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GENERAL

This Harmonized Calculation Method for the Fixed Service (HCM-FS) is part of the HCM-Agreement (Vilnius 2005). 

It deals with fixed point-to-point links, which may include one passive back-to-back antenna repeater.

The total TD in case of links with passive repeaters is a combination of direct and indirect (via repeater) propagation paths; the HCM software only calculates one relation (direct or indirect) at a time.

(calculations for plane reflector repeaters are not covered by the HCM-Agreement)

General note:

In this description (unless stated differently):


all angles are in degrees,


all heights are in metres,


all distances are in kilometres,

and


“Annex” is the Annex to this HCM-FS documentation,


“Annex to the HCM-Agreement” is the Annex to the HCM-Agreement (Vilnius 2005).

List of subroutines

The HCM-FS software consists of subroutines. Each subroutine is an independent file unless otherwise stated. The list of subroutines is:

- HCM_FS

main subroutine (called from a surrounding program)

- TEST_AND_READ_RECORDS

reads two or four records (Tx, Rx, or Tx, PRx, PTx, Rx)



and tests all required data

- DISTANCE

calculates the distance between two points

- DIRECTION

calculates the direction between two points

- CALCULATE_NFD

calculates the net filter discrimination NFD and MD

- CALCULATE_Tx_Area

calculates the Tx_Area (for MD calculation)

- CALCULATE_a_tot

calculates the transmission loss

- CALCULATE_OVERLAPPING_AREA

calculates the overlapping area (for NFD calculation)

- CALCULATE_a_ant

calculates the antenna attenuation



includes subroutine 
Attenuation_calculation

- CALCULATE_a_prop

calculates the propagation loss

- Path_profile_analysis

analysis the path profile

- Calculate_Lbd

calculates basic transmission loss



includes subroutines:
Calculate_Ld






Calculate_nu_max

- PROFILE

calculates a profile (heights or morphological data)

- Point_Height

reads the height of a point from the database

- Point_Type

reads the morphological information from database

Interface

The HCM-FS subroutine will be run with input and output data, which are defined in an interface. This interface is described in chapter 7.

Error codes

When an error occurs during the execution of a subroutine, an error code is generated and the subroutine HCM_FS terminates. A list of error codes and their description is given in chapter 8.
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Chapter 1: HCM-FS Overview

Interface to the surrounding program

The interface to the surrounding program consists of all input- and output data. It is described in Chapter 7.

Set all output values to 0

Initially the primary output TD (threshold degradation), the Error code and all informative output values (intermediate values like: NFD, distances, attenuations, angles ... ) are set to zero.

Test and read records

Two records, one for the transmitter (the interferer) and one for the receiver (the victim) are read and tested. In case of  a passive repeater (depending on flag PASSIVE) four records are read and tested (Tx-PRx-PTx-Rx). This process is described in detail in Chapter 2.

Is Error = 0 ?

Only if no error occurs during reading and testing of the records, the program continues.

Error = 0 means that all input data are given in the correct format and all mandatory data are available.

Possible error codes are listed in Chapter 8.

Is there a passive repeater ?

For passive repeaters (flag PASSIVE) some calculations have to be done twice (for each leg of the link) 

Calculate the distance(s) 

The distance between transmitter and receiver or transmitter and passive receiver or passive transmitter and receiver are calculated. This process is described in detail in Chapter 3.

If one distance = zero or more than 1000km the respective error code is set and the program terminates.

Calculate the horizontal and vertical angles 

The horizontal angles (azimuths) (Tx to Rx and Rx to Tx) or (Tx to PRx and PTx to Rx and Rx to PTx and PRx to Tx) are calculated. The method of calculating azimuth is described in detail in Chapter 4. 

The vertical angles (elevations) (Tx to Rx and Rx to Tx) or (Tx to PRx and PTx to Rx and Rx to PTx and PRx to Tx) are calculated using following formula (planar geometry only!):

Angle1_2 = ArcTan [ ( (S_H_2 + A_H_2) – (S_H_1 + A_H_1) ) / (1000 ( Dist) ]

where

Angle1_2
= vertical angle from point 1 to point 2 in degrees

ArcTan

= Arc Tangent

S_H_2

= height of the station site above sea level of point 2 in metre

A_H_2

= antenna height above ground of point 2 in metre

S_H_1

= height of the station site above sea level of point 1 in metre

A_H_1

= antenna height above ground of point 1 in metre

Dist

= distance from point 1 to point 2 in km

All heights are mandatory input (Annex 2B 4Z,9Y) 

Calculate MD and NFD and the overlapping area

This process calculates MD and NFD and the common parts of the filter masks (overlapping area) and is described in detail in Chapter 5.

Is overlapping area = 0 ?

If the overlapping area is 0, no further calculations are required (TD remains 0).

Calculate all antenna attenuations

This process calculates the antenna attenuations a_ant in case of no passive repeater and a_ant_Tx_PRx and a_ant_PTx_Rx in case of a passive repeater and is described in detail in Chapter 6.1.

Calculate the propagation losses

In case of no passive repeater the propagation loss a_prop is calculated. In case of a passive repeater (flag from “Test and read records”) the propagation losses between Tx and PRx (a_prop_Tx_PRx) and between PTx and Rx (a_prop_PTx_Rx) are calculated. This process is described in detail in Chapter 6.2.

Calculate the total attenuation a_tot

This process calculates the total attenuation according to the formulas for links with or without a passive repeater (flag PASSIVE) and is described in detail in Chapter 6.

Calculate the interference level I

The interference level I is calculated using formula:

I = PR – a_tot

where

I
= interference level in dBW

PR
= maximum available transmitter power in dBW

a_tot
= transmission loss (see Chapter 6)

Calculate the threshold degradation TD

The threshold degradation TD is calculated using formula:

TD = 10 ( Log (1 + 10 (I - N) / 10) )

where

TD
= threshold degradation in dB

I
= interference level in dBW

N
= receiver noise power level FkTB in dBW

Interface to the surrounding program

The interface to the surrounding program consists of all input- and output data. It is described in Chapter 7.
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Chapter 2: Test and read records part 1

Test, if first record is a Tx:

First it is tested, if the first record is a Tx. If not, the respective error code is set (Chapter 8) and the program terminates.

Test, if mandatory Tx data is available:

The availability of following Tx data is checked:

Tx frequency (1A)

Tx frequency unit (1A1)

Tx co-ordinates (4C)

Tx height of site above sea level (4Z)

Tx equipment manufacturer name (7H)

Tx equipment type (7I)

Tx power (8B)

Tx azimuth (9A)

Tx elevation (9B)

Tx polarization (9D)

Tx antenna height above ground (9Y)

Tx antenna gain (9X1)

If one of these parameters is missing, the respective error code (Chapter 8) is set and the program terminates.

For the following parameters default values are substituted by the program if they are not provided as input values:

Tx max. capacity of the link (7K):
X

Tx ATPC (8B3):


0.0

Tx branches and line losses (9L):

0.0

Are Tx antenna patterns present?:

If the following parameters are not provided as input value, the default values of  the HCM-Agreement are substituted for all patterns (according to antenna gain) from the file FS_DEFAULT_ANTENNA_DATA.TXT. This file has to be present in the DEFAULT_ANTENNADATA directory. If this file is missing, the respective error code (Chapter 8) is set and the program terminates. This process is described in detail in Chapter 2.1.

If patterns are provided as input data and are not complete, the respective error code (Chapter 8) is set and the program terminates.

Tx antenna copolar radiation pattern (part of 9X)

Tx antenna crosspolar radiation pattern (part of 9X)

Tx antenna copolar number of data (part of 9X)

Tx antenna crosspolar number of data (part of 9X)

Is Tx spectrum mask data present?:

If no Tx spectrum mask data (7G), is present, the default data according to the HCM-Agreement is substituted. This process is described in detail in Chapter 2.2.

Test, if Rx record is available:

It is tested, if the Rx record is available. If not, the respective error code is set (Chapter 8) and the program terminates.

Test if mandatory Rx data is present:

The availability of following Rx data is checked:

Rx frequency (1A)

Rx frequency unit (1A1)

Rx co-ordinates (4C)

Rx height of site above sea level (4Z)

Rx equipment manufacturer name (7H)

Rx equipment type (7I)

Rx azimuth (9A)

Rx elevation (9B)

Rx polarization (9D)

Rx noise power level FkTB (9H)

Rx antenna height above ground (9Y)

Rx antenna gain (part of 9X1)

If one of these parameters is missing, the respective error code (Chapter 8) is set and the program terminates.

For the following parameters default values are substituted by the program if they are not provided as input values:

Rx max. capacity of the link (7K):
X

Rx branches and line losses (9L):

0.0

Are Rx antenna patterns present?:
If the following parameters are not provided as input value, the default values of  the HCM-Agreement are substituted for all patterns (according to antenna gain) from the file FS_DEFAULT_ANTENNA_DATA.TXT. This file has to be present in the DEFAULT_ANTENNADATA directory. If this file is missing, the respective error code (Chapter 8) is set and the program terminates. This process is described in detail in Chapter 2.1.

If patterns are provided as input data and are not complete, the respective error code (Chapter 8) is set and the program terminates.

Rx antenna copolar radiation pattern (part of 9X)

Rx antenna crosspolar radiation pattern (part of 9X)

Rx antenna copolar number of data (part of 9X)

Rx antenna crosspolar number of data (part of 9X)

Is Rx spectrum mask data present?:

If no Rx spectrum mask data (7G), is present, the default data according to the HCM-Agreement is substituted. This process is described in detail in Chapter 2.2.

Read data (characters) and if required, convert to numbers: 

1A and 1A1 are used to calculate the frequency in GHz.

4C is converted to decimal latitude and longitude values.

4Z, 8B, 8B3, 9A, 9B, 9H, 9L, 9Y, 9X are checked and converted to numerical values.

Are Tx and Rx frequency in the range 1 – 39.5?:

If the frequency is outside the range of the HCM-Agreement, the respective error code (Chapter 8) is set and the program terminates.

Sort all spectrum mask data according to the frequency offset

For further calculations the attenuation data of the spectrum mask has to be sorted according to increasing order of the frequency offset.
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Chapter 2: Test and read records part 2

This flowchart describes the check of the input values for the passive repeater. The difference to part 1 is the absence of input values for:

frequencies, transmitter power, ATPC, equipment type data and spectrum mask data 

due to the passive nature of the station.
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Chapter 2.1: Subroutine DEFAULT_9X

In this subroutine the default antenna patterns are set up according to the antenna gain. 

Read antenna gain 9X1:

The value for the antenna gain is fetched from the input data.

Multiply antenna gain by 10 to get a number without decimal point:

To overcome problems with comparing floating point values, an integer representation (G1) of  the antenna gain is chosen.

Open file “FS_DEFAULT_ANTENNA_DATA.TXT”:

The file with the data of the default antenna patterns (according to Appendix 13 of Annex 2B of the HCM-Agreement) is opened. This file is provided together with the HCM-FS software and available on the website.

If this file is missing, the respective error code (Chapter 8) is set and the program terminates. 

Is end of file reached ?:

If the end of the file is reached without finding matching (G1=G2, see below) default antenna data, the respective error code (Chapter 8) is set, the file is closed and the program terminates. 

Read next line from file …:

One line contains all antenna pattern data for one antenna gain (in steps of 0.1 dB for gain). 

Multiply antenna gain by 10 to get a number without decimal point:

To overcome problems with comparing floating point values, an integer representation (G2) of  the antenna gain from the default data is chosen.

Is G1 = G2?:

If the antenna gain of the set of default values does not equals the antenna gain of the input, the next set of default data is read. 

Set GX:

To define the cross-polar antenna pattern, first the value of GX (attenuation value, relative to antenna gain) is set up according to the antenna gain.

Set co-polar antenna data according…:

The read set of default values is used for the co-polar antenna pattern. The attenuation values for the cross-polar pattern are set to GX  where the co-polar attenuation is less than GX. From this point the attenuation values from the co-polar pattern are used.
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 Chapter 2.2: Subroutine DEFAULT_7G

This subroutine determines the default spectrum mask according to Appendix 12 to Annex 2B of the HCM-Agreement.

Read frequency 1A and frequency unit 1A1:

These values are fetched from the input data.

Determine frequency band…:

Appendix 12 to Annex 2B of the HCM-Agreement only defines certain frequency bands where default spectrum mask data is available.

Is frequency in one of the frequency bands?:

If the frequency is outside the bands defined in Appendix 12 to Annex 2B of the HCM-Agreement, the respective error code (Chapter 8) is set and the program terminates.

Read channel spacing 7G3:

The channel spacing is read from input data.

Is channel spacing in list …?:

If the channel spacing is defined in Appendix 12 to Annex 2B of the HCM-Agreement, the spectrum mask is set up as defined, otherwise the respective error code (Chapter 8) is set and the program terminates.

The default values for the spectrum masks are stored in the HCM-FS software.
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Chapter 3: Calculate the distance between two points

Are co-ordinates the same ?

First it is tested, if the co-ordinates are equal.

Distance = 0:

If the co-ordinates are equal, the distance is set to 0 km.

Calculate the distance:

If the co-ordinates differ, the distance is calculated using following formula:

D = 111.2 ( ACos [Sin (LatA) ( Sin(LatB) + Cos(LatA)( Cos(LatB)( Cos(LongB - LongA)]

where

D

= distance in km

ACos

= Arc Cosine

Sin

= Sine

Cos

= Cosine

LatA

= Latitude of the first point

LatB

= Latitude of the second point

LongA

= Longitude of the first point

LongB

= Longitude of the second point

111.2 = great circle distance of 1 degree on the Earth surface in km

(all angles are in degrees)
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Chapter 4: Calculate the Azimuth

This process calculates the azimuth between two points.

Are longitudes of both points equal ?

If the longitudes of both points are equal, only a simple calculation is required to determine the azimuth, if not, additional calculations are needed.

Is latitude of first point >= latitude of second point ?

If the longitudes of both points are equal, this check is performed to determine, if azimuth is 0 or 180 degrees.

Azimuth = 180 degrees:

If the longitudes of both points are equal and the latitude of the first point is greater or equal to the latitude of the second point, the azimuth is set to 180 degrees.

Azimuth = 0 degree:

If the longitudes of both points are equal and the latitude of the first point is less than the latitude of the second point, the azimuth is set to 0 degrees.

Calculate the azimuth:

The azimuth is calculated using following formula:

Azi = ACos [( Sin (LatB) – ( Sin(LatA) ( Cos(D) ) ) / ( Cos(LatA)( Sin(D) ) ]

where

D = ACos [ ( Sin(LatA) ( Sin(LatB) ) + ( Cos(LatA) ( Cos(LatB) ) ( Cos(LongB - LongA) ]

and

Azi
= azimuth

ACos
= Arc Cosine

Sin
= Sine

Cos
= Cosine

LatA
= Latitude of the first point

LatB
= Latitude of the second point

LongA
= Longitude of the first point

LongB
= Longitude of the second point

(all angles are in degrees)

Is the difference between longitudes < 180 degrees ?

Different calculation steps are performed, whether the difference between the longitudes is less or greater than 180 degrees.

Is longitude of second point < longitude of first point ?

If the longitude of the second point is less than the longitude of the first point, the azimuth is modified.

Is longitude of second point >= longitude of first point ?

If the longitude of the second point is greater than or equals the longitude of the first point, the azimuth is modified

Azimuth = 360 degrees – Azimuth:

In both cases (see above), the Azimuth is modified.
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Chapter 5: Calculate NFD (and overlapping area)

The NFD value is required in any case. It may be taken from the value NFD1 or NFD2 or it has to be calculated. 

Is NFD1 or NFD2 useable?

If equipment manufacturer name, equipment type, NFD1, NFD2 and max. capacity of the link for Tx and Rx are equal and the frequency difference of Tx and Rx is one or two times the channel spacing, then the use of NFD1 or NFD2 is possible. 

Calculate NFD from NFD1 or NFD2 depending on the channel spacing

If the frequency difference of Tx and Rx is equal to the channel spacing, then NFD is set to NFD1. If the frequency difference of Tx and Rx is two times the channel spacing, then NFD is set to NFD2. 

The mask discrimination MD is not calculated because this value is included in NFD1 or NFD2.

Calculate symmetrical Tx and Rx spectrum masks

The masks are defined by the fields 

FT[ ] (frequency), t[ ] (attenuation) for the transmitter and

FR[ ] (frequency), r[ ] (attenuation) for the receiver

(example shown with 5 points, up to 6 are possible, a minimum of two is required, see Annexes 2B and 3B of the HCM-Agreement)
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The points of the symmetrical Tx spectrum mask are calculated.

The points of the symmetrical Rx selectivity mask are calculated. 

If for the Tx spectrum mask or the Rx selectivity mask the attenuation for the centre frequency is missing, it is set to zero. 

The result is shown in the following pictures: 
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Calculate overlapping area without frequency difference = O_Area_Co_Chan

The overlapping area of the transmitter spectrum mask and the receiver selectivity mask is calculated with the frequency difference of 0. This is the O_Area_Co_Chan.

This process is described in detail in Chapter 5.1.

Calculate overlapping area taking into account frequency difference

The overlapping area of the transmitter spectrum mask and the receiver selectivity mask is calculated taking into account frequency difference between transmitter and receiver.

This process is described in detail in Chapter 5.1.

Calculate NFD

The NFD value is calculated from O_Area_Co_Chan (overlapping area without frequency difference) and overlapping area (with frequency difference Rx-Tx) according to Annex 3B of the HCM-Agreement.

Calculate Tx_Area

The Tx_Area value is calculated. This process is described in Chapter 5.2.

Calculate MD

The MD value is calculated from Tx_Area and O_Area_Co_Chan (overlapping area without frequency difference) according to Annex 3B of the HCM-Agreement.
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Chapter 5.1: Calculate overlapping area (with or without frequency difference)

The overlapping area of the transmitter spectrum mask and receiver selectivity mask is calculated taking into account frequency difference ((f) between transmitter and receiver (see Annex 3B of the HCM-Agreement). 

In case of calculating the overlapping area without frequency offset, the frequency difference is set to 0.
Moving the transmitter mask according to frequency differences

In this step the frequencies of the transmitter spectrum mask are normalized to the receiver frequency. Since both masks are relative to the centre frequency of the Tx and Rx respectively, they have to be related to a common fixed value (e.g. receiver frequency) for further calculations.

 FTn*[ ] = FTn[ ] + (f

Determine ends and attenuations of individual elements in the common frequency range

The common frequency range is defined as this part of the overlapping spectrum where points are defined in both spectrum masks.

The following calculations are performed:

· for each point of transmitter spectrum mask the corresponding attenuation on receiver selectivity mask is calculated,

· for each point of receiver selectivity mask the corresponding attenuation on transmitter spectrum mask is calculated.


[image: image11]
Calculate the sum of attenuations of both masks in the common frequency range

The sum of the attenuations of both masks for the same frequencies in the common frequency range is calculated.

Example:
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This example is not related to the previous drawing!
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Calculate overlapping area

The overlapping area of receiver selectivity mask and transmitter spectrum mask is calculated.

This process is described in detail in Chapter 5.1.1.
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Chapter 5.1.1: Calculate overlapping area

The overlapping area of receiver selectivity mask and transmitter spectrum mask is calculated using the formulas in the Annex 3B of the HCM-Agreement. The calculation is based on the calculation of area of individual element and the resulting area of all (N) elements.

Set overlapping area to zero

At the beginning of the calculation, the value for overlapping area is set to zero.

Count N

The loop for the calculations of the overlapping area from N individual elements. The maximum value of N is 26 (two times 13 points for each mask).

Calculate width of the element

Calculate frequency width of one element (fc).

Calculate attenuation at the beginning of the element

Calculate the attenuation (b) at the beginning of the element.

Is the element flat?

Test if the calculated element is flat or slope.

Calculate the gradient of the slope element

The gradient (a) of the slope element is calculated.

Is the gradient = 0 ?

Test if the gradient is 0. If the gradient is 0, the element is calculated like a flat element.

Calculate flat element area

The area of the flat element is calculated by using formula (2.1) in the Annex 3B of the HCM-Agreement.

Calculate the area of  the slope element

The area of the slope element is calculated.

Calculate sum of individual areas

Overlapping Area = Overlapping Area + Element area

Next N

Number N is increased until the maximum number is reached.
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Chapter 5.2: Calculate Tx area

The transmitter mask area is calculated using the formulas defined in the Annex 3 to the HCM-Agreement. The mask is defined by means of maximum 13 points. Each point is defined by its frequency and attenuation. 

Set TxArea to zero

At the beginning of the calculation, the value of Tx_Area is set to zero.

Count N from 1 to 13

The loop for the calculation of the transmitter mask area from N individual elements

Is value of transmitter frequency mask [N] available?

Test if the next element exists. The number of elements may be less than 13.

Calculate width of the element

The width (fc) of the element is calculated using formula:

fc = ABS(FT[N] – FT[N-1])

Calculate attenuation at the beginning of the element

The attenuation (b) at the beginning of the element is calculated using formula:

b = t[N-1]

Is element flat?

Test if the calculated element is flat or slope.

If t[N-1] = t[N], then the calculated element is flat; if not, the calculated element is slope.
Calculate the gradient of the slope element

The gradient (a) of the slope element is calculated using formula:

a = ABS((t[N]-t[N-1])/fc)

Is the gradient = 0 ?

If the gradient (a) is 0, the element is calculated like a flat element.

Calculate flat element area

The area of the flat element is calculated by using formula (2.1) in the Annex 3B of the HCM-Agreement.

Element = fc * 10-b/10
Calculate slope element area

The area of the slope element is calculated using formula (2.2) in the Annex 3B of the HCM- Agreement.

Element = (10-b/10 * (10(-a * fc/10) – 1)) / ((-a * ln(10))/10)

Calculate sum of individual element areas

Tx_Area = Tx_Area + Element

Next N

N is increased until number 13 is reached.
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Chapter 6: Calculate the transmission loss a_tot

Calculate the aggregated attenuation of the antennas 

The aggregated attenuation of the antennas is calculated. This process is described in detail in Chapter 6.1.

For links with a passive repeater this calculation is done twice: for Tx to PRx and PTx to Rx.

Calculate the propagation loss

The propagation loss is calculated. This process is described in detail in chapter 6.2.

For links with a passive repeater this calculation is done twice: for Tx to PRx and PTx to Rx.

Calculate the transmission loss a_tot

The transmission loss a_tot is calculated using formula (for links without passive repeater):

a_tot = MD + NFD + Tx_ATPC + a_ant + aRx + aTx + a_prop – GRx – GTx

for links with a passive repeater:

a_tot = MD + NFD + Tx_ATPC  + aTx - GTx + a_prop_Tx_PRx - GPRx + a_ant_Tx_PRx + aPRxPTx - GPTx + a_prop_PTx_Rx - GRx + a_ant_PTx_Rx + aRx 

where

a_tot

= transmission loss

MD

= Mask Discrimination (see Chapter 5)

NFD

= Net Filter Discrimination NFD (see Chapter 5)

Tx_ATPC
= Dynamic range of transmitter ATPC

a_ant

= antenna attenuation between Tx and Rx (see Chapter 6.1)

a_ant_Tx_PRx
= antenna attenuation between Tx and PRx

a_ant_PTx_Rx
= antenna attenuation between PTx and Rx

aRx

= Rx line losses

aTx

= Tx line losses

aPRxTx

= (aPRx + aPTx) line losses of passive repeater

a_prop

= propagation loss between Tx and Rx (see Chapter 6.2)

a_prop_Tx_PRx
= propagation loss between Tx and PRx

a_prop_PTx_Rx
= propagation loss between PTx and Rx

GRx

= Rx antenna gain

GTx

= Tx antenna gain

GPRx

= PRx antenna gain

GPTx

= PTx antenna gain
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Chapter 6.1: Calculate the aggregated attenuation of the antennas

This subroutine calculates the aggregated attenuation of the antennas a_ant for links without passive repeater or a_ant_Tx_PRx or a_ant_PTx_Rx for links with a passive repeater.

Calculate the difference between main beam azimuth of transmitter and receiver antenna

The difference between the main beam azimuth of the transmitter and receiver antenna is calculated (see Chapter 4) in relation to the propagation path. Possible cases : Tx-Rx, Tx-PRx, PTx-Rx

Calculate the difference between main beam elevation of transmitter and receiver antenna

The difference between the main beam elevation of the transmitter and receiver antenna is calculated in relation to the propagation path. Possible cases : Tx-Rx, Tx-PRx, PTx-Rx

Calculate the difference between main beam azimuth of receiver and transmitter antenna

The difference between the main beam azimuth of the receiver and transmitter antenna is calculated (see Chapter 4) in relation to the propagation path. Possible cases : Rx-Tx, Rx-PTx, PRx-Tx

Calculate the difference between main beam elevation of receiver and transmitter antenna

The difference between the main beam elevation of the receiver and transmitter antenna is calculated in relation to the propagation path. Possible cases : Rx-Tx, Rx-PTx, PRx-Tx

Is (P)Tx polarization vertical ?

The next calculation steps differs, whether the (P)Tx polarization is horizontal or vertical.

Calculate a_(P)Tc for horizontal polarization

This process calculates the (P)Tx copolar antenna attenuation a_(P)Tc for the horizontal transmitter polarization taking into account the differences of azimuth and elevation from transmitter to receiver. This process is described in detail in Chapter 6.1.1.

Calculate a_(P)Tx for horizontal polarization

This process calculates the (P)Tx crosspolar antenna attenuation a_(P)Tx for the horizontal transmitter polarization taking into account the differences of azimuth and elevation from transmitter to receiver. This process is described in detail in Chapter 6.1.1.

Calculate a_(P)Tc for vertical polarization

This process calculates the (P)Tx copolar antenna attenuation a_(P)Tc for the vertical transmitter polarization taking into account the differences of azimuth and elevation from transmitter to receiver. This process is described in detail in Chapter 6.1.1.

Calculate a_(P)Tx for vertical polarization

This process calculates the (P)Tx crosspolar antenna attenuation a_(P)Tx for the vertical transmitter polarization taking into account the differences of azimuth and elevation from transmitter to receiver. This process is described in detail in Chapter 6.1.1.

Is (P)Rx polarization vertical ?

The next calculation steps differs, whether the (P)Rx polarization is horizontal or vertical.

Calculate a_(P)Rc for horizontal polarization

This process calculates the (P)Rx copolar antenna attenuation a_(P)Rc for the horizontal receiver polarization taking into account the differences of azimuth and elevation from receiver to transmitter. This process is described in detail in Chapter 6.1.1.

Calculate a_(P)Rx for horizontal polarization

This process calculates the (P)Rx crosspolar antenna attenuation a_(P)Rx for the horizontal receiver polarization taking into account the differences of azimuth and elevation from receiver to transmitter. This process is described in detail in Chapter 6.1.1.

Calculate a_(P)Rc for vertical polarization

This process calculates the (P)Rx copolar antenna attenuation a_(P)Rc for the vertical receiver polarization taking into account the differences of azimuth and elevation from receiver to transmitter. This process is described in detail in Chapter 6.1.1.

Calculate a_(P)Rx for vertical polarization

This process calculates the (P)Rx crosspolar antenna attenuation a_(P)Rx for the vertical receiver polarization taking into account the differences of azimuth and elevation from receiver to transmitter. This process is described in detail in Chapter 6.1.1.

Is (P)Rx polarization = (P)Tx polarization ?

The next calculation steps differ, whether the polarizations are equal or not.

Calculate CC and D for different polarizations

CC and D are intermediate values (aantH, aantV; see Annex 9  of the HCM-Agreement)

CC and D are calculated using following formulas 

(see Table 1 of chapter 3.1in Annex 9 of the HCM-Agreement):

CC
= a_Tc+a_PRx or a_PTc+a_Rx or a_Tc+a_Rx

D
= a_Tx+a_PRc or a_PTx+a_Rc or a_Tx+a_Rc

Calculate CC and D for equal polarizations

CC and D are calculated using following formulas:

(see Table 1 of chapter 3.1in Annex 9 of the HCM-Agreement):

CC
= a_Tc+a_PRc or a_PTc+a_Rc or a_Tc+a_Rc

D
= a_Tx+a_PRx or a_PTx+a_Rx or a_Tx+a_Rx

Calculate total antenna attenuation

The resulting antenna attenuation is calculated using formula:

a_ant, a_ant_Tx_PRx, a_ant_PTx_Rx = CC – 10 * Log [ 1 + 10(CC-D) / 10 ]
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Chapter 6.1.1: Calculate the antenna attenuation in a given direction

This process calculates the antenna attenuation in a given direction according to Annex 8B of the HCM-Agreement. It is used for calculating a_(P)Tc, a_(P)Tx, a_(P)Rc and a_(P)Rx (see Chapter 6.1).

Calculate the total difference angle

The total difference angle between main antenna beam and the horizontal and vertical difference angles towards the second station is calculated using formula:

Total difference angle = Acos [ Cos ( vertical difference angle ) * Cos ( horizontal difference angle ) ]

Select the correct antenna data

The antenna data is selected taking into account:


If station is transmitter or receiver


If type of polarization is HH, HV, VV or VH

Convert negative angles

If some angles are indicated as negative values (-180 to 0 degrees), this values are converted to positive values (180 to 360 degrees).

Sort antenna data according to the angles

All selected antenna data is sorted according to the angles (lowest angle first, highest angle last).

Is first value 0 degree ?

It is tested, whether the attenuation for 0 degree is included or not.

Add angle 0 and attenuation 0

If the data for 0 degree is missing, it is added. For this angle the attenuation is set to 0 dB.

Is last angle < 180 degrees ?

It is tested, if the last angle in the data set is less than 180 degrees.

Add angle 180 degrees and attenuation = attenuation of last angle

If the last angle in the selected data set is less than 180 degrees, additional data is added with the following values:

Angle

= 180 degrees

Attenuation
= attenuation of the last available entry in the sorted data set.

Is antenna diagram symmetrical ?

It is tested, if the data consist only of angles up to 180 degrees (= symmetrical) or data up to 360 degrees (non-symmetrical).

The following calculation steps differ, whether the antenna diagram is symmetrical or not.

Calculate attenuation for non-symmetrical antenna diagrams

The antenna attenuation for non-symmetrical antenna diagrams is calculated taking into account the selected antenna data and the total difference angle when the horizontal difference angle is less than 180°.

If the horizontal difference angle is more than 180°, 360° minus the total difference angle is used.

Calculate attenuation for symmetrical antenna diagrams

The antenna attenuation for symmetrical antenna diagrams is calculated taking into account the selected antenna data and the total difference angle.
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Chapter 6.2: Calculate the propagation loss (a_prop)

This process calculates the propagation loss for a given path according to Annex 10 of the HCM-Agreement. It is used for calculating a_prop, a_prop_Tx_PRx, a_prop_PTx_Rx.

Set up constant values

The following constant values are set:

C
= 2.99776 (108  (velocity of the light in m/s)

ae
= 8919.4  (median value of effective Earth radius in km, see Annex 10 of the HCM-Agreement,

 formula 6)

e
= 2.71828182845905

Path profile analysis

The detailed calculation can be found in Chapter 6.2.1. The output values of this routine are

path_type, d_lt, d_lr, theta, omega, d_tm and d_lm.
Calculate the total gaseous absorption Ag

The total gaseous absorption is calculated using the following formulas 

(see Annex 10 of the HCM-Agreement, formula 24a-24c):
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fTx : transmitter frequency (GHz)

d: distance between transmitter and receiver (km) (see Chapter 3).
omega: calculated (see Chapter 6.2.1).
Calculate the quasi basic transmission loss given by the line-of-sight model Lb0bis

The basic transmission loss due to line-of sight propagation not taking into account correction for multi-path and focusing effects (Es) is calculated using the following formula:
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fTx : transmitter frequency (GHz)

d: distance between transmitter and receiver (km) (see Chapter 3)

Ag: total gaseous absorption (see above)

Is path type = line-of-sight ?

The following calculation steps differ, whether the path type is line-of-sight or not.

Calculate the basic transmission loss given by the line-of-sight model Lb0

The basic transmission loss due to line-of-sight propagation is calculated taking into account correction for multi-path and focusing effects (Es) using the following formulas:
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 [dB] (see Annex 10 of the HCM-Agreement, formula 23)
Lb0 = Lb0bis + Es [dB]

d: distance between transmitter and receiver (km) (see Chapter 3).

a_prop = Lb0

In case of line-of sight path type, the propagation loss a_prop = Lb0.

Is the distance between transmitter and receiver <= 200 km ?

If the distance between transmitter and receiver is less than or equal to 200 km, then the basic transmission loss given by diffraction model has to be calculated.

Calculate the basic transmission loss given by diffraction model Lbd

This process calculates the basic transmission loss given by diffraction model and is described in detail in Chapter 6.2.2.

Is path type = transhorizon ?

The following calculation steps differ, whether the path type is transhorizon or not.

a_prop = Lbd

If the path type is not transhorizon, then the propagation loss a_prop = Lbd.

Calculate the basic transmission loss given by troposcatter model Lbs

The basic transmission loss due to troposcatter is calculated using following formulas:
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GTx: max. gain of transmitter antenna, (dBi)

GRx: max. gain of receiver antenna, (dBi)

aant: combined antenna attenuation (dB) (see Chapter 6.1)

gamma_o : (see above)

theta: angular distance (mrad) (see Chapter 6.2.1)

Is the distance between transmitter and receiver <= 200 km ?

If the distance between transmitter and receiver is less than or equal to 200 km, then the transmission loss for diffraction and troposcatter has to be calculated.

a_prop = Lbs

If the distance between transmitter and receiver is greater than 200 km, then the propagation loss a_prop = Lbs.

Calculate the basic transmission loss for diffraction and troposcatter Lb

The basic transmission loss for diffraction and troposcatter (Lb) is calculated using formula:
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Lbs: see above

Lbd: see above

a_prop = Lb

The resulting propagation loss a_prop = Lb.
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Chapter 6.2.1: Path profile analysis

Construct the path profile

Construct the sequence: {(hi, Tti, Mi) i = 1, ..., np.} where hi is the height of the terrain above sea level related to i-th point on the path between transmitter and receiver, Tti denotes terrain type (‘sea’, ‘coastal’ or ‘land’) and Mi denotes points over water (for future use for other morphological information). The distance between following points is 100 m. The point number 1 is equivalent to the transmitter site, point number np is equivalent to the receiver site.

This process is described in detail in Chapter 6.2.1.1.

Correct first and last profile point
After reading the data for the profile, the heights of the points where transmitter and receiver are situated are corrected according to the following formula:

h1 = hTx + ht
hnp = hRx + hr
(all further calculations are performed using the values of h1 and hnp , but as an additional output the terrain heights from the topo database for transmitter and receiver site are provided)

Calculate theta_max and theta_td

For every point of the profile (except point number 1 and np) calculate value of thetai using following formulas:  
di = (i-1) x 0.1
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Select the highest value of thetai :
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Store the value of di  for the point of theta_max:

d_theta_max = di  for the point where thetai  = theta_max 
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ae: constant value (see Chapter 6.2)

d: distance between transmitter and receiver (km) (see Chapter 3)

Derivation of parameters from the path profile d_lt, d_lr, theta 


Substitute:

theta_t = theta_max

d_lt = d_theta_max

For every point of the profile (except point number 1 and np) calculate value of theta_ri  using formula:
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and select the highest value of theta_ri :
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Store the value of di  for the point of theta_r.

d_theta_r = di  for the point where  theta_ri  = theta_r 

d_lr  =  d  –  d_theta_r

Calculate angular distance theta (mrad):
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ae: constant value (see chapter 6.2)

d: distance between Tx and Rx (km) (see Chapter 3)

Is theta_max > theta_td ?

The following calculation steps differ, whether this condition is fulfilled or not.

Path type = transhorizon

If theta_max is greater than theta_td, then the path type = transhorizon.

Calculate theta_f_max

The maximum terminal antenna elevation angle theta_f_max is calculated using following formulas:
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ae: constant value (see chapter 6.2)

d: distance between Tx and Rx (km) (see Chapter 3)

Is theta_f_max > theta_td ?

The path type differs, whether theta_f_max is greater than theta-td or not.

Path type = sub-path diffraction

If theta_f_max is greater than theta_td, then the path type = sub-path diffraction.

Path type = line-of-sight with first Fresnel zone clearance

If theta_f_max is not greater than theta_td, then the path type = line-of-sight with first Fresnel zone clearance.

Is distance between Tx and Rx <= 200 km ?

The calculation of d_tm and d_lm is only required, whether the distance between Tx and Rx is less or equal to 200 km.

Calculate d_tm, d_lm

The following values are determined:

d_tm: longest continuous land (inland + coastal) section of the great circle path (km)

d_lm: longest continuous inland section of the great circle path (km)

Calculate omega

Count the number of points (equal np_water) located over the water (Mi = ‘water’). Calculate omega using formula:

omega = (np_water ( 0.1)/d

d: distance between Tx and Rx (km) (see Chapter 3)
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Chapter 6.2.1.1: Construct the path profile

This process constructs the path profile to get the height information or morphological information of all points along the profile path.

Determine the information of the first point

The height information or the morphological information of the first point is determined. The determination of the height of a point is described in detail in Chapter 6.2.1.1.1, the determination of the morphological information of a point is described in detail in Chapter 6.2.1.1.2.

Calculate the distance

The distance between the first and last point is calculated (see Chapter 3).

Calculate the azimuth to the ending point

The azimuth to the ending point is calculated (see Chapter 4).

Count point number PN starting with 2

The points along the path profile are counted. The first point in this loop is number 2 because number 1 is the starting point calculated before.

Calculate the distance between starting point and point PN

The distance between the first point and point PN is calculated.

Is ending point reached ?

If the calculated distance between starting point and point PN is greater or equal to the total distance, then the ending point is reached.

Calculate the co-ordinates of point PN

The co-ordinates of point PN are calculated taking into account the direction and distance from the starting point.

Determine the information of point PN

The height information or the morphological information of point PN is determined. The determination of the height of a point is described in detail in Chapter 6.2.1.1.1, the determination of the morphological information of a point is described in detail in Chapter 6.2.1.1.2.

Next point

The number of the point PN is increased by one.

Determine the information of the last point

The height information or the morphological information of the last point (location of receiver) is determined. The determination of the height of a point is described in detail in Chapter 6.2.1.1.1, the determination of the morphological information of a point is described in detail in Chapter 6.2.1.1.2.
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Chapter 6.2.1.1.1: Determine the height information of a point

This process determines the height of a point. The height information is stored in files on a disk. The structure of these files containing the height information is described in detail in Chapter 11.

Calculate the filename and the resolution of the file containing the height data

The filename and the resolution of the file containing the height data is calculated using the co-ordinates of the point.

Calculate the data block number

The data block number is calculated using the co-ordinates of the point.

Is data block in memory?

It is tested, whether the required data is already read.

Read data block from disk

If the required data is not present, it is read from disk.

Determine the heights of the 4 grid points nearest to the wanted point

The heights of the 4 surrounding grid points are determined by simply rounding up/down the co-ordinates to full 3” (6” for latitudes above 50°).

Interpolate the heights

The resulting height is calculated by linear interpolations between the 4 surrounding points.

First two linear interpolations with the longitude of the wanted point are done between the points with the same latitude (P1P2, P3P4) giving the new line (P12 P34). On this new line a linear interpolation is done with the latitude of the wanted point.
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Chapter 6.2.1.1.2: Determine the morphological information of a point

This process determines the morphological information of a point. This information is stored in files on a disk. The structure of these files containing the morphological information is described in detail in Chapter 12.

Calculate the filename and the resolution of the file containing the height data

The filename and the resolution of the file containing the morphological information are calculated using the co-ordinates of the point.

Calculate the data block number

The data block number is calculated using the co-ordinates of the point.

Is data block in memory?

It is tested, whether the required data is already read.

Read data block from disk

If the required data is not present, it is read from disk.

Determine the morphological information of the nearest grid point

The morphological information of the nearest grid point is calculated by simply rounding the co-ordinates to full 3” (6” for latitudes above 50°).
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Chapter 6.2.2: Calculate the basic transmission loss given by diffraction model

Calculate beta0

The time percentage is calculated for which the refracting index lapse-rate exceeding 100N-units/km can be expected in the first 100 m of the lower atmosphere beta0 using the following formulas (see Annex 10 of the HCM-Agreement, formulas 2-4):
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If    mu1> 1 then mu1 =  1

phi =0.5( phi_Tx +  phi_Rx)
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d_tm, d_lm: see Chapter 6.2.1

phi = abs(phi) in Europe

Calculate correction for multipath effect between the antennas and the horizontal obstacles Esd
The correction for multipath effect between the antennas and the horizontal obstacles Esd is calculated using formula:
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d_lt, d_lr: see Chapter 6.2.1

Set r_E to 8919.4

For the next calculation step, r_E is set to 8919.4

Calculate Ld for a given effective Earth radius r_E

This process calculates Ld for a given effective Earth radius and it is described in detail in Chapter 6.2.2.1.

Ld_50 = Ld

The calculated Ld value is stored in Ld_50.

Set r_E to 19133

For the next calculation step, r_E is set to 19133

Calculate Ld for a given effective Earth radius r_E

This process calculates Ld for a given effective Earth radius and it is described in detail in Chapter 6.2.2.1.

Ld_beta0 = Ld

The calculated Ld value is stored in Ld_beta0.

Calculate the interpolation factor Fi

The interpolation factor Fi is calculated using the following settings and formulas:

C0  =  2.515516698

C1  =  0.802853

C2  =  0.010328

D1  =  1.432788

D2  =  0.189269

D3  =  0.001308
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I20 = xi20  –  T20 = -0.841456789476176
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Ibeta0  =  xibeta0  –  Tbeta0

Fi  =  I20 / Ibeta0.

Calculate the excess diffraction loss: Ld

Ld  = Ld_50  - Fi x (Ld_50 – Ld_beta0)

Calculate Lbd

Lbd  =  Lb0bis  +  Esd  +  Ld
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Chapter 6.2.2.1: Calculate Ld for the given effective Earth radius r_E

a = 1, b = np

At the beginning, a is set to 1 and b is set to np (the number of profile points).

Is a + 1 = b ?

It is tested, if the end is reached.

Ld = 0

If the end is reached, Ld is set to 0.

Calculate nu_max and the profile point where this value is achieved (p_max)

For every point of the profile with the number n between a and b (a < n < b) calculate the value of nun  using formulas:

dan  = (n – a) x 0.1

If b = np and a = 1 then dnb = d – dan ,               dab = d

If b = np and a ( 1 then dnb = d – dan – (a-1) x  0.1,    dab = d –(a-1) x 0.1

If b ( np and a = 1 then dnb = (b - n) x 0.1,          dab = (b-1) x 0.1

ha = height of the profile  point number a in m

hb = height of the profile  point number b in m

dan= distance from point number a to point number n in km
dnb = distance from point number n to point number b in km
hhn = hn + 1000 x([ dan dnb / 2(x r_E ] – [ ( ha dnb + hb dan ) / dab ] 

lambda = c / (fTx x 109)

c = 2.99776 x 108  (velocity of the light in m/s) – see Chapter 6.2.
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p is a number of the point where nup = nu_max

fTx : transmitter frequency (GHz)

d: distance between transmitter and receiver (km) see Chapter 3

Is nu_max <= -0.78 ?

It is tested, whether nu_max is less than or equal to -0.78.

J_nu = 0

If nu_max is less than or equal to -0.78, then J_nu is set to 0.

Calculate J_nu

Calculate the knife-edge loss J_nu using equation: 
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nu_max see above

J_nu_p = J_nu, a = 1, b = p_max, p = p_max

The values of J_nu_p, a, b and p are set.

Is a + 1 = p ?

It is tested, whether the end is reached.

Calculate nu_max and the profile point where this value is achieved (p_max)

Between the points a and b, the value of nu_max and the profile point where this value is achieved are calculated (see above).
Is nu_max <= -0.78 ?

It is tested, whether nu_max is less than or equal to -0.78.

Calculate J_nu

If nu_max is greater than –0.78, then J_nu is calculated (see above).

J_nu = 0

If nu_max is less than or equal to -0.78 or the end is reached, then J_nu is set to 0.

J_nu_t = J_nu, a = 1, b = np

The values of J_nu_t, a, and b are set.

Is p + 1 = np ?

It is tested, whether the end is reached.

Calculate nu_max and the profile point where this value is achieved (p_max)

Between the points a and b, the value of nu_max and the profile point where this value is achieved are calculated (see above).
Is nu_max <= -0.78 ?

It is tested, whether nu_max is less than or equal to -0.78.

Calculate J_nu

If nu_max is greater than –0.78, then J_nu is calculated (see above).

J_nu = 0

If nu_max is less than or equal to -0.78 or the end is reached, then J_nu is set to 0.

J_nu_r = J_nu

The value of J_nu_r is set to J_nu.

Calculate Ld

Calculate the excess diffraction loss Ld for the path using formulas:

C = 8.0 + 0.04 x d

If  J_nu_p <= 6  then 


T = J_nu_p / 6

Else


T = 1

Ld = J_nu_p + T x [ J_nu_t + J_nu_r + C ]

Chapter 7: Interface to the HCM_FS subroutine

The interface consists of the data definition of all input- and output data for the HCM_FS subroutine.

The HCM_FS subroutine has to be called from a surrounding program. This surrounding program has to prepare all required input data (e.g. entering data or select it from a database), to call the HCM_FS subroutine to do all calculations and to display the results (or store it in a database).

A lot of data have to be transferred from and to the HCM_FS subroutine. All this data is described in a file named ‘FS_Definitions.def’ (see Chapter 7.1).

To write a simple surrounding program in FORTRAN language, the following lines are required:


PROGRAM 
SURROUNDING_TEST_PROGRAM

!


INCLUDE ‘FS_Definitions.def’

!

!
(prepare input data)

!


CALL HCM_FS

!

!
(display output data)

!


END PROGRAM
SURROUNDING_TEST_PROGRAM

Including the line: INCLUDE ‘FS_Definitions.def’ will provide all necessary definitions for the program and interface to the subroutine HCM_FS.

The contents of the file FS_Definitions.def is described in detail in Chapter 7.1.

Chapter 7.1: File: FS_Definitions.def

!

!
FS_Definitions.def

!

!
All T_xxx, R_xxx PT_xxx, PR_xxx where xxx is the field number

!
(Annex 2B of the HCM-Agreement) are data from the Annex 2B records itself

!
(T_xxx for Tx, R_xxx for Rx, PT_xxx for passive Tx, PR_xxx for passive Rx).

!

!
T_9X1

= Tx Antenna gain (character)

!
PT_9X1

= Passive Tx Antenna gain (character)

!
R_9X1

= Rx Antenna gain (character)

!
PR_9X1

= Passive Rx Antenna gain (character)

!
T_9XCop

= Tx copolar antenna (character)

!
PT_9XCop

= Passive Tx copolar antenna (character)

!
T_9XCro

= Tx crosspolar antenna (character)

!
PT_9XCro

= Passive Tx crosspolar antenna (character)

!
R_9XCop

= Rx copolar antenna (character)

!
PR_9XCop

= Passive Rx copolar antenna (character)

!
R_9XCro

= Rx crosspolar antenna (character)

!
PR_9XCro

= Passive Rx crosspolar antenna (character)

!
T_Num_Cop

= Number of Tx copolar antenna pattern data

!
PT_Num_Cop

= Number of passive Tx copolar antenna pattern data

!
T_Num_Cro

= Number of Tx crosspolar antenna pattern data

!
PT_Num_Cro

= Number of passive Tx crosspolar antenna pattern data

!
R_Num_Cop

= Number of Rx copolar antenna pattern data

!
PR_Num_Cop

= Number of passive Rx copolar antenna pattern data

!
R_Num_Cro

= Number of Rx crosspolar antenna pattern data

!
PR_Num_Cro

= Number of passive Rx crosspolar antenna pattern data

!
FS_ERR

= Error value of HCM_FS subroutine (see list)

!
T_ANT_DAT_Cop
= Tx copolar antenna data (field, angles and attenuations)

!
T_ANT_DAT_Cro
= Tx crosspolar antenna data (field, angles and attenuations)

!
R_ANT_DAT_Cop
= Rx copolar antenna data (field, angles and attenuations)

!
R_ANT_DAT_Cro
= Rx crosspolar antenna data (field, angles and attenuations)

!
FTx


= Tx frequency in GHz

!
FRx


= Rx frequency in GHz

!
Long_Tx

= Tx longitude (positiv = east, negativ = west)

!
Lat_Tx

= Tx latitude (positiv = north, negativ = south)

!
Long_Rx

= Rx longitude (positiv = east, negativ = west)

!
Lat_Rx

= Rx latitude (positiv = north, negativ = south)

!
Long_PTx

= PTx longitude (positiv = east, negativ = west)

!
Lat_PTx

= PTx latitude (positiv = north, negativ = south)

!
Long_PRx

= PRx longitude (positiv = east, negativ = west)

!
Lat_PRx

= PRx latitude (positiv = north, negativ = south)

!
S_H_Tx

= Tx site height (m)

!
S_H_Rx

= Rx site height (m)

!
S_H_PTx

= PTx site height (m)

!
S_H_PRx

= PRx site height (m)

!
Num_Tx_7G

= Number of Tx spectrum mask data (1 - 6)

!
Num_Rx_7G

= Number of Rx spectrum mask data (1 - 6)

!
Tx_S_M

= Tx spectrum mask (field, frequency offset and attenuation)

!
Rx_S_M

= Rx spectrum mask (field, frequency offset and attenuation)

!
Tx_ATPC

= Tx ATPC (from 8B3)

!
Tx_Azi

= Tx azimuth (from 9A)

!
Rx_Azi

= Rx azimuth (from 9A)

!
Tx_Ele

= Tx elevation (from 9B)

!
Rx_Ele

= Rx elevation (from 9B)

!
PTx_Azi

= PTx azimuth (from 9A)

!
PRx_Azi

= PRx azimuth (from 9A)

!
PTx_Ele

= PTx elevation (from 9B)

!
PRx_Ele

= PRx elevation (from 9B)

!
aRx


= Rx line losses (from 9L)

!
aTx


= Tx line losses (from 9L)

!
aPRx

= PRx line losses (from 9L)

!
aPTx

= PTx line losses (from 9L)

!
A_H_Tx

= Tx antenna height above ground (from 9Y)

!
A_H_Rx

= Rx antenna height above ground (from 9Y)

!
A_H_PTx

= PTx antenna height above ground (from 9Y)

!
A_H_PRx

= PRx antenna height above ground (from 9Y)

!
GTx


= Tx antenna gain (from 9X)

!
GRx


= Rx antenna gain (from 9X)

!
GPTx

= PTx antenna gain (from 9X)

!
GPRx

= PRx antenna gain (from 9X)

!
Dist

= Distance between Tx and Rx (km)

!
Dist_Tx_PRx
= Distance between Tx and PRx (km)

!
Dist_PTx_Rx
= Distance between PTx and Rx (km)

!
Tx_to_Rx_hor
= Horizontal direction from Tx to Rx (degrees)

!
Tx_to_PRx_hor
= Horizontal direction from Tx to PRx (degrees)

!
Rx_to_Tx_hor
= Horizontal direction from Rx to Tx (degrees)

!
PRx_to_Tx_hor
= Horizontal direction from PRx to Tx (degrees)

!
Rx_to_PTx_hor
= Horizontal direction from Rx to PTx (degrees)

!
PTx_to_Rx_hor
= Horizontal direction from PTx to Rx (degrees)

!
Tx_to_Rx_ver
= Vertical direction from Tx to Rx (degrees)

!
Rx_to_Tx_ver
= Vertical direction from Rx to Tx (degrees)

!
PTx_to_Rx_ver
= Vertical direction from PTx to Rx (degrees)

!
PRx_to_Tx_ver
= Vertical direction from PRx to Tx (degrees)

!
Rx_to_PTx_ver
= Vertical direction from Rx to PTx (degrees)

!
Tx_to_PRx_ver
= Vertical direction from Tx to PRx (degrees)

!
D_Tx_to_Rx_hor
= Horizontal diff. angle between Tx azimuth and Tx_to_Rx_hor 

!
D_Tx_to_Rx_ver
= Vertical diff. angle between Tx elevation and Tx_to_Rx_ver 

!
D_Rx_to_Tx_hor
= Horizontal diff. angle between Rx azimuth and Rx_to_Tx_hor 

!
D_Rx_to_Tx_ver
= Vertical diff. angle between Rx elevation and Rx_to_Tx_ver 

!
D_Tx_to_PRx_hor
= Horizontal diff. angle between Tx azimuth and Tx_to_PRx_hor 

!
D_Tx_to_PRx_ver
= Vertical diff. angle between Tx elevation and Tx_to_PRx_ver 

!
D_Rx_to_PTx_hor
= Horizontal diff. angle between Rx azimuth and Rx_to_PTx_hor 

!
D_Rx_to_PTx_ver
= Vertical diff. angle between Rx elevation and Rx_to_PTx_ver 

!
D_PTx_to_Rx_hor
= Horizontal diff. angle between PTx azimuth and PTx_to_Rx_hor 

!
D_PTx_to_Rx_ver
= Vertical diff. angle between PTx elevation and PTx_to_Rx_ver 

!
D_PRx_to_Tx_hor
= Horizontal diff. angle between PRx azimuth and PRx_to_Tx_hor 

!
D_PRx_to_Tx_ver
= Vertical diff. angle between PRx elevation and PRx_to_Tx_ver 

!
MD


= Mask Discrimination

!
NFD


= Net Filter Discrimination NFD

!
Tx_Area

= Overlapping area at Tx frequency calculated during NFD calcul.

!
Delta_F

= Difference between Tx and Rx frequency in MHz

!
O_Area

= Overlapping area at frequency difference

!
O_Area_Co_Chan
= Overlapping area at co-channel

!
Prof_e

= Path profile, heights in m (field)

!
Prof_m

= Path profile, morphological information

!
Prof_e1

= Path profile, heights in m (field) Tx - PRx

!
Prof_m1

= Path profile, morphological information Tx - PRx

!
Prof_e2

= Path profile, heights in m (field) PTx - Rx

!
Prof_m2

= Path profile, morphological information PTx - Rx

!
P_N


= Number of profile points

!
P_NP1

= Number of profile points Tx - PRx

!
P_NP2

= Number of profile points PTx - Rx

!
Drive

= Letter of the drive containing terrain data

!
Tx_DB_H

= Tx site height in the terrain database

!
Rx_DB_H

= Rx site height in the terrain database

!
PTx_DB_H

= PTx site height in the terrain database

!
PRx_DB_H

= PRx site height in the terrain database

!
a_e


= effective Earth radius in km (8930.8 km)

!
e


= 2.7182818284591

!
c


= velocity of the light (2.99776 * 10**8 m/s)

!
Path_type

= Path type (line-of-sight, transhorizon, sub-path diffraction) 

!
Path_type1

= Path type Tx - PRx 

!
Path_type2

= Path type Ptx - Rx

!
d_lt

= value calculated during path profile analysis Tx - Rx

!
d_lt1

= value calculated during path profile analysis Tx - PRx

!
d_lt2

= value calculated during path profile analysis PTx - Rx

!
d_lr

= value calculated during path profile analysis Tx - Rx

!
d_lr1

= value calculated during path profile analysis Tx - PRx

!
d_lr2

= value calculated during path profile analysis PTx - Rx

!
theta

= angular distance (mrad) Tx - Rx

!
theta1

= angular distance (mrad) Tx - PRx

!
theta2

= angular distance (mrad) PTx - Rx

!
d_tm

= longest cont. land (inland+costal) section of the path (km)

!
d_tm1

= longest cont. land (inland + costal) section of the path (km)

!
d_tm2

= longest cont. land (inland + costal) section of the path (km)

!
d_lm

= longest continuous inland section of the path (km) Tx - Rx

!
d_lm1

= longest continuous inland section of the path (km) Tx - PRx

!
d_lm2

= longest continuous inland section of the path (km) PTx - Rx

!
omega

= value calculated during path profile analysis Tx - Rx

!
omega1

= value calculated during path profile analysis Tx - PRx

!
omega2

= value calculated during path profile analysis PTx - Rx

!
Ag


= total gaseous absorption (dB) Tx - Rx

!
Ag1


= total gaseous absorption (dB) Tx - PRx

!
Ag2


= total gaseous absorption (dB) PTx - Rx

!
Lb0bis

= quasi basic transm. loss given by the line-of-sight model

!
Lb0bis1

= quasi basic transmission loss given by the line-of-sight model

!
Lb0bis2

= quasi basic transmission loss given by the line-of-sight model

!
Lb0


= transmission loss given by the line-of-sight model Tx - Rx

!
Lb01

= transmission loss given by the line-of-sight model Tx - PRx

!
Lb02

= transmission loss given by the line-of-sight model PTx - Rx

!
Lbd


= basic transmission loss given by the diffraction model Tx - Rx

!
Lbd1

= basic transmission loss given by the diffraction model

!
Lbd2

= basic transmission loss given by the diffraction model

!
Lbs


= basic transmission loss given by the troposcatter model Tx-Rx

!
Lbs1

= basic transmission loss given by the troposcatter model Tx-PRx

!
Lbs2

= basic transmission loss given by the troposcatter model PTx-Rx

!
Lb


= basic transmission loss for diffraction and troposcatter Tx-Rx

!
Lb1


= basic transmission loss for diffraction and troposcatter

!
Lb2


= basic transmission loss for diffraction and troposcatter

!
TD


= Threshold degradatin (dB)

!
PR


= Transmitter power (from 8B) (dBW)

!
I


= Interference level (dBW)

!
N


= Receiver noise level (FkTB, from 9H)

!
a_ant

= antenna attenuation

!
a_ant_Tx_PRx
= antenna attenuation Tx - PRx

!
a_ant_PTx_Rx
= antenna attenuation PTx - Rx

!
a_prop

= propagation loss

!
a_prop_Tx_PRx
= propagation loss Tx - PRx

!
a_prop_PTx_Rx
= propagation loss PTx - Rx

!
a_tot

= Transmission loss (dB)

!
Passive

= Flag for passive repeater

!


INTEGER(2)

Prof_e(10002), Prof_m(10002), P_N, Tx_DB_H, Rx_DB_H


INTEGER(2)

Prof_e1(10002), Prof_m1(10002), P_NP1, Prof_e2(10002)


INTEGER(2)

Prof_m2(10002), P_NP2, PTx_DB_H, PRx_DB_H


INTEGER(4)

T_Num_Cop, T_Num_Cro, PT_Num_Cop, PT_Num_Cro, FS_ERR


INTEGER(4)

PR_Num_Cop, PR_Num_Cro, Num_Tx_7G, Num_Rx_7G, S_H_PTx, S_H_PRx


INTEGER(4)

R_Num_Cop, R_Num_Cro, S_H_Tx, S_H_Rx 


INTEGER(4)

A_H_Tx, A_H_Rx, A_H_PTx, A_H_PRx


REAL

T_ANT_DAT_Cop (999,2), T_ANT_DAT_Cro(999,2), I, N


REAL

R_ANT_DAT_Cop (999,2), R_ANT_DAT_Cro(999,2), Tx_ATPC


REAL

PT_ANT_DAT_Cop (999,2), PT_ANT_DAT_Cro(999,2)


REAL

PR_ANT_DAT_Cop (999,2), PR_ANT_DAT_Cro(999,2)


REAL

Tx_Azi, Rx_Azi, Tx_Ele, Rx_Ele, aTx, aRx, aPTx, aPRx


REAL

PTx_Azi, PRx_Azi, PTx_Ele, PRx_Ele, GPTx, GPRx


REAL

GTx, GRx, NFD, a_ant, a_prop, a_tot, TD, PR, MD


REAL

a_ant_Tx_PRx, a_ant_PTx_Rx, a_prop_Tx_PRx, a_prop_PTx_Rx


DOUBLE PRECISION
FTx, FRx, Long_Tx, Lat_Tx, Long_Rx, Lat_Rx, Ag, Lb0bis


DOUBLE PRECISION
Tx_S_M(13,2), Rx_S_M(13,2), Dist, Tx_Area, O_Area, Lb0, Lbd


DOUBLE PRECISION
Tx_to_Rx_hor, Rx_to_Tx_hor, Tx_to_Rx_ver, Rx_to_Tx_ver, Lb


DOUBLE PRECISION
D_Tx_to_Rx_hor, D_Tx_to_Rx_ver, Delta_F, D_Rx_to_Tx_hor, Lbs


DOUBLE PRECISION
D_Rx_to_Tx_ver, d_lt, d_lr, theta, d_tm, d_lm, omega


DOUBLE PRECISION
Long_PTx, Lat_PTx, Long_PRx, Lat_PRx, Dist_Tx_PRx, Dist_PTx_Rx


DOUBLE PRECISION
Tx_to_PRx_hor, PRx_to_Tx_hor, Rx_to_PTx_hor, PTx_to_Rx_hor


DOUBLE PRECISION
PTx_to_Rx_ver, PRx_to_Tx_ver, Tx_to_PRx_ver, Rx_to_PTx_ver


DOUBLE PRECISION
D_Tx_to_PRx_hor,D_Tx_to_PRx_ver,D_Rx_to_PTx_hor,D_Rx_to_PTx_ver


DOUBLE PRECISION
D_PTx_to_Rx_hor,D_PTx_to_Rx_ver,D_PRx_to_Tx_hor,D_PRx_to_Tx_ver


DOUBLE PRECISION
d_lt1, d_lt2, d_lr1, d_lr2, theta1, theta2, d_tm1, d_tm2


DOUBLE PRECISION
d_lm1, d_lm2, omega1, omega2, Ag1, Ag2, Lb0bis1, Lb0bis2


DOUBLE PRECISION
Lb01, Lb02, Lbd1, Lbd2, Lbs1, Lbs2, Lb1, Lb2, O_Area_Co_Chan


LOGICAL

Passive


CHARACTER(1)
T_1A1, T_1Z, T_13Y, Drive


CHARACTER(1)
R_1A1, R_1Z, R_13Y, T_9D, R_9D, PT_9D, PR_9D


CHARACTER(2)
T_6A, T_6B, T_6Z, T_8B3, T_9XCop, T_9XCro, PT_9XCop, PT_9XCro


CHARACTER(2)
R_6A, R_6B, R_6Z, R_8B3, R_9XCop, R_9XCro, PR_9XCop, PR_9XCro


CHARACTER(3)
T_0A, T_4B, T_9XNCop, T_9XNCro, PT_9XNCop, PT_9XNCro, PT_0A


CHARACTER(3)
R_0A, R_4B, R_9XNCop, R_9XNCro, PR_9XNCop, PR_9XNCro, PR_0A


CHARACTER(3)
PT_4B, PR_4B


CHARACTER(4)
T_4Z, T_7G1A, T_7G2A, T_7G3A, T_7G4A, T_7G5A, PT_4Z


CHARACTER(4)
R_4Z, R_7G1A, R_7G2A, R_7G3A, R_7G4A, R_7G5A, PR_4Z


CHARACTER(4)
T_9X1, PT_9X1, T_7G6A, T_7G1, T_7G2, T_9H, T_9L, T_9Y


CHARACTER(4)
PT_9L, PT_9Y, PR_9L, PR_9Y


CHARACTER(4)
R_9X1, PR_9X1, R_7G6A, R_7G1, R_7G2, R_9H, R_9L, R_9Y


CHARACTER(6)
T_8B, T_9A, T_9B, R_9A, R_9B, R_8B, PT_9A, PR_9A, PT_9B, PR_9B


CHARACTER(7)
T_7G3


CHARACTER(7)
R_7G3


CHARACTER(8)
T_2C, T_2W, T_2Z


CHARACTER(8)
R_2C, R_2W, R_2Z


CHARACTER(9)
T_7A, R_7A


CHARACTER(10)
T_7K, R_7K


CHARACTER(11)
T_1A, T_7G1F, T_7G2F, T_7G3F, T_7G4F, T_7G5F, T_7G6F


CHARACTER(11)
R_1A, R_7G1F, R_7G2F, R_7G3F, R_7G4F, R_7G5F, R_7G6F


CHARACTER(15)
T_4C, R_4C, PT_4C, PR_4C


CHARACTER(20)
R_7H, R_7I, T_7H, T_7I, T_13X, R_13X, T_9XM, T_9XT


CHARACTER(20)
R_9XM, R_9XT, PT_9XM, PR_9XM, PT_9XT, PR_9XT, Path_type


CHARACTER(20)
Path_type1, Path_type2


CHARACTER(40)
T_4A, R_4A, PT_4A, PR_4A


CHARACTER(50)
T_13Z, R_13Z

!


COMMON /Passive/
Passive

!


COMMON /REC_DAT_T_N/
T_ANT_DAT_Cop, T_ANT_DAT_Cro, T_Num_Cop, T_Num_Cro, &






FTx, Long_Tx, Lat_Tx, S_H_Tx, Num_Tx_7G, Tx_S_M, &






Tx_ATPC, Tx_Azi, Tx_Ele, aTx, GTx, A_H_Tx

!


COMMON /REC_DAT_PT_N/
PT_ANT_DAT_Cop, PT_ANT_DAT_Cro, PT_Num_Cop, PT_Num_Cro, &






Long_PTx, Lat_PTx, S_H_PTx, &






PTx_Azi, PTx_Ele, aPTx, GPTx, A_H_PTx

!


COMMON /REC_DAT_R_N/
R_ANT_DAT_Cop, R_ANT_DAT_Cro, R_Num_Cop, R_Num_Cro, &






FRx, Long_Rx, Lat_Rx, S_H_Rx, Num_Rx_7G, Rx_S_M,Rx_Azi, &






Rx_Ele, aRx, GRx, A_H_Rx, N, PR

!


COMMON /REC_DAT_PR_N/
PR_ANT_DAT_Cop, PR_ANT_DAT_Cro, PR_Num_Cop, PR_Num_Cro, &






Long_PRx, Lat_PRx, S_H_PRx, &






PRx_Azi, PRx_Ele, aPRx, GPRx, A_H_PRx

!


COMMON /REC_DAT_T_C/
T_1A1, T_1Z, T_13Y, T_6A, T_6B, T_6Z, T_8B3, T_9D, &






T_9XCop, T_9XCro, T_0A, T_4B, T_9XNCop, T_9XNCro, &






T_4Z, T_7G1A, T_7G2A, T_7G3A, T_7G4A, T_7G5A, T_9X1, &






T_7G6A, T_7G1, T_7G2, T_9H, T_9L, T_9Y, T_9A, T_9B, &






T_8B, T_7G3, T_2C, T_2W, T_2Z, T_7A, &






T_7K, T_1A, T_7G1F, T_7G2F, T_7G3F, T_7G4F, T_7G5F, &






T_7G6F,T_4C,T_4A, T_7H, T_7I, T_13Z, T_13X, T_9XM, T_9XT

!


COMMON /REC_DAT_PT_C/
PT_9D, PT_9XCop, PT_9XCro, PT_0A, PT_4B, PT_9XNCop, &






PT_9XNCro, PT_4Z, PT_9X1, PT_9L, PT_9Y, PT_9A, PT_9B, &






PT_4C, PT_4A, PT_9XM, PT_9XT

!


COMMON /REC_DAT_R_C/
R_1A1, R_1Z, R_13Y, R_6A, R_6B, R_6Z, R_8B3, R_9D, &






R_9XCop, R_9XCro, R_0A, R_4B, R_9XNCop, R_9XNCro, &






R_4Z, R_7G1A, R_7G2A, R_7G3A, R_7G4A, R_7G5A, R_9X1, &






R_7G6A, R_7G1, R_7G2, R_9H, R_9L, R_9Y, R_9A, R_9B, &






R_8B, R_7G3, R_2C, R_2W, R_2Z, R_7A, &






R_7K, R_1A, R_7G1F, R_7G2F, R_7G3F, R_7G4F, R_7G5F, &






R_7G6F,R_4C,R_4A, R_7H, R_7I, R_13Z, R_13X, R_9XM, R_9XT

!


COMMON /REC_DAT_PR_C/
PR_9D, PR_9XCop, PR_9XCro, PR_0A, PR_4B, PR_9XNCop, &






PR_9XNCro, PR_4Z, PR_9X1, PR_9L, PR_9Y, PR_9A, PR_9B, &






PR_4C, PR_4A, PR_9XM, PR_9XT

!


COMMON /OUT_DAT_N/
Dist, d_lt, d_lr, Tx_to_Rx_hor, Rx_to_Tx_hor, &






Tx_to_Rx_ver, Rx_to_Tx_ver, D_Tx_to_Rx_hor, &






D_Tx_to_Rx_ver,Delta_F, D_Rx_to_Tx_hor, D_Rx_to_Tx_ver, &






theta, d_tm, Tx_Area, O_Area, O_Area_Co_Chan, d_lm, &






omega, Ag, Lb0bis, Lb0, Lbd, Lbs, Lb, Dist_Tx_PRx, &






Dist_PTx_Rx,Tx_to_PRx_hor,PRx_to_Tx_hor, Rx_to_PTx_hor, &






PTx_to_Rx_hor, PTx_to_Rx_ver, PRx_to_Tx_ver, &






Tx_to_PRx_ver, Rx_to_PTx_ver, D_Tx_to_PRx_hor, &






D_Tx_to_PRx_ver, D_Rx_to_PTx_hor, D_Rx_to_PTx_ver, &






D_PTx_to_Rx_hor, D_PTx_to_Rx_ver, D_PRx_to_Tx_hor, &






D_PRx_to_Tx_ver, d_lt1, d_lt2, d_lr1, d_lr2, &






theta1, theta2, d_tm1, d_tm2, &






d_lm1, d_lm2, omega1, omega2, Ag1, Ag2, Lb0bis1, &






Lb0bis2, Lb01, Lb02, Lbd1, Lbd2, Lbs1, Lbs2, Lb1, &






a_ant_Tx_PRx, &






a_ant_PTx_Rx, a_prop_Tx_PRx, a_prop_PTx_Rx, &






Lb2, FS_ERR, MD, NFD, TD, a_ant, &






I, a_tot, a_prop, Tx_DB_H, Rx_DB_H, Prof_e, Prof_m, &






PTx_DB_H, PRx_DB_H, P_NP1, P_NP2, Prof_e1, Prof_m1, &






Prof_m2, Prof_e2, P_N

!


COMMON /IN_DAT_C/

Drive


COMMON /OUT_DAT_C/
Path_type, Path_type1, Path_type2

!

!
Chapter 8: Error codes

The HCM_FS subroutine generates a lot of possible error codes:

The list of possible error codes is:

!
FS_ERR values:

!

!
   0
= no error

!
1 – 999
= reserved for Point_Height and Point_Type - subroutines 

!
(36
= no appropriate TOPO data available)

!
1000
= Tx record is not a Tx

!
1001
= Rx record is not a Rx

!
1002
= Tx frequency (1A) not present

!
1003
= Tx frequency unit (1A1) not present

!
1004
= Tx co-ordinates (4C) not present

!
1005
= Tx height of site above sea level (4Z) not present

!
1006
= Transmitter spectrum mask  (7G) (frequency) is not present

!
1007
= Transmitter spectrum mask  (7G) (attenuation) is not present

!
1008
= Tx power (8A) is not present

!
1009
= Tx ATPC (8B3) is not present

!
1010
= Tx azimuth (9A) is not present

!
1011
= Tx elevation (9B) is not present

!
1012
= Tx polarization (9D) is not present

!
1013
= Tx branches and line losses (9L) is not present 

!
1014
= Tx antenna height above ground (9Y) is not present

!
1015
= Tx antenna gain (part of 9X) is not present

!
1016
= Default Tx antenna radiation pattern (9X) is not present

!
1017
= Tx antenna crosspolar radiation pattern (part of 9X) is not present

!
1018
= Tx antenna copolar number of data (part of 9X) is too less

!
1019
= Tx antenna crosspolar number of data (part of 9X) is too less

!
1020
= Rx frequency (1A) not present

!
1021
= Rx frequency unit (1A1) not present

!
1022
= Rx co-ordinates (4C) not present

!
1023
= Rx height of site above sea level (4Z) not present

!
1024
= Error in channel spacing (T_7G3)

!
1025
= Error in NFD1 value (7G1)

!
1026
= Rx azimuth (9A) is not present

!
1027
= Rx elevation (9B) is not present

!
1028
= Rx polarization (9D) is not present

!
1029
= Rx noise power level FKTB (9H) is not present

!
1030
= Rx branches and line losses (9L) is not present 

!
1031
= Rx antenna height above ground (9Y) is not present

!
1032
= Rx antenna gain (part of 9X) is not present

!
1033
= Default Rx antenna radiation pattern (9X) is not present

!
1034
= Rx antenna crosspolar radiation pattern (part of 9X) is not present

!
1035
= Rx antenna copolar number of data (part of 9X) is too less

!
1036
= Rx antenna crosspolar number of data (part of 9X) is too less

!
1037
= Error in Tx frequency (1A)

!
1038
= Error in Tx frequency unit (1A1)

!
1039
= Error in Tx frequency range (only 1 - 39.5 GHz are permissible)

!
1040
= Error in Rx frequency (1A)

!
1041
= Error in Rx frequency unit (1A1)

!
1042
= Error in Rx frequency range (only 1 - 39.5 GHz are permissible)

!
1043
= Error in Tx co-ordinates (4C)

!
1044
= Error in Rx co-ordinates (4C)

!
1045
= Error in Tx site height (4Z)

!
1046
= Error in Rx site height (4Z)

!
1047
= Error in Tx spectrum mask data (7G)

!
1048
= Error in Rx selectivity mask data (7G)

!
1049
= Error in Tx power (8B)

!
1050
= Error in Tx ATPC (8B3)

!
1051
= Error in Tx azimuth (9A)

!
1052
= Error in Rx azimuth (9A)

!
1053
= Error in Tx elevation (9B)

!
1054
= Error in Rx elevation (9B)

!
1055
= Error in (Rx) FkTB (9H)

!
1056
= Error in Tx line losses (9L)

!
1057
= Error in Rx line losses (9L)

!
1058
= Error in Tx antenna height (9Y)

!
1059
= Error in Rx antenna height (9Y)

!
1060
= Error in Tx antenna gain (in 9X)

!
1061
= Error in Rx antenna gain (in 9X)

!
1062
= Tx position = Rx position; calculations not possible

!
1063
= Distance between Tx an Rx > 1000 km; calculations not possible

!
1064
= Error in NFD2 value (7G2)

!
1066
= Error in Attenuation_calculation subroutine (not Tx or Rx or PTx or PRx)

!
1067
= Antenna copolar data for the respective polarisation is not available

!
1068
= Antenna crosspolar data for the respective polarisation is not available

!
1069
= Error in Attenuation_calculation subroutine (not VV, HH, HV or VH)

!
1070
= Receiver selectivity mask  (7G) (frequency) is not present

!
1071
= Receiver selectivity mask  (7G) (attenuation) is not present

!
1072
= Tx equipment manufacturer name (7H) not present

!
1073
= Tx equipment type (7I) not present

!
1074
= Tx max. capacity of the link (7K) not present

!
1075
= Rx equipment manufacturer name (7H) not present

!
1076
= Rx equipment type (7I) not present

!
1077
= PTx record is not a PTx

!
1078
= PRx record is not a PRx

!
1079
= PTx co-ordinates (4C) not present

!
1080
= PTx height of site above sea level (4Z) not present

!
1081
= PTx azimuth (9A) is not present

!
1082
= PTx elevation (9B) is not present

!
1083
= PTx polarization (9D) is not present

!
1084
= PTx antenna height above ground (9Y) is not present

!
1085
= PTx antenna gain (part of 9X) is not present

!
1086
= Default PTx antenna radiation pattern (9X) is not present

!
1087
= PTx antenna crosspolar radiation pattern (part of 9X) is not present

!
1088
= PTx antenna copolar number of data (part of 9X) is too less

!
1089
= PTx antenna crosspolar number of data (part of 9X) is too less

!
1090
= PRx record is not a PRx

!
1091
= PRx co-ordinates (4C) not present

!
1092
= PRx height of site above sea level (4Z) not present

!
1093
= PRx azimuth (9A) is not present

!
1094
= PRx elevation (9B) is not present

!
1095
= PRx polarization (9D) is not present

!
1096
= PRx antenna height above ground (9Y) is not present

!
1097
= PRx antenna gain (part of 9X) is not present

!
1098
= Default PRx antenna radiation pattern (9X) is not present

!
1099
= PRx antenna crosspolar radiation pattern (part of 9X) is not present

!
1100
= PRx antenna copolar number of data (part of 9X) is too less

!
1101
= PRx antenna crosspolar number of data (part of 9X) is too less

!
1102
= Error in PTx co-ordinates (4C)

!
1103
= Error in PRx co-ordinates (4C)

!
1104
= Error in PTx site height (4Z)

!
1105
= Error in PRx site height (4Z)

!
1106
= Error in PTx azimuth (9A)

!
1107
= Error in PRx azimuth (9A)

!
1108
= Error in PTx elevation (9B)

!
1109
= Error in PRx elevation (9B)

!
1110
= Error in PTx line losses (9L)

!
1111
= Error in PRx line losses (9L)

!
1112
= Error in PTx antenna height (9Y)

!
1113
= Error in PRx antenna height (9Y)

!
1114
= Error in PTx antenna gain (in 9X)

!
1115
= Error in PRx antenna gain (in 9X)

!
1116
= Tx position = PRx position; calculations not possible

!
1117
= Distance between Tx an PRx > 1000 km; calculations not possible

!
1118
= PTx position = Rx position; calculations not possible

!
1119
= Distance between PTx an Rx > 1000 km; calculations not possible

!
1120
= No default mask data available

!

Chapter 9: HCM_FS DLL

To simplify the use of the HCM_FS subroutine in surrounding programs, an additional DLL for WINDOWS operating systems is available. Using this DLL, in case of a new version of the HCM-FS software, only one file has to be replaced (the DLL). No modification to the surrounding program itself is required.

The name of this DLL is:

HCMFS_DLL.DLL

The DLL consists of three subroutines:

HCMFS_V2

HCMFS_ANNEX11_1

HCMFS_ANNEX11_2

Note: Only one of the ANNEX11 subroutines is required, depending on the format of the input data (full record according to Annex2B vs. separate fields)

Chapter 9.1: Subroutine HCMFS_V2

The subroutine HCMFS_V2 is the HCM-FS calculation of the threshold degradation.

There are 6 input values, 7 output values and 4 additional error codes.

The input values are:

I_Record1
the record with all Tx data according to ANNEX 2B

I_Record2
the record with all Rx or PRx data according to ANNEX 2B

I_Record3
the record with all PTx data according to ANNEX 2B or empty in case of P-P 

I_Record4
the record with all Rx data according to ANNEX 2B or empty in case of P-P 

I_DLL_textfile
optional filename (with full path) for an output file containing all data

I_Drive

drive letter of the drive containing the TOPO, MORPHO, BORDER and DEFAULT_ANTENNADATA directories

I_Record1, I_Record2, I_Record3, I_Record4 and I_DLL_textfile are variable length text,

I_Drive is a 1 byte text

The output values are:

I_O_AREA
overlapping area

(DOUBLE, DOUBLE PRECISION, REAL*8)

I_MD

MD value


(REAL, REAL*4)

I_NFD

NFD value

(REAL, REAL*4)

I_I

interference level

(REAL, REAL*4)

I_A_TOT

total attenuation

(REAL, REAL*4)

I_TD

threshold degradation
(REAL, REAL*4)

I_Error

error code

(LONG, INTEGER*4)

Note:

In case of I_O_AREA = 0.0, all other output values are set to 0 because no further calculation is done.

In any case, the first record (I_Record1) always has to be a Tx and the last filled record (I_Record2 or I_Record4) has to be a Rx.

The additional error codes are:

2000


error in first record (Tx)

2001


error in second record (Rx or PRx)

2002


error in third record (PTx)

2003

error in forth record (Rx)
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Chapter 9.1.1: Subroutine HCMFS_V2 part 1

Subroutine HCMFS_V2 (part1 and part2) does the preparation of input and output values for the HCM_FS subroutine. The calculation of the threshold degradation in HCM_FS is described in chapter 1.

Is I_Drive available?

The drive for DEFAULT_ANTENNADATA, TOPO and MORPHO data is checked. If no drive is given, drive “C” is substituted.

Read nth record

Reading of any record is done in subroutine “Read_Record” described in chapter 9.1.2.

Assign Tx, PRx, Rx values

All relevant values coming from the subroutine “Read_Record” are assigned to the specific Tx, PRx, Rx input values of the HCM_FS subroutine, e.g. value 1A from the first call to subroutine “Read_Record” is assigned to T_1A.

Is it the Tx, PRx, Rx record?

According to the expected record type, an error message is generated if other data is read.

Subroutine HCM_FS

The main threshold degradation calculation subroutine is called (chapter 1).

Prepare output values

The output values for the subroutine HCMFS_V2 are a subset of the subroutine HCM_FS needed for regular coordination purpose. For debugging or plausibility checks a file with all output values will be written if the “I_DLL_textfile” input value is supplied. If no valid “I_DLL_textfile” is provided, no file will be written.
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Chapter 9.1.1: Subroutine HCMFS_V2 part 2

Subroutine HCMFS_V2 (part1 and part2) does the preparation of input and output values for the HCM_FS subroutine. The calculation of the threshold degradation in HCM_FS is described in chapter 1.

Read nth record

Reading of any record is done in subroutine “Read_Record” described in chapter 9.1.2.

Assign PTx, Rx values

All relevant values coming from the subroutine “Read_Record” are assigned to the specific PTx, Rx input values of the HCM_FS subroutine, e.g. value 1A from the first call to subroutine “Read_Record” is assigned to T_1A.

Is it the PTx, Rx record?

According to the expected record type, an error message is generated if other data is read.
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Chapter 9.1.2: Subroutine Read_Record

Subroutine Read_Record splits a record according to Annex 2B into separate fields (0A, 1A, …).
Outputs are separate variables for all fields according to Annex 2B with the corresponding part from the input record (the record separator CR is not part of the input record).

Determine length of input record

The numerical count of characters in the input record is determined.

Add a terminating semicolon

For programming reasons a semicolon is added at the end of the input data.

Read characters until next semicolon

The characters from the current position up to the next semicolon but not including this semicolon are read to get only the characters between semicolons.

Assign character(s) to corresponding Annex 2B field

The characters read are stored in the corresponding variable.

Is it field 9X1 (antenna gain)?

Repeat the process of reading and assigning fields to corresponding variables until field 9X1 was processed. 

Is antenna pattern available?

Antenna pattern is not mandatory, so it has to be checked if available.

Read all antenna data step by step.

If antenna pattern is available, it is split in separate variables (co-polar and cross-polar antenna pattern).

(If no antenna pattern is available see chapter 2.1)
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Chapter 9.2: Subroutine HCMFS_ANNEX11_1

Subroutine HCMFS_ANNEX11_1 determines with which countries the given station has to be coordinated according to Annex 11 of the HCM-Agreement. The used subroutine HCM_ANNEX11 is described in chapter 10.

There are 2 input values, 2 output values and 8 possible error codes.

The input values are:

I_Record1
record with all data according to ANNEX 2B (Tx or Rx), a variable length text

I_Drive

drive letter of the drive containing the TOPO, MORPHO and BORDER directories,



a 1 byte text

The output values are:

I_Record2
a record containing all country codes (separated by semicolons) to coordinate with or empty (blank characters), if no coordination is required, a 200 bytes text

I_Error

the error code (see below), a LONG (INTEGER*4) value

The possible error codes are:

0 no error

1 no borderline data found

2 error in geographical co-ordinates

3 error in frequency

4 error opening borderline data

5 error reading borderline data

6 error in antenna height

7 error in site height

8 error in input record I_Record1

Read record

Reading of the input record is done in subroutine “Read_Record” described in chapter 9.1.2.

The input data is prepared for the call to HCM_ANNEX11.

Subroutine HCM_ANNEX11

See chapter 10.

Prepare output

The output string containing the country codes of all affected countries is built from the output of HCM_ANNEX11. If there is no affected country, the string is empty.
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Chapter 9.3: Subroutine HCMFS_ANNEX11_2

Subroutine HCMFS_ANNEX11_2 determines with which countries the given station has to be coordinated according to Annex 11 of the HCM-Agreement. The used subroutine HCM_ANNEX11 is described in chapter 10.

The only difference to the HCMFS_ANNEX11_1 subroutine is the input. The output and error codes are the same.

The input values are:

I_COO

the co-ordinates of the station (4C, ANNEX 2B), a 15 bytes text

I_FRE

the frequency of the station (1A+1A1, ANNEX 2B), a 12 bytes text

I_C

the country code of the station (4B, ANNEX2B), a 3 bytes text

I_AH

the antenna height of the station (9Y, ANNEX 2B), a 4 bytes text

I_SH

the site height of the station (4Z, ANNEX 2B), a 4 bytes text

I_Drive

drive letter of the drive containing the TOPO, MORPHO and BORDER directories,



a 1 byte text

Subroutine HCM_ANNEX11

See chapter 10.

Prepare output

The output string containing the country codes of all affected countries is built from the output of HCM_ANNEX11. If there is no affected country, the string is empty.
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Chapter 10: Trigger of coordination calculation

The trigger of coordination calculation is a standalone program to test the requirement of coordination. This program is developed in accordance with Annex 11 of the HCM-Agreement.

Find borderline files

In the location of the borderline files, the *.all files are selected.

The storage format of the borderline data is described in Chapter 13.

Get transmitter data

For further calculations the following transmitter data are required:

1A+1A1 
= frequency (1A and 1A1 concatenated without semicolon, 12 characters)

4C
= co-ordinates

4Z
= site height above sea level

9Y
= antenna height

Determine the frequency range according to Annex 11

The frequency range is determined according to Annex 11 of the HCM-Agreement taking into account the transmitter frequency.

Calculate min. distances to all borderlines

For each border the minimum distance (see Chapter 3) is calculated and stored together with the country code.

Is frequency below 10 GHz?

If the transmitter frequency is below 10GHz, the height of the antenna above sea level is required for determining the co-ordination distance according to Annex 11 of the HCM-Agreement.

h1 = 4Z+9Y

The height of the antenna above sea level (h1) is calculated.

Give country codes…

For the stored min. distances it is checked, whether this distance is lower or equal to the co-ordination distance regarding to Annex 11 of the HCM-Agreement, taking into account h1. If yes, the respective country code is added to the list of countries to co-ordinate with. 

Chapter 11: Storage format of the height data

The height data used by the HCM programs (Mobile Service and Fixed Service) may come from different sources.

Some data may come from military source (Digital Terrain Elevation Data (DTED) Level 1 Coverage), some data are may come from national geographic institutes.

A fallback possibility to get terrain height data is to use GTOPO30 or SRTM3 data. This data is free of licence. Converted GTOPO30 and SRTM3 data is available at the internet site of the HCM-Agreement (http://hcm.bundesnetzagentur.de).

The HCM terrain height data has a resolution of 3 seconds in the North - South direction and 3 or 6 seconds in the East – West direction (depending on the latitude). If the latitude is less than 50 degrees (North or South), the resolution is 3 seconds, if the latitude is greater or equal to 50 degrees, the resolution is 6 seconds.

All source data has to be converted to WGS84 format and to the above mentioned resolution. Data from different sources needs to be combined to a common database covering all HCM-Agreement (Vilnius 2005) Signatory countries (plus an additional range of approximately 100 km).

The storage format of this data is:

- All elevation data consists of 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 complement has to be built to get the correct elevation value. 

- Terrain data of a 5 x 5 minute square (approximately 9 x 5 km) is combined in one data-record. 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 degrees 0 minute 1 second → record 8 degrees 0 minute to 5 minutes is read; so the western grid-point (= 8 degrees 0 minute 0 second) is present. In the case where the wanted point is for example 8 degrees 4 minutes 59 seconds, the eastern grid-point is 8 degrees 5 minutes 0 second. Normally this point is not inside the read record, but part of another record (8 degrees 5 minutes to 10 minutes). To prevent the program from reading an additional record, the strip 5 minutes 0 second is added to the record 0 minute to 5 minutes. 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.

- 12 x 12 records (=144 records=1 x 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).

- All subdirectories are stored in the (top level) directory TOPO. A valid filename with the full path therefore is:

C:\TOPO\E010\E010N45.33E

Note: Only the drive letter ‘C’ may be replaced by any other valid drive letter. The rest of the directory structure is fixed. This fixed directory structure is built in the HCM programs. Only the drive letter is an input value to the HCM programs. The rest of the filename / subdirectory name is calculated inside the HCM programs taking into account the co-ordinates.

- In Europe, a 5 minutes x 5 minutes square contains north of 50 degrees latitude 101 x 51 values = 5.151 values and south of 50 degrees latitude 101 x 101 values = 10.201 values. One value = 2 Bytes. The length of data records therefore is 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 degrees latitude, resolution in East-West-direction = 3 seconds; 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

Chapter 12: Storage format of the morphological data

The morphological data required for the HCM programs is provided by the TWG HCM SWG Program (Technical Working Group Harmonized Calculation Method Sub Working Group Program) and is available at the internet site of the HCM-Agreement (http://hcm.bundesnetzagentur.de).

The data is elaborated using GTOPO30 data (see Chapter 10).

The morphological database is a raster database with the same grid and structure as the terrain height database (see Chapter 10).

Each entry consists of two bytes, one for the predominant height of the surface (trees, buildings) and one for the class of the morphology information.

Because each grid point represents an area of 3 x 3 (3 x 6) seconds, more than one class of morphology is possible, e.g. a part is buildings, another part is trees. In those cases there are different heights for this area. It is possible, to define more than one class, but only one height.

The height information is one byte. Therefore it is possible to define heights from 0 m to

255 m. The height is the predominant height of the area represented by this grid point, e.g. if there are 70 % buildings with 10 m height, 20% trees with 12 m height and 10% roads with 0 m height, 10 m is taken to represent this area.

The class of morphology consists of one byte. Therefore 8 different classes (bits) are possible. For the fixed service land, sea and coastal area are required, for the mobile service only land and sea are required.

- all bits are 0


normal land

- bit 0 is 1


sea, ocean

- bit 1 is 1


small lake, river, small portions of water (no sea, no ocean!)

- bit 2 is 1


coastal area

- bit 3 is 1


villages, towns (buildings)

- bit 4 is 1


trees

- bits 5 to 7


for future use

In general, a morphological database is not required for all countries applying the HCM software. If there is no sea or coastal area (e.g. Austria, Slovakia), the use of a morphological database is not mandatory. If no MORPHO data is available, HCM software sets all morphological information to “normal land”. 

The morphological database offered by the TWG HCM SWG Program does not have height information (all heights are 0 m). Only the morphological classes ‘normal land’, ‘sea / ocean’ and ‘costal area’ are supplied. 

All morphological data consists of 2 bytes. The first byte represents the class of morphology, the second byte is the height information.

Morphological data of a 5 x 5 minutes square (approximate 9 x 5 km) is combined in one data-record. 

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

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

	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

	
	M
	=
	Morphological data (E for elevation 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).

All subdirectories are stored in the (top level) directory MORPHO. A valid filename with the full path therefore is:

C:\MORPHO\E010\E010N45.33M

Note: Only the drive letter ‘C’ may be replaced by any other valid drive letter. The rest of the directory structure is fixed. This fixed directory structure is build in the HCM programs. Only the drive letter is an input value to the HCM programs. The rest of the filename / subdirectory name is calculated inside the HCM programs taking into account the co-ordinates.

In Europe, a 5 x 5 minutes square contains north of 50 degrees latitude 101 x 51 values = 5.151 values and south of 50 degrees latitude 101 x 101 values = 10.201 values. One value = 2 bytes. The length of data records therefore is 10.302 or 20.402 bytes.

Record description:


Length: fixed, 10.302 or 20.402 Bytes


No carriage control!

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

Example:  (South of 50 degrees latitude, resolution in East-West-direction = 3 seconds; number of morphological 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
Chapter 13: Storage format of the borderline data

All line data (borderlines, x-km lines, lines for calculating the cross border range) are stored in different files. Usually the names of those files are build using the two country codes (country from – country to) and the distance to the borderline. If the country code is less than 3 letters, the missing places are filled with underscores (e.g. ‘F__’). Borderlines are stored with the extension ‘.000’ (e.g. the borderline between HOL and BEL has the filename ‘HOLBEL.000’). Additionally a closed borderline for each country is stored. The names of these files are the country code and the extension ‘.all’ (e.g. ‘I__.all’)

(Lines to calculate the cross border range in Mobile Service use the extension ‘.CBR’.)

Preferential lines (x-km lines) use the value of the distance to the borderline as extension (e.g. ‘.015’ for a 15 km line). For the Fixed Service HCM program only the ‘*.all’ data are used. 

Line data files consists of fixed length records without carriage control.

To create a record, the co-ordinates of 10 points following each other are selected. The centre of this 10 co-ordinates is calculated. This is the 11th point. All co-ordinates are in decimal form, longitude first, latitude second (e.g. 10.14567 45.39876). The result of all 11 points is 22 numbers. This 22 values are converted to radian (value x ( / 180) and stored in REAL x 8 variables. All converted 22 values are stored in one record writing 22 x 8 = 176 Bytes.

Record:

long 1, lat 1, long 2, lat 2,…..long 10, lat 10, long11, lat11

Part of a FORTRAN code to store the data (22 radian values of co-ordinates)


PROGRAM TEST

C


DOUBLE PRECISION
COORD(22)


CHARACTER*176
LINE

C


EQUIVALENCE (COORD, LINE)

C


OPEN (UNIT=1, FILE=’HOLBEL.000’, ACCESS = ‘DIRECT’, RECL = 176)


WRITE (1, REC=1) LINE

C

C
LINE and COORD use the same memory space (EQUIVALENCE statement) !

C


CLOSE (UNIT=1)

C


END

If for the last record the number of the remaining points is less than 10, the co-ordinates of the last available point is duplicated until 10 co-ordinates are reached.

The task of creating the files with line data is part of the BORDER program, which is available on the internet site of the HCM-Agreement.
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