

Calculation of field strength for 2 obstacles�

Info 10�

End�

yes�

yes�

yes�

yes�

yes�

no�

no�


_999947172.vsd
Start�

Set the horizontal antenna correction to 0�

Type of antenna horizontal: 
 non-directional ?�

Horizontal antenna correction is equal to calculated loss�

Calculation of the difference between azimuth and horizontal angle �

ANTENN
Calculation of the gain of a directive antenna in a given direction�

End�

yes�

no�

Calculation of the horizontal antenna correction  (chp. 2.2.2)�


_999594345.unknown

_999946244.vsd
Start�

Compare height of input with terrain data�

POINTH
Reading height of a given point from the terrain database�

Is there an input value for Rx height�

Are they equal ?�

Use terrain data�

Use input data�

Info 15�

Is the difference
 1m or less than 10% ?�

Info 4�

yes�

no�

yes�

no�

yes�

no�

End�

Height of Rx above sea level (chp. 2.1)�


_999946404.vsd
Start�

Line calculation ?�

Set the vertical 
angle to zero�

Calculation of the vertical angle �

DIRECT 
Calculation of the azimuth from one point to another point�

Calculation of the
vertical ant. correction  (chp. 2.2.1)�

Calculation of the horizontal ant. correction  (chp. 2.2.2)�

Determination of the correction factor for the reference antenna �

Calculation of the total antenna loss �

Calculation of the power in the direction of RX �

Calculation of the free space field strength �

End�

version 2,  �!$; �!%@�

no�

yes�

Calculation of the free space field strength (chp. 2.2)�


_999932677.vsd
Start�

Determination of kDf
according to GSM 900�

Is
 Cmode
 0, 4 or 7�

Determination of kDf
according to VA�

Is
 Cmode
 1, 2 or 3�

no�

yes�

End�

yes�

Is
 Cmode
 5 or 6�

Determination of kDf
according to GSM 1800�

yes�

no�

Is
 Cmode
8�

Determination of kDf
according to Emergency Services�

no�

yes�

no�

Determine channel spacing of Rx and Tx�

Determine kDf depending on the calculation mode (chp. 3.1)�

Read bandwith from designation of emission for Rx and Tx�


_999524063.unknown

_999594344.unknown

_994181880.unknown

_994160732.unknown

_994165323.unknown

_994180679.unknown

_994165204.unknown

_994156909.unknown

_994157298.unknown

_994070770.unknown

_978184698.unknown

_993988667.unknown

_993991785.unknown

_993991833.unknown

_993991556.unknown

_978184700.unknown

_978184702.unknown

_978272136.doc
��������������������������������������



min (16km , d)







Antenna height above ground







Antenna height above ground







 







p







o







s







i







t







i







v







e







q







n







e







g







a







t







i







v







e







q 







T







e







r







r







a







i







n







 







c







l







e







a







r







a







n







c







e







 







a







n







g







l







e







q







q
















_978350541.unknown

_978184701.unknown

_978184699.unknown

_978184693.unknown

_978184695.unknown

_978184696.unknown

_978184694.unknown

_978184690.unknown

_978184692.unknown

_978184691.unknown

_978184689.unknown

_978184668.unknown

_978184677.unknown

_978184682.unknown

_978184686.unknown

_978184687.unknown

_978184685.unknown

_978184680.unknown

_978184681.unknown

_978184679

_978184672.unknown

_978184674.unknown

_978184676.unknown

_978184673.unknown

_978184670.unknown

_978184671.unknown

_978184669.unknown

_978184660.unknown

_978184664.unknown

_978184666.unknown

_978184667.unknown

_978184665.unknown

_978184662.unknown

_978184663.unknown

_978184661.unknown

_978184655.unknown

_978184658.unknown

_978184659.unknown

_978184657.unknown

_978184653

_978184654.unknown

_978184652.unknown

