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	Type of report (Bug, Enhancement or New Feature)

	New Feature

	Issue ID

	

	SEAMCAT version 

	5.4.3 Alpha1

	SEAMCAT component involved

	PMP

	Background information, reference documents and related tickets

	In July 2021, ITU-R SG 3 approved draft revision of Recommendation ITU-R P.452
“Prediction procedure for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz” 
which is now published by ITU-R (https://www.itu.int/rec/R-REC-P.452/en). 


	Description of the issue

	This revision aligns the free-space propagation model with Recommendation ITU-R P.525-4 “Calculation of free-space attenuation” by introducing slant-path distance between transmitter and receiver antennas instead of great-circle (horizontal) path distance (this was already implemented in SEAMCAT in version P.452-16) and by aligning the constant in the free space equation (92.4 dB instead of 92.5 dB).

	Proposal

	To consider implementing the new PMP that includes the most recent version of Recommendation ITU-R P.452-17. 
Annex 1 provides the JAVA source code of the new PMP and includes updated and new unit tests used to validate the implementation against the ITU-R SG 3 MATLAB reference results as well as the corresponding documentation for SEAMCAT Handbook.

	Suggested Priority (High, Medium or Low)

	High



PMP code
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P452ver17PropagationModel.javapackage org.seamcat.model.propagation;

import org.seamcat.model.distributions.Distribution;
import org.seamcat.model.factory.Factory;
import org.seamcat.model.functions.Bounds;
import org.seamcat.model.plugin.propagation.*;
import org.seamcat.model.plugin.system.ConsistencyCheckContext;
import org.seamcat.model.simulation.result.LinkResult;
import org.seamcat.model.types.Description;
import org.seamcat.model.types.result.DescriptionImpl;

import java.util.List;


public class P452ver17PropagationModel implements
        PropagationModelPlugin<P452ver17Input>,
        ClutterModel<P452ver17Input>
{
    //
    // Class implementation of Recommendation ITU-R P.452-17
    //
    // Rev   Date        Author                          Description
    //-------------------------------------------------------------------------------
    // v1    20JAN17     Ivica Stevanovic, OFCOM         Initial implementation in Java
    // v2    16JAN19     Ivica Stevanovic, OFCOM         If the nominal clutter distances are not
    //                                                   significantly smaller than Tx-Rx distance, then
    //                                                   the clutter loss will not be applied according to
    //                                                   Note 3, Section 4.5.4 of ITU-R P.452-16
    //                                                   Removed consistency checks and exceptions related to this distance
    // v3   25OCT21     Ivica Stevanovic, OFCOM          Aligned to P.452-17 (free space alignment with P.525)
    //
    //  Copyright (c) 2017- , Ivica Stevanovic
    //  All rights reserved.
    //
    // Redistribution and use in source and binary forms, with or without
    // modification, are permitted provided that the following conditions are
    // met:
    //
    //     * Redistributions of source code must retain the above copyright
    //       notice, this list of conditions and the following disclaimer.
    //     * Redistributions in binary form must reproduce the above copyright
    //       notice, this list of conditions and the following disclaimer in
    //       the documentation and/or other materials provided with the distribution
    //
    //
    ////
    // THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
    // AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
    // IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
    // ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
    // LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
    // CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
    // SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
    // INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
    // CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
    // ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
    // POSSIBILITY OF SUCH DAMAGE.
    //
    // THE AUTHORS AND OFCOM (CH) DO NOT PROVIDE ANY SUPPORT FOR THIS SOFTWARE
    ////

    @Override
    public void consistencyCheck(ConsistencyCheckContext context, P452ver17Input input) {
        Distribution frequency = context.getFrequency();

        Bounds bounds = frequency.getBounds();
        if (bounds.getMin() < 100 || bounds.getMax() > 50000) {
            context.addError("P.452-17 model applicable for frequencies in the range 100 MHz to 50 GHz");
        }
    }

    private final double rW = 0; // fraction of the total path over water. Set to zero as sea path not simulated

    private static double getHeight(ClutterEnvironment env) {
        switch (env) {
            case SUBURBAN:
                return 9D;
            case DENSE_SUBURBAN:
                return 12D;
            case URBAN:
                return 20D;
            case DENSE_URBAN:
                return 25D;
            case HIGH_RISE_URBAN:
                return 35D;
            case INDUSTRIAL:
                return 20D;
            default: return 0;
        }
    }

    private static double getDistance(ClutterEnvironment env) {
        switch (env) {
            case SUBURBAN:
                return 0.025D;
            case DENSE_SUBURBAN:
                return 0.02D;
            case URBAN:
                return 0.02D;
            case DENSE_URBAN:
                return 0.02D;
            case HIGH_RISE_URBAN:
                return 0.02D;
            case INDUSTRIAL:
                return 0.05D;
            default: return 0;
        }
    }

    @Override
    public double evaluate(LinkResult linkResult, boolean variations, P452ver17Input input) {
        double rFreq = linkResult.getFrequency();
        double rDist = linkResult.getTxRxDistance();
        double rHTx = linkResult.txAntenna().getHeight();
        double rHRx = linkResult.rxAntenna().getHeight();

        double rL = 0.0;
        double rStdDev = 0.0; // Initial loss set to zero (what about variations
        // included in diffraction loss ???)
        double rP;

        double ha_t = 0.0;
        double ha_r = 0.0;
        double dk_t = 0.0;
        double dk_r = 0.0;

        //rAht = input.clutterLossTx();
        //rAhr = input.clutterLossRx();
        if (input.useClutter()) {
            if (input.clutterUserSpecified()) { //REMARK: modified by KK
                ha_t = input.clutterNominalHeightTx();
                ha_r = input.clutterNominalHeightRx();
                dk_t = input.clutterNominalDistanceTx();
                dk_r = input.clutterNominalDistanceRx();
            } else {
                ha_t = getHeight(input.clutterAtTx().getSelected().getEnv());
                ha_r = getHeight(input.clutterAtRx().getSelected().getEnv());
                dk_t = getDistance(input.clutterAtTx().getSelected().getEnv());
                dk_r = getDistance(input.clutterAtRx().getSelected().getEnv());
            }

        }



        double rRho1 = input.waterConcentration(); // water vapour density for tropospheric study only
        double rRho2 = 7.5 + 2.5 * rW; // water vapour density for ducting study and Line of Sight propagation

        // general variable
        rP = input.timePercentage().trial();

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double [] rDisti;
        double [] rHighti;
        int [] iZonei;

        int rTotalLength = Math.max(5, (int) Math.round( rDist/ rStep));
        rStep = rDist/(rTotalLength-1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
        rDisti = new double [rTotalLength];
        rHighti = new double [rTotalLength];
        iZonei = new int [rTotalLength];

        rDisti[0]=0;
        rHighti[0] = 0;  // for flat only terrain
        iZonei[0] = 2;   // for land only paths
        double rpol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;


        if ( rDist < 10 * dk_r ) { //REMARK: see Note 3 of ITU-R P.456-16 section 4.5.4 -> d significantly larger than dk
            dk_r = 0.0;
            ha_r = 0.0;
        }

        if ( rDist < 10 * dk_t ) { //REMARK: see Note 3 of ITU-R P.456-16 section 4.5.4 -> d significantly larger than dk
            dk_t = 0.0;
            ha_t = 0.0;
        }


        // in this implementation the path is flat (0 masl) and land only (zone = 2)
        // however, the function tl_p452 is complete implementation of P.452-16 including mixed paths.
        for (int i=1; i < rTotalLength ; i++){
            rDisti[i] = rDisti[i-1] + rStep;
            rHighti[i] = 0;
            iZonei[i] = 2;
        }

        //System.out.printf(     "rDisti[0]    =  %.10g\n"  ,rDisti[0]);
        //System.out.printf(     "rDisti[%d]    =  %.10g\n"  ,rDisti.length-1,rDisti[rDisti.length-1]);

        rL = tl_p452(rFreq / 1000, rP, rDisti, rHighti, iZonei, rHTx, rHRx, input.latitude(), input.latitude(),
                linkResult.txAntenna().getGain(), linkResult.rxAntenna().getGain(), rpol, dct, dcr, input.refractionIndex(), input.seaLevelSurfaceRefractivity(),
                input.surfacePressure(), input.surfaceTemperature(), ha_t, ha_r, dk_t, dk_r,
                input.diffractionOnly());

        // calculation of the standard deviation
        if (variations) {
            rL += Factory.distributionFactory().getGaussianDistribution(0, rStdDev).trial();
        }

        if (Double.isInfinite(rL)) {
            rL = 20 * Math.log10(rFreq) - 100;//represents a symbolic distance of about 0.3 mm
        }
        return rL;
    }

    @Override
    public NamedClutterEnvironment rxEnvironmentSelected(P452ver17Input input) {
        if (!input.useClutter()) return new NamedClutterEnvironment(ClutterEnvironment.NONE);
        if ( input.clutterUserSpecified() ) {
            return ClutterEnvironment.NAMED_USER_SPECIFIED;
        } else {
            return input.clutterAtRx().getSelected();
        }
    }

    @Override
    public List<NamedClutterEnvironment> getRxEnvironments() {
        List<NamedClutterEnvironment> values = P452ver17Input.defaultEnvironment().getValues();
        values.add(new NamedClutterEnvironment(ClutterEnvironment.NONE));
        values.add(ClutterEnvironment.NAMED_USER_SPECIFIED);
        return values;
    }

    @Override
    public NamedClutterEnvironment txEnvironmentSelected(P452ver17Input input) {
        if (!input.useClutter()) return new NamedClutterEnvironment(ClutterEnvironment.NONE);
        if ( input.clutterUserSpecified() ) {
            return ClutterEnvironment.NAMED_USER_SPECIFIED;
        } else {
            return input.clutterAtTx().getSelected();
        }
    }

    @Override
    public List<NamedClutterEnvironment> getTxEnvironments() {
        return getRxEnvironments();
    }

    @Override
    public boolean supportSeparateRxTxEnvironments() {
        return true;
    }

    public double Jfunction(double rInput){
        double rValue = 0;

        rValue = 6.9 + 20 * Math.log10(Math.sqrt(Math.pow(rInput - 0.1, 2) + 1) + rInput - 0.1);

        return rValue;
    }

    public double tl_p452(double f, double p, double[] d, double[] h, int[] zone, double htg, double hrg,
                          double phi_t, double phi_r, double Gt, double Gr, double pol, double dct, double dcr,
                          double DN, double N0, double press, double temp, double ha_t, double ha_r, double dk_t,
                          double dk_r, boolean diffractionOnly) {
        //tl_p452 basic transmission loss according to P.452-17
        //   Lb = tl_p452(f, p, d, h, zone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, diffraction_only )
        //
        //   This is the MAIN function that computes the basic transmission loss not exceeded for p% of time
        //   as defined in ITU-R P.452-17 (Section 4.6).
        //
        //     Input parameters:
        //     f       -   Frequency (GHz)
        //     p       -   Required time percentage for which the calculated basic
        //                 transmission loss is not exceeded
        //     d       -   vector of distances di of the i-th profile point (km)
        //     h       -   vector of heights hi of the i-th profile point (meters
        //                 above mean sea level. Both vectors contain n+1 profile points
        //     zone    -   Zone type: Coastal land (1), Inland (2) or Sea (3)
        //     htg     -   Tx Antenna center heigth above ground level (m)
        //     hrg     -   Rx Antenna center heigth above ground level (m)
        //     phi_t   -   Latitude of Tx station (degrees)
        //     phi_r   -   Latitude of Rx station (degrees)
        //     Gt, Gr  -   Antenna gain in the direction of the horizon along the
        //                 great-circle interference path (dBi)
        //     pol     -   polarization of the signal (1) vertical, (2) horizontal
        //     dct     -   Distance over land from the transmit and receive
        //     dcr         antennas to the coast along the great-circle interference path (km).
        //                 Set to zero for a terminal on a ship or sea platform
        //     DN      -   The average radio-refractive index lapse-rate through the
        //                 lowest 1 km of the atmosphere (it is a positive quantity in this
        //                 procedure) (N-units/km)
        //     N0      -   The sea-level surface refractivity, is used only by the
        //                 troposcatter model as a measure of location variability of the
        //                 troposcatter mechanism. The correct values of DN and N0 are given by
        //                 the path-centre values as derived from the appropriate
        //                 maps (N-units)
        //     press   -   Dry air pressure (hPa)
        //     temp    -   Air temperature (degrees C)
        //     ha_t    -   Clutter nominal height (m) at the Tx side
        //     ha_r    -   Clutter nominal height (m) at the Rx side
        //     dk_t    -   Clutter nominal distance (km) at the Tx side
        //     dk_r    -   Clutter nominal distance (km) at the Rx side
        //     diffraction_only - computes the basic transmission loss from diffraction only (boolean)
        //
        //     Output parameters:
        //     Lb     -   basic  transmission loss according to P.452-16
        //
        //     Example:
        //     Lb = tl_p452(f, p, d, h, zone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, diffraction_only)

        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    02JAN16     Ivica Stevanovic, OFCOM         Initial version in MATLAB
        //     v1    10MAR16     Ivica Stevanovic, OFCOM         Introduced clutter losses
        //     v2    15NOV16     Ivica Stevanovic, OFCOM         Corrected definition for Fj
        //     v3    16NOV16     Ivica Stevanovic, OFCOM         Corrected bug in dl_se_ft
        //     v4    17NOV16     Ivica Stevanovic, OFCOM         Translated to Java
        //     v5    01MAY17     Ivica Stevanovic, OFCOM         corrected bug in dl_bull (Srim computation)
        //     v6    20JUL18     Ivica Stevanovic, OFCOM         introduced 3-D path length for shorter distances in free space model


        //
        // THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
        // EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
        // MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
        // IN NO EVENT SHALL THE AUTHORS BE LIABLE FOR ANY CLAIM, DAMAGES OR
        // OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
        // ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
        // OTHER DEALINGS IN THE SOFTWARE.
        //
        // THE AUTHOR(S) AND OFCOM (CH) DO NOT PROVIDE ANY SUPPORT FOR THIS SOFTWARE
        //
        int zone_r;

        // Compute the path profile parameters
        // Path center latitude
        double phi_path = (phi_t + phi_r) / 2;

        // Compute  dtm     -   the longest continuous land (inland + coastal) section of the great-circle path (km)
        zone_r = 12;
        double dtm = longest_cont_dist(d, zone, zone_r);

        // Compute  dlm     -   the longest continuous inland section of the great-circle path (km)
        zone_r = 2;
        double dlm = longest_cont_dist(d, zone, zone_r);

        // Compute b0
        double b0 = beta0(phi_path, dtm, dlm);
        //System.out.printf(     "b0    =  %.10g\n"  ,b0);

        double[] aa = earth_rad_eff(DN);

        double ae = aa[0];
        double ab = aa[1];

        // Compute the path fraction over see

        double omega = path_fraction_sea(d, zone, 3);
        double Aht = 0;
        double Ahr = 0;
        // Modify the path according to Section 4.5.4, Step 1 and compute clutter losses

        double[] clut = closs_corr(f, d, h, zone, htg, hrg, ha_t, ha_r, dk_t, dk_r);

        int index1 = (int) clut[0];
        int index2 = (int) clut[1];
        //System.out.printf(     "index1    =  %d\n"  ,index1);
        //System.out.printf(     "index2    =  %d\n"  ,index2);
        htg = clut[2];
        hrg = clut[3];
        Aht = clut[4];
        Ahr = clut[5];

        int N = index2-index1+1;
        double[] dc = new double[N];
        double[] hc = new double[N];
        int[] zonec = new int[N];

        // Modify the path to take into account the clutter loss (if any)
        for (int ii = index1; ii<=index2; ii++){
            dc[ii-index1] = d[ii] - d[index1];
            hc[ii-index1] = h[ii];
            zonec[ii-index1]= zone[ii];
        }

        //System.out.printf(     "d[%d]    =  %.10g\n",  index1 ,d[index1]);
        //System.out.printf(     "d[%d]    =  %.10g\n",  index2 ,d[index2]);

        int n = dc.length;
        double[] seh = smooth_earth_heights(dc, hc, htg, hrg, ae, f);
        double hst = seh[0];
        double hsr = seh[1];
        double hstd = seh[2];
        double hsrd = seh[3];
        double hte = seh[4];
        double hre = seh[5];
        double hm = seh[6];
        double dlt = seh[7];
        double dlr = seh[8];
        double theta_t = seh[9];
        double theta_r = seh[10];
        double theta = seh[11];
        double pathtype = seh[12];

        double dtot = dc[n - 1] - dc[0];

        //Tx and Rx antenna heights above mean sea level amsl (m)
        //double hts = h[0] + htgc;
        //double hrs = h[n-1] + hrgc;
        double hts = hc[0] + htg;
        double hrs = hc[n - 1] + hrg;



        /*  System.out.printf(     "hst    =  %.10g\n"  ,hst);
          System.out.printf(     "hsr    =  %.10g\n"  ,hsr);
          System.out.printf(     "hstd   =  %.10g\n"  ,hstd);
          System.out.printf(     "hsrd   =  %.10g\n"  ,hsrd);
          System.out.printf(     "hte    =  %.10g\n"  ,hte);
          System.out.printf(     "hre    =  %.10g\n"  ,hre);
          System.out.printf(     "htg    =  %.10g\n"  ,htg);
          System.out.printf(     "hrg    =  %.10g\n"  ,hrg);
          System.out.printf(     "hm     =  %.10g\n"  ,hm);
          System.out.printf(     "dlt    =  %.10g\n"  ,dlt);
          System.out.printf(     "dlr    =  %.10g\n"  ,dlr);
          System.out.printf(     "th_t   =  %.10g\n"  ,theta_t);
          System.out.printf(     "th_r   =  %.10g\n"  ,theta_r);
          System.out.printf(     "th     =  %.10g\n"  ,theta);
          System.out.printf(     "ptype  =  %.10g\n"  ,pathtype);
          System.out.printf(     "dtot   =  %.10g\n"  ,dtot);
          System.out.printf(     "hts    =  %.10g\n"  ,hts);
          System.out.printf(     "hrs    =  %.10g\n"  ,hrs);
        */
        // Effective Earth curvature Ce (km^-1)

        double Ce = 1 / ae;

        // Wavelength in meters

        double lambda = 0.3 / f;


        // Find the intermediate profile point with the highest slope of the line
        // from the transmitter to the point

        double Stim = ((hc[1] + 500 * Ce * dc[1] * (dtot - dc[1]) - hts) / dc[1]);

        for (int i = 2; i < n - 1; i++) {
            Stim = Math.max(Stim, (hc[i] + 500 * Ce * dc[i] * (dtot - dc[i]) - hts) / dc[i]);           // Eq (14)
        }

        // Calculate the slope of the line from transmitter to receiver assuming a
        // LoS path

        double Str = (hrs - hts) / dtot;                                         // Eq (15)

        // Calculate an interpolation factor Fj to take account of the path angular
        // distance (58)
        //System.out.printf(     "Stim    =  %.10g\n"  ,Stim);
        //System.out.printf(     "Str    =  %.10g\n"  ,Str);
        double THETA = 0.3;
        double KSI = 0.8;

        // changed the definition for Fj on 15DEC16.
        //Fj = 1.0 - 0.5*( 1.0 + tanh(3.0 * KSI * (theta-THETA)/THETA) );
        double Fj = 1.0 - 0.5 * (1.0 + Math.tanh(3.0 * KSI * (Stim - Str) / THETA));

        // Calculate an interpolation factor, Fk, to take account of the great
        // circle path distance:

        double dsw = 20;
        double kappa = 0.5;

        double Fk = 1.0 - 0.5 * (1.0 + Math.tanh(3.0 * kappa * (dtot - dsw) / dsw)); // eq (59)

        //  System.out.printf(     "Fj    =  %.10g\n"  ,Fj);
        //  System.out.printf(     "Fk    =  %.10g\n"  ,Fk);

        // Compute the total 3D distance
        double d3d = Math.sqrt(dtot*dtot + Math.pow((hts - hrs)/1000.0, 2.0));

        //double[] Lpl = pl_los(dtot, f, p, b0, omega, temp, press, dlt, dlr);

        double[] Lpl = pl_los(d3d, f, p, b0, omega, temp, press, dlt, dlr);

        double Lbfsg = Lpl[0];
        double Lb0p = Lpl[1];
        double Lb0b = Lpl[2];

        double[] Ldl = dl_p(dc, hc, hts, hrs, hstd, hsrd, f, omega, p, b0, DN, pol);
        double Ldp = Ldl[0];
        double Ld50 = Ldl[1];

        //System.out.printf(     "Lp    =  %.10g\n"  ,Ldp);
        //System.out.printf(     "Ld50    =  %.10g\n"  ,Ld50);


        // The median basic transmission loss associated with diffraction Eq (43)

        double Lbd50 = Lbfsg + Ld50;

        // The basic tranmission loss associated with diffraction not exceeded for
        // p% time Eq (44)

        double Lbd = Lb0p + Ldp;
        if ( diffractionOnly ) {
            return Lbd;
        }

        // A notional minimum basic transmission loss associated with LoS
        // propagation and over-sea sub-path diffraction

        double Lminb0p = Lb0p + (1 - omega) * Ldp;

        double Fi = 1;

        if (p >= b0) {

            Fi = inv_cum_norm(p / 100) / inv_cum_norm(b0 / 100);   //eq (41a)

            Lminb0p = Lbd50 + (Lb0b + (1 - omega) * Ldp - Lbd50) * Fi;   // eq (60)

        }

        // Calculate a notional minimum basic transmission loss associated with LoS
        // and transhorizon signal enhancements

        double eta = 2.5;

        double Lba = tl_anomalous(dtot, dlt, dlr, dct, dcr, dlm, hts, hrs, hte, hre, hm, theta_t, theta_r, f, p, temp, press, omega, ae, b0);

        double Lminbap = eta * Math.log(Math.exp(Lba / eta) + Math.exp(Lb0p / eta));    // eq (61)

        // Calculate a notional basic transmission loss associated with diffraction
        // and LoS or ducting/layer reflection enhancements

        double Lbda = Lbd;

        if (Lminbap <= Lbd) {
            Lbda = Lminbap + (Lbd - Lminbap) * Fk;
        }

        // Calculate a modified basic transmission loss, which takes diffraction and
        // LoS or ducting/layer-reflection enhancements into account

        double Lbam = Lbda + (Lminb0p - Lbda) * Fj;   // eq (63)

        // Calculate the basic transmission loss due to troposcatter not exceeded
        // for any time percantage p

        double Lbs = tl_tropo(dtot, theta, f, p, temp, press, N0, Gt, Gr);

        // Calculate the final transmission loss not exceeded for p// time
        return -5 * Math.log10(Math.pow(10, -0.2 * Lbs) + Math.pow(10, -0.2 * Lbam))+ Aht + Ahr;  // eq (64)
    }

    public double tl_anomalous(double dtot, double dlt, double dlr, double dct, double dcr, double dlm, double hts, double hrs, double hte, double hre, double hm, double theta_t, double theta_r, double f, double p, double temp, double press, double omega, double ae, double b0) {
        //tl_anomalous Basic transmission loss due to anomalous propagation according to P.452-17
        //   Lba = tl_anomalous(dtot, dlt, dlr, dct, dcr, dlm, hts, hrs, hte, hre, hm, theta_t, theta_r, f, p, temp, press, omega, ae, b0)
        //
        //   This function computes the basic transmission loss occuring during
        //   periods of anomalous propagation (ducting and layer reflection)
        //   as defined in ITU-R P.452-17 (Section 4.4)
        //
        //     Input parameters:
        //     dtot         -   Great-circle path distance (km)
        //     dlt          -   interfering antenna horizon distance (km)
        //     dlr          -   Interfered-with antenna horizon distance (km)
        //     dct, dcr     -   Distance over land from the transmit and receive
        //                      antennas tothe coast along the great-circle interference path (km).
        //                      Set to zero for a terminal on a ship or sea platform
        //     dlm          -   the longest continuous inland section of the great-circle path (km)
        //     hts, hrs     -   Tx and Rx antenna heights aobe mean sea level amsl (m)
        //     hte, hre     -   Tx and Rx terminal effective heights for the ducting/layer reflection model (m)
        //     hm           -   The terrain roughness parameter (m)
        //     theta_t      -   Interfering antenna horizon elevation angle (mrad)
        //     theta_r      -   Interfered-with antenna horizon elevation angle (mrad)
        //     f            -   frequency expressed in GHz
        //     p            -   percentage of time
        //     temp         -   Temperature (deg C)
        //     press        -   Dry air pressure (hPa)
        //     omega        -   fraction of the total path over water
        //     ae           -   the median effective Earth radius (km)
        //     b0           -   the time percentage that the refractivity gradient (DELTA-N) exceeds 100 N-units/km in the first 100m of the lower atmosphere
        //
        //     Output parameters:
        //     Lba    -   the basic transmission loss due to anomalous propagation
        //               (ducting and layer reflection)
        //
        //     Example:
        //     Lba = tl_anomalous(dtot, dlt, dlr, dct, dcr, dlm, hts, hrs, hte, hre, hm, theta_t, theta_r, f, p, temp, press, omega, b0)
        //
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         Initial version in Java
        //     v1    16MAY17     Ivica Stevanovic, OFCOM         included lower limit for alpha and upper limit for mu2


        // empirical correction to account for the increasing attenuation with
        // wavelength inducted propagation (47a)

        double Alf = 0;

        if (f < 0.5) {
            Alf = 45.375 - 137.0 * f + 92.5 * f * f;
        }

        // site-shielding diffraction losses for the interfering and interfered-with
        // stations (48)

        double theta_t1 = theta_t - 0.1 * dlt;    // eq (48a)
        double theta_r1 = theta_r - 0.1 * dlr;

        double Ast = 0;
        double Asr = 0;

        if (theta_t1 > 0) {
            Ast = 20 * Math.log10(1 + 0.361 * theta_t1 * Math.sqrt(f * dlt)) + 0.264 * theta_t1 * Math.pow(f, 1.0 / 3.0);
        }

        if (theta_r1 > 0) {
            Asr = 20 * Math.log10(1 + 0.361 * theta_r1 * Math.sqrt(f * dlr)) + 0.264 * theta_r1 * Math.pow(f, 1.0 / 3.0);
        }

        // over-sea surface duct coupling correction for the interfering and
        // interfered-with stations (49) and (49a)

        double Act = 0;
        double Acr = 0;

        if (dct <= 5) {
            if (dct <= dlt) {
                if (omega >= 0.75) {
                    Act = -3 * Math.exp(-0.25 * dct * dct) * (1 + Math.tanh(0.07 * (50 - hts)));
                }
            }
        }

        if (dcr <= 5) {
            if (dcr <= dlr) {
                if (omega >= 0.75) {
                    Acr = -3 * Math.exp(-0.25 * dcr * dcr) * (1 + Math.tanh(0.07 * (50 - hrs)));
                }
            }
        }

        // specific attenuation (51)

        double gamma_d = 5e-5 * ae * Math.pow(f, 1.0 / 3.0);

        // angular distance (corrected where appropriate) (52-52a)

        theta_t1 = theta_t;
        theta_r1 = theta_r;

        if (theta_t > 0.1 * dlt) {
            theta_t1 = 0.1 * dlt;
        }

        if (theta_r > 0.1 * dlr) {
            theta_r1 = 0.1 * dlr;
        }

        double theta1 = 1e3 * dtot / ae + theta_t1 + theta_r1;

        double dI = Math.min(dtot - dlt - dlr, 40);   // eq (56a)

        double mu3 = 1;

        if (hm > 10) {

            mu3 = Math.exp(-4.6e-5 * (hm - 10) * (43 + 6 * dI));  // eq (56)

        }

        double tau = 1 - Math.exp(-(4.12e-4 * Math.pow(dlm, 2.41)));       // eq (3a)

        double epsilon = 3.5;

        double alpha = -0.6 - epsilon * 1e-9 * Math.pow(dtot, 3.1) * tau;   // eq (55a)

        if (alpha< -3.4) { // added 16.05.2017 - Ivica Stevanovic
            alpha = -3.4;
        }


        // correction for path geometry:

        double mu2 = Math.pow(500 / ae * dtot * dtot / Math.pow(Math.sqrt(hte) + Math.sqrt(hre), 2), alpha);

        if (mu2 > 1){ // added 16.05.2017 - Ivica Stevanovic
            mu2 = 1;
        }
        double beta = b0 * mu2 * mu3;      // eq (54)

        beta = Math.max(beta, 1e-16);      // to avoid division by zero

        double Gamma = 1.076 / Math.pow(2.0058 - Math.log10(beta), 1.012) * Math.exp(-(9.51 - 4.8 * Math.log10(beta) + 0.198 * Math.pow(Math.log10(beta), 2)) * 1e-6 * Math.pow(dtot, 1.13));

        // time percentage variablity (cumulative distribution):

        double Ap = -12 + (1.2 + 3.7e-3 * dtot) * Math.log10(p / beta) + 12 * Math.pow(p / beta, Gamma);  // eq (53)

        // time percentage and angular-distance dependent losses within the
        // anomalous propagation mechanism

        double Adp = gamma_d * theta1 + Ap;   // eq (50)

        // gaseous absorbtion derived from equation (9) using rho = 3 g/m^3 for the
        // whole path length

        // water vapor density

        double rho = 7.5 + 2.5 * omega;

        double T = temp + 273.15;

        // compute specific attenuation due to dry air and water vapor:
        double g = p676_ga_ver11(f, press, rho, T);

        double Ag = g * dtot;  //(9)

        // total of fixed coupling losses (except for local clutter losses) between
        // the antennas and the anomalous propagation structure within the
        // atmosphere (47)

        double Af = 102.45 + 20 * Math.log10(f) + 20 * Math.log10(dlt + dlr) + Alf + Ast + Asr + Act + Acr;

        // total basic transmission loss occuring during periods of anomalaous
        // propagation

        return Af + Adp + Ag;

    }

    public double tl_tropo(double dtot, double theta, double f, double p, double temp, double press, double N0, double Gt, double Gr ) {
        //tl_tropo Basic transmission loss due to troposcatterer to P.452-17
        //   Lbs = tl_tropo(dtot, theta, f, p, temp, press, N0, Gt, Gr )
        //
        //   This function computes the basic transmission loss due to troposcatterer
        //   not exceeded for p// of time
        //   as defined in ITU-R P.452-17 (Section 4.3)
        //
        //     Input parameters:
        //     dtot    -   Great-circle path distance (km)
        //     theta   -   Path angular distance (mrad)
        //     f       -   frequency expressed in GHz
        //     p       -   percentage of time
        //     temp    -   Temperature (deg C)
        //     press   -   Dry air pressure (hPa)
        //     N0      -   path centre sea-level surface refractivity derived from Fig. 6
        //     Gt,Gr   -   Antenna gain in the direction of the horizon along the
        //                 great-circle interference path (dBi)
        //
        //     Output parameters:
        //     Lbs    -   the basic transmission loss due to troposcatterer
        //                not exceeded for p// of time
        //
        //     Example:
        //     Lbs = tl_tropo(dtot, theta, f, p, temp, press, N0, Gt, Gr )
        //
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         Initial version


        //// Body of function

        double T = temp + 273.15;

        // Frequency dependent loss

        double Lf = 25 * Math.log10(f) - 2.5 * Math.pow(Math.log10(f / 2), 2);    // eq (45a)

        // aperture to medium coupling loss (dB)

        double Lc = 0.051 * Math.exp(0.055 * (Gt + Gr));             // eq (45b)

        // gaseous absorbtion derived from equation (9) using rho = 3 g/m^3 for the
        // whole path length

        double rho = 3;

        // compute specific attenuation due to dry air and water vapor:
        double g = p676_ga_ver11(f, press, rho, T);

        double Ag = g * dtot;  //(9)

        // the basic transmission loss due to troposcatter not exceeded for any time
        // percentage p, below 50// is given

        return 190 + Lf + 20 * Math.log10(dtot) + 0.573 * theta - 0.15 * N0 + Lc + Ag - 10.1 * Math.pow(-Math.log10(p / 50), 0.7);
    }

    public double[]  smooth_earth_heights(double[] d, double[] hi, double htg, double hrg, double ae, double f) {
        //smooth_earth_heights smooth-Earth effective antenna heights according to ITU-R P.452-17
        // [hst, hsr, hstd, hsrd, hte, hre, hm, dlt, dlr, theta_t, theta_r, theta_tot, pathtype] = smooth_earth_heights(d, h, htg, hrg, ae, f)
        // This function derives smooth-Earth effective antenna heights according to
        // Sections 4 and 5 of the Annex 2 of ITU-R P.452-17
        //
        // Input parameters:
        // rd          -   vector of terrain profile distances from Tx [0,rDist] (km)
        // rhi         -   vector of terrain profile heigths amsl (m)
        // rhtg, rhrg  -   Tx and Rx antenna heights above ground level (m)
        // rae         -   median effective Earth's radius (c.f. Eq (6a))
        // rFreq       -   frequency (GHz)
        //
        // Output parameters:
        //
        // [0] hst, [1] hsr     -   Tx and Rx antenna heigts of the smooth-Earth surface amsl (m)
        // [2] hstd, [3] hsrd   -   Tx and Rx effective antenna heigts for the diffraction model (m)
        // [4] hte, [5] hre     -   Tx and Rx terminal effective heights for the ducting/layer reflection model (m)
        // [6] hm               -   The terrain roughness parameter (m)
        // [7]     dlt          -   interfering antenna horizon distance (km)
        // [8]     dlr          -   Interfered-with antenna horizon distance (km)
        // [9]     theta_t      -   Interfering antenna horizon elevation angle (mrad)
        // [10]    theta_r      -   Interfered-with antenna horizon elevation angle (mrad)
        // [11]    theta_tot    -   Angular distance (mrad)
        // [12]    pathtype     -   1 = 'los', 2 = 'transhorizon'
        //
        // Rev   Date        Author                          Description
        // -------------------------------------------------------------------------------
        // v0    16NOV16     Ivica Stevanovic, OFCOM         First implementation in Java


        int n = d.length;

        double dtot = d[n - 1];

        //Tx and Rx antenna heights above mean sea level amsl (m)
        double hts = hi[0] + htg;
        double hrs = hi[n - 1] + hrg;

        // Section 5.1.6.2


        double v1 = 0;
        for (int ii = 1; ii < n; ii++) {
            v1 = v1 + (d[ii] - d[ii - 1]) * (hi[ii] + hi[ii - 1]);  // Eq (161)
        }
        double v2 = 0;
        for (int ii = 1; ii < n; ii++) {
            v2 = v2 + (d[ii] - d[ii - 1]) * (hi[ii] * (2 * d[ii] + d[ii - 1]) + hi[ii - 1] * (d[ii] + 2 * d[ii - 1]));  // Eq (162)
        }

        double hst = (2 * v1 * dtot - v2) / (dtot * dtot);       // Eq (163)
        double hsr = (v2 - v1 * dtot) / (dtot * dtot);          // Eq (164)

        // Section 5.1.6.3

        double hobs = hi[1] - (hts * (dtot - d[1]) + hrs * d[1]) / dtot;  // Eq (165d)
        double alpha_obt = hobs / d[1];
        double alpha_obr = hobs / (dtot - d[1]);

        for (int ii = 2; ii < n - 1; ii++) {

            double hh = hi[ii] - (hts * (dtot - d[ii]) + hrs * d[ii]) / dtot;  // Eq (165d)

            hobs = Math.max(hh, hobs);                 // Eq (165a)

            alpha_obt = Math.max(alpha_obt, hh / d[ii]); // Eq (165b)

            alpha_obr = Math.max(alpha_obr, hh / (dtot - d[ii])); // Eq (165c)
        }

        // Calculate provisional values for the Tx and Rx smooth surface heights

        double gt = alpha_obt / (alpha_obt + alpha_obr);         // Eq (166e)
        double gr = alpha_obr / (alpha_obt + alpha_obr);         // Eq (166f)

        double hstp = 0;
        double hsrp = 0;

        if (hobs <= 0) {
            hstp = hst;                                 // Eq (166a)
            hsrp = hsr;                                 // Eq (166b)
        } else {
            hstp = hst - hobs * gt;                       // Eq (166c)
            hsrp = hsr - hobs * gr;                       // Eq (166d)
        }

        // calculate the final values as required by the diffraction model

        double hstd = 0;
        double hsrd = 0;

        if (hstp >= hi[0]) {
            hstd = hi[0];                                // Eq (167a)
        } else {
            hstd = hstp;                                // Eq (167b)
        }

        if (hsrp > hi[n - 1]) {
            hsrd = hi[n - 1];                              // Eq (167c)
        } else {
            hsrd = hsrp;                                // Eq (167d)
        }

        // Interfering antenna horizon elevation angle and distance


        double theta_t = 1000 * Math.atan((hi[1] - hts) / (1000 * d[1]) - d[1] / (2 * ae));  // Eq (152)
        int lt = 0;

        for (int ii = 2; ii < n - 1; ii++) {

            double theta = 1000 * Math.atan((hi[ii] - hts) / (1000 * d[ii]) - d[ii] / (2 * ae));  // Eq (152)

            if (theta > theta_t) {   // Eq (154)
                theta_t = theta;
                lt = ii;
            }


        }

        double theta_td = 1000 * Math.atan((hrs - hts) / (1000 * dtot) - dtot / (2 * ae));  // Eq (153)
        double theta_rd = 1000 * Math.atan((hts - hrs) / (1000 * dtot) - dtot / (2 * ae));  // not defined in the recommendation

        int pathtype = 1; //los

        if (theta_t > theta_td) {   // Eq (150): test for the trans-horizon path
            pathtype = 2; //transhorizon
        }

        double dlt = d[lt];                             // Eq (155)

        // Interfered-with antenna horizon elevation angle and distance

        double theta_r = 1000 * Math.atan((hi[1] - hrs) / (1000 * (dtot - d[1])) - (dtot - d[1]) / (2 * ae));  // Eq (157)

        int lr = 0;

        for (int ii = 2; ii < n - 1; ii++) {

            double theta = 1000 * Math.atan((hi[ii] - hrs) / (1000 * (dtot - d[ii])) - (dtot - d[ii]) / (2 * ae));  // Eq (157)

            if (theta > theta_r) {   // Eq (158)
                theta_r = theta;
                lr = ii;
            }


        }

        double dlr = dtot - d[lr];                            // Eq (158)

        if (pathtype == 1) {

            theta_t = theta_td;
            theta_r = theta_rd;

            double lambda = 0.3 / f;
            double Ce = 1 / ae;


            lt = 0;
            double numax = (hi[1] + 500 * Ce * d[1] * (dtot - d[1]) - (hts * (dtot - d[1]) + hrs * d[1]) / dtot) * Math.sqrt(0.002 * dtot / (lambda * d[1] * (dtot - d[1])));

            for (int ii = 2; ii < n - 1; ii++) {


                double nu = (hi[ii] + 500 * Ce * d[ii] * (dtot - d[ii]) - (hts * (dtot - d[ii]) + hrs * d[ii]) / dtot) * Math.sqrt(0.002 * dtot / (lambda * d[ii] * (dtot - d[ii])));

                if (nu > numax) {
                    numax = nu;
                    lt = ii;
                }
            }


            dlt = d[lt];
            dlr = dtot - dlt;

            lr = 0;

            for (int ii = 2; ii < n - 1; ii++) {

                if (dlr < dtot - d[ii]) {
                    lr = ii;
                }

            }
        }

        // Angular distance

        double theta_tot = 1e3 * dtot / ae + theta_t + theta_r;         // Eq (159)


        // Section 5.1.6.4 Ducting/layer-reflection model

        // Calculate the smooth-Earth heights at transmitter and receiver as
        // required for the roughness factor

        hst = Math.min(hst, hi[0]);                           // Eq (168a)
        hsr = Math.min(hsr, hi[n - 1]);                       // Eq (168b)

        // Slope of the smooth-Earth surface

        double m = (hsr - hst) / dtot;                          // Eq (169)

        // The terminal effective heigts for the ducting/layer-reflection model

        double hte = htg + hi[0] - hst;                       // Eq (170)
        double hre = hrg + hi[n - 1] - hsr;

        double hm = hi[lt] - (hst + m * d[lt]);

        for (int ii = lt + 1; ii <= lr; ii++) {

            hm = Math.max(hm, hi[ii] - (hst + m * d[ii]));
        }

        double[] smeth=new double[13];//declaration and instantiation.

        smeth[0] = hst;
        smeth[1] = hsr;
        smeth[2] = hstd;
        smeth[3] = hsrd;
        smeth[4] = hte;
        smeth[5] = hre;
        smeth[6] = hm;
        smeth[7] = dlt;
        smeth[8] = dlr;
        smeth[9] = theta_t;
        smeth[10] = theta_r;
        smeth[11] = theta_tot;
        smeth[12] = (double) pathtype;

        return smeth;
    }

    public double beta0(double phi, double dtm, double dlm) {
        ////
        //     This function computes the time percentage for which refractive index
        //     lapse-rates exceeding 100 N-units/km can be expected in the first 100
        //     m of the lower atmosphere
        //     as defined in ITU-R P.452-17.
        //
        //     Input arguments:
        //     phi     -   path centre latitude (deg)
        //     dtm     -   the longest continuous land (inland + coastal) section of the great-circle path (km)
        //     dlm     -   the longest continuous inland section of the great-circle path (km)
        //
        //     Output arguments:
        //     b0      -   the time percentage that the refractivity gradient (DELTA-N) exceeds 100 N-units/km in the first 100m of the lower atmosphere
        //
        //     Example:
        //     b0 = beta0(phi, dtm, dlm)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    16NOV16     Ivica Stevanovic, OFCOM         First implementation in Java


        double tau = 1 - Math.exp(-(4.12 * 1e-4 * Math.pow(dlm, 2.41)));       // (3a)

        double mu1 = Math.pow(Math.pow(10, -dtm / (16 - 6.6 * tau)) + Math.pow(10, -5 * (0.496 + 0.354 * tau)), 0.2);

        mu1 = Math.min(mu1, 1);
        double b0 = 0;
        if (Math.abs(phi) <= 70) {
            double mu4 = Math.pow(10, ((-0.935 + 0.0176 * Math.abs(phi)) * Math.log10(mu1)) );   // (4)
            b0 = Math.pow(10, (-0.015 * Math.abs(phi) + 1.67)) * mu1 * mu4;           // (2)
        } else {
            double mu4 = Math.pow(10, (0.3 * Math.log10(mu1)));                            // (4)
            b0 = 4.17 * mu1 * mu4;                                    // (2)
        }

        return b0;
    }

    public double[] pl_los(double d, double f, double p, double b0, double w, double temp, double press, double dlt, double dlr) {
        //pl_los Line-of-sight transmission loss according to ITU-R P.452-17
        //     This function computes line-of-sight transmission loss (including short-term effects)
        //     as defined in ITU-R P.452-17.
        //
        //     Input parameters:
        //     d       -   Great-circle path distance (km)
        //     f       -   Frequency (GHz)
        //     p       -   Required time percentage(s) for which the calculated basic
        //                 transmission loss is not exceeded (%)
        //     b0      -   Point incidence of anomalous propagation for the path
        //                 central location (%)
        //     w       -   Fraction of the total path over water (%)
        //     temp    -   Temperature (degrees C)
        //     press   -   Dry air pressure (hPa)
        //     dlt     -   For a transhorizon path, distance from the transmit antenna to
        //                 its horizon (km). For a LoS path, each is set to the distance
        //                 from the terminal to the profile point identified as the Bullington
        //                 point in the diffraction method for 50// time
        //     dlr     -   For a transhorizon path, distance from the receive antenna to
        //                 its horizon (km). The same note as for dlt applies here.
        //
        //     Output parameters:
        //     Lbfsg   -   Basic transmission loss due to free-space propagation and
        //                 attenuation by atmospheric gases
        //     Lb0p    -   Basic transmission loss not exceeded for time percentage, p%, due to LoS propagation
        //     Lb0b    -   Basic transmission loss not exceedd for time percentage, b0%, due to LoS propagation
        //
        //     Example:
        //     [Lbfsg, Lb0p, Lb0b] = pl_los(d, f, p, b0, w, temp, press, dlt, dlr)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    16NOV16     Ivica Stevanovic, OFCOM         First implementation in Java
        //     v1    26OCT21     Ivica Stevanovic, OFCOM        updated Lbfsg according to ITU-R P.452-17

        double T = temp + 273.15;

        // water vapor density
        double rho = 7.5 + 2.5 * w;  // (9a)

        // compute specific attenuation due to dry air and water vapor:

        double g = p676_ga_ver11(f, press, rho, T);

        double Ag = g * d;  //(9)

        // Basic transmission loss due to free-space propagation and attenuation
        // by atmospheric gases
        // double Lbfsg = 92.5 + 20.0 * Math.log10(f) + 20.0 * Math.log10(d) + Ag;  // (8)
        double Lbfsg = 92.4 + 20.0 * Math.log10(f) + 20.0 * Math.log10(d) + Ag;  // (8)

        // Corrections for multipath and focusing effects at p and b0
        double Esp = 2.6 * (1 - Math.exp(-0.1 * (dlt + dlr))) * Math.log10(p / 50);   //(10a)
        double Esb = 2.6 * (1 - Math.exp(-0.1 * (dlt + dlr))) * Math.log10(b0 / 50);  //(10b)

        // Basic transmission loss not exceeded for time percentage p// due to
        // LoS propagation
        double Lb0p = Lbfsg + Esp;    //(11)

        // Basic transmission loss not exceeded for time percentage b0// due to
        // LoS propagation
        double Lb0b = Lbfsg + Esb;    //(12)

        double[] Lb = new double[3];
        Lb[0] = Lbfsg;
        Lb[1] = Lb0p;
        Lb[2] = Lb0b;


        return Lb;
    }



    public double  p676_ga_ver10(double f, double p, double rho, double T) {
        //p676_ga Specific attenuation due to dry air and water vapour
        // g p676_ga(f, p, rho, T)
        // This function computes the specific attenuation due to dry air and water vapour,
        // at frequencies up to 1 000 GHz for different values of of pressure, temperature
        // and humidity by means of a summation of the individual resonance lines from
        // oxygen and water vapour according to ITU-R P.676-10
        //
        // Input parameters:
        // f       -   Frequency (GHz)
        // p       -   Dry air pressure (hPa)
        // rho     -   Water vapor density (g/m^3)
        // T       -   Temperature (K)
        //
        // Output parameters:
        // g  -   sum of specific attenuations due to dry air and water vapour
        //
        //
        // Rev   Date        Author                          Description
        // ----------------------------------------------------------------------------------------------
        // v0    16NOV16     Ivica Stevanovic, OFCOM         First implementation in Java
        //
        //


        //// spectroscopic data for oxigen
        //       f0        a1    a2     a3   a4     a5     a6
        double[][] oxigen = new double[][]{
                {50.474214, 0.975, 9.651, 6.690, 0.0, 2.566, 6.850},
                {50.987745, 2.529, 8.653, 7.170, 0.0, 2.246, 6.800},
                {51.503360, 6.193, 7.709, 7.640, 0.0, 1.947, 6.729},
                {52.021429, 14.320, 6.819, 8.110, 0.0, 1.667, 6.640},
                {52.542418, 31.240, 5.983, 8.580, 0.0, 1.388, 6.526},
                {53.066934, 64.290, 5.201, 9.060, 0.0, 1.349, 6.206},
                {53.595775, 124.600, 4.474, 9.550, 0.0, 2.227, 5.085},
                {54.130025, 227.300, 3.800, 9.960, 0.0, 3.170, 3.750},
                {54.671180, 389.700, 3.182, 10.370, 0.0, 3.558, 2.654},
                {55.221384, 627.100, 2.618, 10.890, 0.0, 2.560, 2.952},
                {55.783815, 945.300, 2.109, 11.340, 0.0, -1.172, 6.135},
                {56.264774, 543.400, 0.014, 17.030, 0.0, 3.525, -0.978},
                {56.363399, 1331.800, 1.654, 11.890, 0.0, -2.378, 6.547},
                {56.968211, 1746.600, 1.255, 12.230, 0.0, -3.545, 6.451},
                {57.612486, 2120.100, 0.910, 12.620, 0.0, -5.416, 6.056},
                {58.323877, 2363.700, 0.621, 12.950, 0.0, -1.932, 0.436},
                {58.446588, 1442.100, 0.083, 14.910, 0.0, 6.768, -1.273},
                {59.164204, 2379.900, 0.387, 13.530, 0.0, -6.561, 2.309},
                {59.590983, 2090.700, 0.207, 14.080, 0.0, 6.957, -0.776},
                {60.306056, 2103.400, 0.207, 14.150, 0.0, -6.395, 0.699},
                {60.434778, 2438.000, 0.386, 13.390, 0.0, 6.342, -2.825},
                {61.150562, 2479.500, 0.621, 12.920, 0.0, 1.014, -0.584},
                {61.800158, 2275.900, 0.910, 12.630, 0.0, 5.014, -6.619},
                {62.411220, 1915.400, 1.255, 12.170, 0.0, 3.029, -6.759},
                {62.486253, 1503.000, 0.083, 15.130, 0.0, -4.499, 0.844},
                {62.997984, 1490.200, 1.654, 11.740, 0.0, 1.856, -6.675},
                {63.568526, 1078.000, 2.108, 11.340, 0.0, 0.658, -6.139},
                {64.127775, 728.700, 2.617, 10.880, 0.0, -3.036, -2.895},
                {64.678910, 461.300, 3.181, 10.380, 0.0, -3.968, -2.590},
                {65.224078, 274.000, 3.800, 9.960, 0.0, -3.528, -3.680},
                {65.764779, 153.000, 4.473, 9.550, 0.0, -2.548, -5.002},
                {66.302096, 80.400, 5.200, 9.060, 0.0, -1.660, -6.091},
                {66.836834, 39.800, 5.982, 8.580, 0.0, -1.680, -6.393},
                {67.369601, 18.560, 6.818, 8.110, 0.0, -1.956, -6.475},
                {67.900868, 8.172, 7.708, 7.640, 0.0, -2.216, -6.545},
                {68.431006, 3.397, 8.652, 7.170, 0.0, -2.492, -6.600},
                {68.960312, 1.334, 9.650, 6.690, 0.0, -2.773, -6.650},
                {118.750334, 940.300, 0.010, 16.640, 0.0, -0.439, 0.079},
                {368.498246, 67.400, 0.048, 16.400, 0.0, 0.000, 0.000},
                {424.763020, 637.700, 0.044, 16.400, 0.0, 0.000, 0.000},
                {487.249273, 237.400, 0.049, 16.000, 0.0, 0.000, 0.000},
                {715.392902, 98.100, 0.145, 16.000, 0.0, 0.000, 0.000},
                {773.839490, 572.300, 0.141, 16.200, 0.0, 0.000, 0.000},
                {834.145546, 183.100, 0.145, 14.700, 0.0, 0.000, 0.000}
        };


        //// spectroscopic data for water-vapor
        //            f0       b1    b2    b3   b4   b5   b6
        double[][] vapor = new double[][]{
                {22.235080,   0.1130,     2.143,  28.11,  0.69, 4.800, 1.00},
                {67.803960,   0.0012,     8.735,  28.58,  0.69, 4.930, 0.82},
                {119.995940,  0.0008,     8.356,  29.48,  0.70, 4.780, 0.79},
                {183.310091,  2.4200,     0.668,  30.50,  0.64, 5.300, 0.85},
                {321.225644,  0.0483,     6.181,  23.03,  0.67, 4.690, 0.54},
                {325.152919,  1.4990,     1.540,  27.83,  0.68, 4.850, 0.74},
                {336.222601,  0.0011,     9.829,  26.93,  0.69, 4.740, 0.61},
                {380.197372,  11.520,     1.048,  28.73,  0.54, 5.380, 0.89},
                {390.134508,  0.0046,     7.350,  21.52,  0.63, 4.810, 0.55},
                {437.346667,  0.0650,     5.050,  18.45,  0.60, 4.230, 0.48},
                {439.150812,  0.9218,     3.596,  21.00,  0.63, 4.290, 0.52},
                {443.018295,  0.1976,     5.050,  18.60,  0.60, 4.230, 0.50},
                {448.001075,  10.3200,    1.405,  26.32,  0.66, 4.840, 0.67},
                {470.888947,  0.3297,     3.599,  21.52,  0.66, 4.570, 0.65},
                {474.689127,  1.2620,     2.381,  23.55,  0.65, 4.650, 0.64},
                {488.491133,  0.2520,     2.853,  26.02,  0.69, 5.040, 0.72},
                {503.568532,  0.0390,     6.733,  16.12,  0.61, 3.980, 0.43},
                {504.482692,  0.0130,     6.733,  16.12,  0.61, 4.010, 0.45},
                {547.676440,  9.7010,     0.114,  26.00,  0.70, 4.500, 1.00},
                {552.020960,  14.7700,    0.114,  26.00,  0.70, 4.500, 1.00},
                {556.936002,  487.4000,   0.159,  32.10,  0.69, 4.110, 1.00},
                {620.700807,  5.0120,     2.200,  24.38,  0.71, 4.680, 0.68},
                {645.866155,  0.0713,     8.580,  18.00,  0.60, 4.000, 0.50},
                {658.005280,  0.3022,     7.820,  32.10,  0.69, 4.140, 1.00},
                {752.033227,  239.6000,   0.396,  30.60,  0.68, 4.090, 0.84},
                {841.053973,  0.0140,     8.180,  15.90,  0.33, 5.760, 0.45},
                {859.962313,  0.1472,     7.989,  30.60,  0.68, 4.090, 0.84},
                {899.306675,  0.0605,     7.917,  29.85,  0.68, 4.530, 0.90},
                {902.616173,  0.0426,     8.432,  28.65,  0.70, 5.100, 0.95},
                {906.207325,  0.1876,     5.111,  24.08,  0.70, 4.700, 0.53},
                {916.171582,  8.3400,     1.442,  26.70,  0.70, 4.780, 0.78},
                {923.118427,  0.0869,     10.220, 29.00,  0.70, 5.000, 0.80},
                {970.315022,  8.9720,     1.920,  25.50,  0.64, 4.940, 0.67},
                {987.926764,  132.1000,   0.258,  29.85,  0.68, 4.550, 0.90},
                {1780.000000, 22300.0000, 0.952,  176.20, 0.50, 30.500,5.00}
        };


        double theta = 300.0 / T;

        double e = rho * T / 216.7;        // equation (4)
        double g_0 = 0;
        double SumSiFi = 0.0;
        double d = 5.6e-4 * (p + e) * Math.pow(theta, 0.8);                            // equation (9)
        double Ndf = f * p * theta * theta * (6.14e-5 / (d * (1 + Math.pow(f / d, 2))) + 1.4e-12 * p * Math.pow(theta, 1.5) / (1 + 1.9e-5 * Math.pow(f, 1.5)));       // equation (8)

        //// Oxigen computation
        for (int i = 0; i < 44; i++) {
            double fi = oxigen[i][0];

            double Si = oxigen[i][1] * 1e-7 * p * Math.pow(theta, 3) * Math.exp(oxigen[i][2] * (1.0 - theta));       // equation (3)

            double df = oxigen[i][3] * 1e-4 * (p * Math.pow(theta, (0.8 - oxigen[i][4])) + 1.1 * e * theta);  // equation (6a)

            // Doppler broadening

            df = Math.sqrt(df * df + 2.25e-6);                                   // equation (6b)

            double delta = (oxigen[i][5] + oxigen[i][6] * theta) * 1e-4 * (p + e) * Math.pow(theta, 0.8);     // equation (7)

            double Fi = f / fi * ((df - delta * (fi - f)) / (Math.pow(fi - f, 2) + df * df) + (df - delta * (fi + f)) / (Math.pow(fi + f, 2) + df * df));        // equation (5)


            // specific attenuation due to dry air (oxygen, pressure induced nitrogen
            // and non-resonant Debye attenuation), equations (1-2)

            if (f <= 118.750343) {
                SumSiFi = SumSiFi + Si * Fi;
            } else {
                if (i >= 37) {
                    SumSiFi = SumSiFi + Si * Fi;
                }
            }
        }


        g_0 = 0.182 * f * (SumSiFi + Ndf);

        //// vapor computation


        SumSiFi = 0.0;

        for (int i = 0; i < 35; i++) {
            double fi = vapor[i][0];

            double Si = vapor[i][1] * 1e-1 * e * Math.pow(theta, 3.5) * Math.exp(vapor[i][2] * (1.0 - theta));      // equation (3)

            double df = vapor[i][3] * 1e-4 * (p * Math.pow(theta, vapor[i][4]) + vapor[i][5] * e * Math.pow(theta, vapor[i][6]));     // equation (6a)

            // doppler broadening

            df = 0.535 * df + Math.sqrt(0.217 * df * df + 2.1316e-12 * fi * fi / theta); // equation (6b)

            double delta = 0;                                                           // equation (7)

            double Fi = f / fi * ((df - delta * (fi - f)) / (Math.pow(fi - f, 2) + df * df) + (df - delta * (fi + f)) / (Math.pow(fi + f, 2) + df * df));              // equation (5)

            SumSiFi = SumSiFi + Si * Fi;

        }
        // specific attenuation due to water vapour, equations (1-2)

        double g_w = 0.182 * f * SumSiFi;

        return g_0 + g_w;

    }

    public double  p676_ga_ver11(double f, double p, double rho, double T) {
        //p676_ga_ver11 Specific attenuation due to dry air and water vapour
        // g p676_ga_ver11(f, p, rho, T)
        // This function computes the specific attenuation due to dry air and water vapour,
        // at frequencies up to 1 000 GHz for different values of of pressure, temperature
        // and humidity by means of a summation of the individual resonance lines from
        // oxygen and water vapour according to ITU-R P.676-11
        //
        // Input parameters:
        // f       -   Frequency (GHz)
        // p       -   Dry air pressure (hPa)
        // rho     -   Water vapor density (g/m^3)
        // T       -   Temperature (K)
        //
        // Output parameters:
        // g  -   sum of specific attenuations due to dry air and water vapour
        //
        //
        // Rev   Date        Author                          Description
        // ----------------------------------------------------------------------------------------------
        // v0    16NOV16     Ivica Stevanovic, OFCOM         First implementation in Java P.676-10
        // v1    29NOV16     Ivica Stevanovic, OFCOM         Implementation of P.676-11
        //


        //// spectroscopic data for oxigen
        //       f0        a1    a2     a3   a4     a5     a6
        double[][] oxigen = new double[][]{
                {50.474214, 0.975, 9.651, 6.690, 0.0, 2.566, 6.850},
                {50.987745, 2.529, 8.653, 7.170, 0.0, 2.246, 6.800},
                {51.503360, 6.193, 7.709, 7.640, 0.0, 1.947, 6.729},
                {52.021429, 14.320, 6.819, 8.110, 0.0, 1.667, 6.640},
                {52.542418, 31.240, 5.983, 8.580, 0.0, 1.388, 6.526},
                {53.066934, 64.290, 5.201, 9.060, 0.0, 1.349, 6.206},
                {53.595775, 124.600, 4.474, 9.550, 0.0, 2.227, 5.085},
                {54.130025, 227.300, 3.800, 9.960, 0.0, 3.170, 3.750},
                {54.671180, 389.700, 3.182, 10.370, 0.0, 3.558, 2.654},
                {55.221384, 627.100, 2.618, 10.890, 0.0, 2.560, 2.952},
                {55.783815, 945.300, 2.109, 11.340, 0.0, -1.172, 6.135},
                {56.264774, 543.400, 0.014, 17.030, 0.0, 3.525, -0.978},
                {56.363399, 1331.800, 1.654, 11.890, 0.0, -2.378, 6.547},
                {56.968211, 1746.600, 1.255, 12.230, 0.0, -3.545, 6.451},
                {57.612486, 2120.100, 0.910, 12.620, 0.0, -5.416, 6.056},
                {58.323877, 2363.700, 0.621, 12.950, 0.0, -1.932, 0.436},
                {58.446588, 1442.100, 0.083, 14.910, 0.0, 6.768, -1.273},
                {59.164204, 2379.900, 0.387, 13.530, 0.0, -6.561, 2.309},
                {59.590983, 2090.700, 0.207, 14.080, 0.0, 6.957, -0.776},
                {60.306056, 2103.400, 0.207, 14.150, 0.0, -6.395, 0.699},
                {60.434778, 2438.000, 0.386, 13.390, 0.0, 6.342, -2.825},
                {61.150562, 2479.500, 0.621, 12.920, 0.0, 1.014, -0.584},
                {61.800158, 2275.900, 0.910, 12.630, 0.0, 5.014, -6.619},
                {62.411220, 1915.400, 1.255, 12.170, 0.0, 3.029, -6.759},
                {62.486253, 1503.000, 0.083, 15.130, 0.0, -4.499, 0.844},
                {62.997984, 1490.200, 1.654, 11.740, 0.0, 1.856, -6.675},
                {63.568526, 1078.000, 2.108, 11.340, 0.0, 0.658, -6.139},
                {64.127775, 728.700, 2.617, 10.880, 0.0, -3.036, -2.895},
                {64.678910, 461.300, 3.181, 10.380, 0.0, -3.968, -2.590},
                {65.224078, 274.000, 3.800, 9.960, 0.0, -3.528, -3.680},
                {65.764779, 153.000, 4.473, 9.550, 0.0, -2.548, -5.002},
                {66.302096, 80.400, 5.200, 9.060, 0.0, -1.660, -6.091},
                {66.836834, 39.800, 5.982, 8.580, 0.0, -1.680, -6.393},
                {67.369601, 18.560, 6.818, 8.110, 0.0, -1.956, -6.475},
                {67.900868, 8.172, 7.708, 7.640, 0.0, -2.216, -6.545},
                {68.431006, 3.397, 8.652, 7.170, 0.0, -2.492, -6.600},
                {68.960312, 1.334, 9.650, 6.690, 0.0, -2.773, -6.650},
                {118.750334, 940.300, 0.010, 16.640, 0.0, -0.439, 0.079},
                {368.498246, 67.400, 0.048, 16.400, 0.0, 0.000, 0.000},
                {424.763020, 637.700, 0.044, 16.400, 0.0, 0.000, 0.000},
                {487.249273, 237.400, 0.049, 16.000, 0.0, 0.000, 0.000},
                {715.392902, 98.100, 0.145, 16.000, 0.0, 0.000, 0.000},
                {773.839490, 572.300, 0.141, 16.200, 0.0, 0.000, 0.000},
                {834.145546, 183.100, 0.145, 14.700, 0.0, 0.000, 0.000}
        };


        //// spectroscopic data for water-vapor
        //            f0       b1    b2    b3   b4   b5   b6
        double[][] vapor = new double[][]{
                {22.235080, .1079, 2.144, 26.38, .76, 5.087, 1.00},
                {67.803960, .0011, 8.732, 28.58, .69, 4.930, .82},
                {119.995940, .0007, 8.353, 29.48, .70, 4.780, .79},
                {183.310087, 2.273, .668,  29.06, .77, 5.022, .85},
                {321.225630, .0470, 6.179, 24.04, .67, 4.398, .54},
                {325.152888, 1.514, 1.541, 28.23, .64, 4.893, .74},
                {336.227764, .0010, 9.825, 26.93, .69, 4.740, .61},
                {380.197353, 11.67, 1.048, 28.11, .54, 5.063, .89},
                {390.134508, .0045, 7.347, 21.52, .63, 4.810, .55},
                {437.346667, .0632, 5.048, 18.45, .60, 4.230, .48},
                {439.150807, .9098, 3.595, 20.07, .63, 4.483, .52},
                {443.018343, .1920, 5.048, 15.55, .60, 5.083, .50},
                {448.001085, 10.41, 1.405, 25.64, .66, 5.028, .67},
                {470.888999, .3254, 3.597, 21.34, .66, 4.506, .65},
                {474.689092, 1.260, 2.379, 23.20, .65, 4.804, .64},
                {488.490108, .2529, 2.852, 25.86, .69, 5.201, .72},
                {503.568532, .0372, 6.731, 16.12, .61, 3.980, .43},
                {504.482692, .0124, 6.731, 16.12, .61, 4.010, .45},
                {547.676440, .9785, 0.158, 26.00, .70, 4.500, 1.00},
                {552.020960, .1840, 0.158, 26.00, .70, 4.500, 1.00},
                {556.935985, 497.0, 0.159, 30.86, .69, 4.552, 1.00},
                {620.700807, 5.015, 2.391, 24.38, .71, 4.856, .68},
                {645.766085, .0067, 8.633, 18.00, .60, 4.000, .50},
                {658.005280, .2732, 7.816, 32.10, .69, 4.140, 1.00},
                {752.033113, 243.4, 0.396, 30.86, .68, 4.352, .84},
                {841.051732, .0134, 8.177, 15.90, .33, 5.760, .45},
                {859.965698, .1325, 8.055, 30.60, .68, 4.090, .84},
                {899.303175, .0547, 7.914, 29.85, .68, 4.530, .90},
                {902.611085, .0386, 8.429, 28.65, .70, 5.100, .95},
                {906.205957, .1836, 5.110, 24.08, .70, 4.700, .53},
                {916.171582, 8.400, 1.441, 26.73, .70, 5.150, .78},
                {923.112692, .0079, 10.293, 29.0, .70, 5.000, .80},
                {970.315022, 9.009, 1.919, 25.50, .64, 4.940, .67},
                {987.926764, 134.6, 0.257, 29.85, .68, 4.550, .90},
                {1780.000000, 17506., .952, 196.3, 2.00, 24.15, 5.00}
        };


        double theta = 300.0 / T;

        double e = rho * T / 216.7;        // equation (4)
        double g_0 = 0;
        double SumSiFi = 0.0;
        double d = 5.6e-4 * (p + e) * Math.pow(theta, 0.8);                            // equation (9)
        double Ndf = f * p * theta * theta * (6.14e-5 / (d * (1 + Math.pow(f / d, 2))) + 1.4e-12 * p * Math.pow(theta, 1.5) / (1 + 1.9e-5 * Math.pow(f, 1.5)));       // equation (8)

        //// Oxigen computation
        for (int i = 0; i < 44; i++) {
            double fi = oxigen[i][0];

            double Si = oxigen[i][1] * 1e-7 * p * Math.pow(theta, 3) * Math.exp(oxigen[i][2] * (1.0 - theta));       // equation (3)

            double df = oxigen[i][3] * 1e-4 * (p * Math.pow(theta, (0.8 - oxigen[i][4])) + 1.1 * e * theta);  // equation (6a)

            // Doppler broadening

            df = Math.sqrt(df * df + 2.25e-6);                                   // equation (6b)

            double delta = (oxigen[i][5] + oxigen[i][6] * theta) * 1e-4 * (p + e) * Math.pow(theta, 0.8);     // equation (7)

            double Fi = f / fi * ((df - delta * (fi - f)) / (Math.pow(fi - f, 2) + df * df) + (df - delta * (fi + f)) / (Math.pow(fi + f, 2) + df * df));        // equation (5)


            // specific attenuation due to dry air (oxygen, pressure induced nitrogen
            // and non-resonant Debye attenuation), equations (1-2)


            SumSiFi = SumSiFi + Si * Fi;

        }


        g_0 = 0.182 * f * (SumSiFi + Ndf);

        //// vapor computation


        SumSiFi = 0.0;

        for (int i = 0; i < 35; i++) {
            double fi = vapor[i][0];

            double Si = vapor[i][1] * 1e-1 * e * Math.pow(theta, 3.5) * Math.exp(vapor[i][2] * (1.0 - theta));      // equation (3)

            double df = vapor[i][3] * 1e-4 * (p * Math.pow(theta, vapor[i][4]) + vapor[i][5] * e * Math.pow(theta, vapor[i][6]));     // equation (6a)

            // doppler broadening

            df = 0.535 * df + Math.sqrt(0.217 * df * df + 2.1316e-12 * fi * fi / theta); // equation (6b)

            double delta = 0;                                                           // equation (7)

            double Fi = f / fi * ((df - delta * (fi - f)) / (Math.pow(fi - f, 2) + df * df) + (df - delta * (fi + f)) / (Math.pow(fi + f, 2) + df * df));              // equation (5)

            SumSiFi = SumSiFi + Si * Fi;

        }
        // specific attenuation due to water vapour, equations (1-2)

        double g_w = 0.182 * f * SumSiFi;

        return g_0 + g_w;

    }

    public double inv_cum_norm( double x ) {
        //inv_cum_norm approximation to the inverse cummulative normal distribution
        //   I = inv_cum_norm( x )
        //   This function implements an approximation to the inverse cummulative
        //   normal distribution function for x <= 0.5 as defined in Attachment 3 to
        //   Annex 1 of the ITU-R P.452-17
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         Initial version in Java

        if (x < 0.000001) {
            x = 0.000001;
        }

        //if (x > 0.5) {
        //    warning('This function is defined for arguments not larger than 0.5');
        //}

        double tx = Math.sqrt(-2 * Math.log(x));    // eq (172a)

        double C0 = 2.515516698;        // eq (172c)
        double C1 = 0.802853;           // eq (172d)
        double C2 = 0.010328;           // eq (172e)
        double D1 = 1.432788;           // eq (172f)
        double D2 = 0.189269;           // eq (172g)
        double D3 = 0.001308;           // eq (172h)

        double ksi = ((C2 * tx + C1) * tx + C0) / (((D3 * tx + D2) * tx + D1) * tx + 1);  // eq (172b)

        return ksi - tx;            // eq (172)

    }

    public double longest_cont_dist(double[] d, int[] zone, int zone_r) {
        //longest_cont_dist Longest continuous path belonging to the zone_r
        //     dm = longest_cont_dist(d, zone, zone_r)
        //     This function computes the longest continuous section of the
        //     great-circle path (km) for a given zone_r
        //
        //     Input arguments:
        //     d       -   vector of distances in the path profile
        //     zone    -   vector of zones in the path profile
        //     zone_r  -   reference zone for which the longest continuous section
        //                 is computed
        //
        //     Output arguments:
        //     dm      -   the longest continuous section of the great-circle path (km) for a given zone_r
        //
        //     Example:
        //     dm = longest_cont_dist(d, zone, zone_r)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         First implementation in Java

        double dm = 0;
        double dmc = 0;
        double delta;
        int n = d.length;
        if (zone_r == 12) {
            for (int i = 0; i < n; i++)
            {
                if ((zone[i] == 1) || (zone[i] == 2))
                {
                    if (i == 0) {
                        delta = (d[1] - d[0]) / 2.0;
                    } else if (i == n - 1) {
                        delta = (d[n - 1] - d[n - 2]) / 2.0;
                    } else {
                        delta = (d[i + 1] - d[i - 1]) / 2.0;
                    }

                    dmc = dmc + delta;
                    dm = Math.max(dm, dmc);
                } else {
                    dmc = 0;
                }
            }
            return dm;
        }
        else
        {
            for (int i = 0; i < n; i++) {
                if (zone[i] == zone_r)
                {
                    if (i == 0) {
                        delta = (d[1] - d[0]) / 2.0;
                    } else if (i == n - 1) {
                        delta = (d[n - 1] - d[n - 2]) / 2.0;
                    } else {
                        delta = (d[i + 1] - d[i - 1]) / 2.0;
                    }

                    dmc = dmc + delta;
                    dm = Math.max(dm, dmc);
                }
                else
                {
                    dmc = 0;
                }
            }
            return dm;
        }
    }

    public double path_fraction_sea(double[] d, int[] zone, int zone_r) {
        //path_fraction Path fraction belonging to a given zone_r
        //     omega = path_fraction(d, zone, zone_r)
        //     This function computes the path fraction belonging to a given zone_r
        //     of the great-circle path (km)
        //
        //     Input arguments:
        //     d       -   vector of distances in the path profile
        //     zone    -   vector of zones in the path profile
        //     zone_r  -   reference zone for which the fraction is computed
        //
        //     Output arguments:
        //     omega   -   path fraction belonging to the given zone_r
        //
        //     Example:
        //     omega = path_fraction(d, zone, zone_r)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         First implementation in Java

        double dm = 0;

        int n = d.length;
        double delta;

        for (int i = 0; i < n; i++) {
            if (zone[i] == zone_r) {
                if (i == 0) {
                    delta = (d[1] - d[0]) / 2.0;
                } else if (i == n - 1) {
                    delta = (d[n - 1] - d[n - 2]) / 2.0;
                } else {
                    delta = (d[i + 1] - d[i - 1]) / 2.0;
                }

                dm = dm + delta;
            }
        }


        return dm / (d[n - 1] - d[0]);
    }

    ///////////////////////////////////////////////////////////////////////////////////////////////////////
    public double dl_bull(double[] rDisti, double[] rhi, double rhts, double rhrs, double rAe, double rFreq){
        /**
         This function computes the Bullington part of the diffraction loss
         as defined in ITU-R P.452-17 in 4.2.1

         Input parameters:
         rDisti       -   vector of distances di of the i-th profile point (km)
         rhi          -   vector of heights hi of the i-th profile point (meters above mean sea level. Both vectors contain n+1 profile points
         rhts         -   transmitter antenna height in meters above sea level (i=0)
         rhrs         -   receiver antenna height in meters above sea level (i=n)
         rAe          -   the effective earth radius in kilometers
         rFreq        -   frequency expressed in GHz

         Output parameters:
         Lbull   -   Bullington diffraction loss for a given path

         Rev   Date        Author                          Description
         -------------------------------------------------------------------------------
         v0    15NOV16     Ivica Stevanovic, OFCOM         First implementation in Java
         v1    01MAY17     Ivica Stevanovic, OFCOM         Corrected bug in rSrim computation
         */

        double rHi = 0;                //
        double rLambda = 0.3 / rFreq;  //rFreq should be in GHz
        double rCe = 1.0/rAe;          // Effective Earth curvature
        double rLuc = 0;
        int n = rDisti.length;
        double rDist = rDisti[n-1]-rDisti[0];

        // Find the intermediate profile point with the highest slope of the line
        // from the transmitter to the point

        double rStim = (rhi[1] + 500.0*rCe*rDisti[1]*(rDist - rDisti[1]) - rhts)/rDisti[1];  // Eq (14)

        // we assume flat terrain here rHi = 0.0

        for (int i = 2; i < rDisti.length; i++){

            double rStimi = ((rhi[i] + (500.0 * rCe * rDisti[i] * (rDist - rDisti[i]))) - rhts) / rDisti[i];  // Eq (14)

            rStim = Math.max(rStim, rStimi);
        }

        // Calculate the slope of the line from transmitter to receiver assuming a LoS path

        double rStr = (rhrs - rhts)/rDist;                                         // Eq (15)

        if (rStim < rStr) { // Case 1, Path is LoS

            // Find the intermediate profile point with the highest diffraction  parameter nu:
            double rnumax = rhi[1] + 500 * rCe * rDisti[1] * (rDist - rDisti[1]) - (rhts * (rDist - rDisti[1]) + rhrs * rDisti[1]) / rDist;
            rnumax = rnumax * Math.sqrt(0.002 * rDist / (rLambda * rDisti[1] * (rDist - rDisti[1])));

            for (int i = 2; i < rDisti.length; i++) {

                double rnumai = rhi[i] + 500 * rCe * rDisti[i] * (rDist - rDisti[i]) - (rhts * (rDist - rDisti[i]) + rhrs * rDisti[i]) / rDist;
                rnumai = rnumai * Math.sqrt(0.002 * rDist / (rLambda * rDisti[i] * (rDist - rDisti[i])));

                rnumax = Math.max(rnumai, rnumax);
            }

            rLuc = 0.0;

            if (rnumax > -0.78) {
                rLuc = Jfunction(rnumax);   // Eq (13), (17)
            }

        }

        else
        {

            // Path is transhorizon

            // Find the intermediate profile point with the highest slope of the  line from the receiver to the point
            //double rSrim = (rhi[1] + 500.0 * rCe * rDisti[1] * (rDist - rDisti[1]) - rhts) / (rDist - rDisti[1]);  // Eq (18)
            // Corrected by Ivica Stevanovic, 1 May 2017
            double rSrim = (rhi[1] + 500.0 * rCe * rDisti[1] * (rDist - rDisti[1]) - rhrs) / (rDist - rDisti[1]);  // Eq (18)

            for (int i = 2; i < rDisti.length; i++) {

                //double rSrimi = (rhi[i] + 500.0 * rCe * rDisti[1] * (rDist - rDisti[1]) - rhts) / (rDist - rDisti[1]);  // Eq (18)
                // corrected by Ivica Stevanovic, 1 May 2017
                double rSrimi = (rhi[i] + 500.0 * rCe * rDisti[i] * (rDist - rDisti[i]) - rhrs) / (rDist - rDisti[i]);  // Eq (18)

                rSrim = Math.max(rSrim, rSrimi);
            }

            // Calculate the distance of the Bullington point from the transmitter:

            double rdbp = (rhrs - rhts + rSrim * rDist) / (rStim + rSrim);                // Eq (19)

            // Calculate the diffraction parameter, nub, for the Bullington point

            double rnub = (rhts + rStim * rdbp - (rhts * (rDist - rdbp) + rhrs * rdbp) / rDist);
            rnub = rnub * Math.sqrt(0.002 * rDist / (rLambda * rdbp * (rDist - rdbp)));    // Eq (20)

            // The knife-edge loss for the Bullington point is given by

            rLuc = 0.0;
            if (rnub > -0.78) {
                rLuc = Jfunction(rnub);   // Eq (13), (21)
            }

        }

        // For Luc calculated using either (17) or (21), Bullington diffraction loss
        // for the path is given by

        //System.out.printf(     "Luc    =  %.10g\n"  ,rLuc);
        return rLuc + (1.0 - Math.exp(-rLuc/6.0))*(10+0.02*rDist);         // Eq (22)



    }


    public double dl_se_ft_inner(double repsr, double rsigma, double rDist, double rhte, double rhre, double radft, double rFreq, double rpol) {
        //   This function computes the first-term part of Spherical-Earth diffraction
        //   loss exceeded for p% time for antenna heights
        //   as defined in Sec. 4.2.2.1 of the ITU-R P.452-17, equations (30-37)

        //     Input parameters:
        //     repsr    -   Relative permittivity
        //     rsigma   -   Conductivity (S/m)
        //     rDist    -   Great-circle path distance (km)
        //     rhte     -   Effective height of interfering antenna (m)
        //     rhre     -   Effective height of interfered-with antenna (m)
        //     radft    -   effective Earth radius (km)
        //     rf       -   frequency (GHz)
        //     rpol     -   polarization (1-horizontal, 2-vertical)
        //
        //     Output parameters:
        //     rLdft   -   The first-term spherical-Earth diffraction loss not exceeded for p% time
        //                implementing equations (30-37)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    15NOV16     Ivica Stevanovic, OFCOM         First implementation in Java


        double rLdft = 0.0;

        // Normalized factor for surface admittance for horizontal (1) and vertical
        // (2) polarizations

        double rK = 0.036 * Math.pow((radft * rFreq), (-1.0 / 3.0)) * Math.pow(Math.pow((repsr - 1), 2.0) + Math.pow((18 * rsigma / rFreq), 2.0), (-1.0 / 4.0));   // Eq (30a)
        //System.out.printf(     "rK    =  %.10g\n"  ,rK);
        if (rpol == 2.0) {// vertical polarization

            rK = rK * Math.sqrt(Math.pow(repsr, 2.0) + Math.pow(18 * rsigma / rFreq, 2.0));       // Eq (30b)

        }

        // Earth ground/polarization parameter

        double rbeta_dft = (1 + 1.6 * Math.pow(rK, 2) + 0.67 * Math.pow(rK, 4)) / (1 + 4.5 * Math.pow(rK, 2) + 1.53 * Math.pow(rK, 4));  // Eq (31)
        //System.out.printf(     "beta_dft    =  %.10g\n"  ,rbeta_dft);
        // Normalized distance

        double rX = 21.88 * rbeta_dft * Math.pow(rFreq / (radft * radft), (1.0 / 3.0)) * rDist;          // Eq (32)
        //System.out.printf(     "X    =  %.10g\n"  ,rX);
        // Normalized transmitter and receiver heights

        double rYt = 0.9575 * rbeta_dft * Math.pow((rFreq * rFreq / radft), (1.0 / 3.0)) * rhte;       // Eq (33a)

        double rYr = 0.9575 * rbeta_dft * Math.pow((rFreq * rFreq / radft), (1.0 / 3.0)) * rhre;       // Eq (33b)
        //System.out.printf(     "Yt    =  %.10g\n"  ,rYt);
        //System.out.printf(     "Yr    =  %.10g\n"  ,rYr);
        // Calculate the distance term given by:

        double rFx = 0.0;

        if (rX >= 1.6) {
            rFx = 11 + 10 * Math.log10(rX) - 17.6 * rX;
        } else {
            rFx = -20 * Math.log10(rX) - 5.6488 * Math.pow(rX, 1.425);     // Eq (34)
        }
        //System.out.printf(     "Fx    =  %.10g\n"  ,rFx);
        double rBt = rbeta_dft * rYt;             // Eq (36b)

        double rBr = rbeta_dft * rYr;              // Eq (36b)

        double rGYt = 0.0;
        double rGYr = 0.0;

        if (rBt > 2) {
            rGYt = 17.6 * Math.pow(rBt - 1.1, 0.5) - 5 * Math.log10(rBt - 1.1) - 8;
        } else {
            rGYt = 20 * Math.log10(rBt + 0.1 * Math.pow(rBt, 3));
        }

        if (rBr > 2) {
            rGYr = 17.6 * Math.pow(rBr - 1.1, 0.5) - 5 * Math.log10(rBr - 1.1) - 8;
        } else {
            rGYr = 20 * Math.log10(rBr + 0.1 * Math.pow(rBr, 3));
        }

        double rLimit = 2 + 20 * Math.log10(rK);

        rGYt = Math.max(rGYt, rLimit);
        rGYr = Math.max(rGYr, rLimit);
        //System.out.printf(     "GYt    =  %.10g\n"  ,rGYt);
        //System.out.printf(     "GYr    =  %.10g\n"  ,rGYr);

        rLdft = -rFx - rGYt - rGYr;
        //System.out.printf(     "Ldft    =  %.10g\n"  ,rLdft);
        return rLdft;
    }


    public double dl_se_ft(double d, double hte, double hre, double adft, double f, double omega, double pol) {
        //dl_se_ft First-term part of spherical-Earth diffraction according to ITU-R P.452-17
        //   This function computes the first-term part of Spherical-Earth diffraction
        //   loss exceeded for p// time for antenna heights
        //   as defined in Sec. 4.2.2.1 of the ITU-R P.452-17
        //
        //     Input parameters:
        //     d       -   Great-circle path distance (km)
        //     hte     -   Effective height of interfering antenna (m)
        //     hre     -   Effective height of interfered-with antenna (m)
        //     adft    -   effective Earth radius (km)
        //     f       -   frequency (GHz)
        //     omega   -   fraction of the path over sea
        //    pol     -   polarization (1-horizontal, 2- vertical)
        //
        //     Output parameters:
        //     Ldft   -   The first-term spherical-Earth diffraction loss not exceeded for p// time
        //                Ldft(1) is for the horizontal polarization
        //                Ldft(2) is for the vertical polarization
        //
        //     Example:
        //     Ldft = dl_se_ft(d, hte, hre, adft, f, omega)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         First implementation in Java


        // First-term part of the spherical-Earth diffraction loss over land

        double epsr;
        double sigma;


        //// Body of function

        // First-term part of the spherical-Earth diffraction loss over land

        epsr = 22;
        sigma = 0.003;

        double Ldft_land = dl_se_ft_inner(epsr, sigma, d, hte, hre, adft, f, pol);

        // First-term part of the spherical-Earth diffraction loss over sea

        epsr = 80;
        sigma = 5;

        double Ldft_sea = dl_se_ft_inner(epsr, sigma, d, hte, hre, adft, f, pol);


        // First-term spherical diffraction loss

        return omega * Ldft_sea + (1 - omega) * Ldft_land;      // Eq (29)

    }


    public double dl_se(double rDist, double rhte, double rhre, double rap, double rFreq, double omega, double rpol) {
        //   This function computes the Spherical-Earth diffraction loss exceeded
        //   for p% time for antenna heights rhte and rhre (m)
        //   as defined in Sec. 4.2.2 of the ITU-R P.452-17
        //   Only land paths are implemented
        //   Input parameters:
        //     rDist    -   Great-circle path distance (km)
        //     rhte     -   Effective height of interfering antenna (m)
        //     rhre     -   Effective height of interfered-with antenna (m)
        //     rap      -   the effective Earth radius in kilometers
        //     rFreq    -   frequency expressed in GHz
        //     omega   -   the fraction of the path over sea
        //     rpol     -   polarization 1- horizontal, 2- vertical
        //
        //     Output parameters:
        //     rLdsph   -   The spherical-Earth diffraction loss not exceeded for p% time
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    15NOV16     Ivica Stevanovic, OFCOM         Initial version in Java

        double rLambda = 0.3 / rFreq;
        double rLdsph = 0.0;

        // Calculate the marginal LoS distance for a smooth path

        double rdlos = Math.sqrt(2 * rap) * (Math.sqrt(0.001 * rhte) + Math.sqrt(0.001 * rhre));    // Eq (23)

        if (rDist >= rdlos) {
            // calculate diffraction loss Ldft using the method in Sec. 4.2.2.1 for
            // adft = ap and set Ldsph to Ldft

            rLdsph = dl_se_ft(rDist, rhte, rhre, rap, rFreq, omega, rpol);

            return rLdsph;

        } else {
            // calculate the smallest clearance between the curved-Earth path and
            // the ray between the antennas, hse

            double rc = (rhte - rhre) / (rhte + rhre);        // Eq (25d)
            double rm = 250 * rDist * rDist / (rap * (rhte + rhre));        // eq (25e)

            double rb = 2 * Math.sqrt((rm + 1) / (3 * rm)) * Math.cos(Math.PI / 3.0 + 1.0 / 3.0 * Math.acos(3 * rc / 2 * Math.sqrt(3 * rm / Math.pow(rm + 1, 3.0))));   // Eq (25c)

            double rdse1 = rDist / 2 * (1 + rb);           // Eq (25a)
            double rdse2 = rDist - rdse1;            // Eq (25b)

            double rhse = (rhte - 500 * rdse1 * rdse1 / rap) * rdse2 + (rhre - 500 * rdse2 * rdse2 / rap) * rdse1;
            rhse = rhse / rDist;                // Eq (24)

            // Calculate the required clearance for zero diffraction loss

            double rhreq = 17.456 * Math.sqrt(rdse1 * rdse2 * rLambda / rDist);     // Eq (26)

            if (rhse > rhreq) {
                rLdsph = 0.0;
                return rLdsph;
            } else {
                // calculate the modified effective Earth radius aem, which gives
                // marginal LoS at distance rDist

                double raem = 500 * Math.pow(rDist / (Math.sqrt(rhte) + Math.sqrt(rhre)), 2);     // Eq (27)

                // Use the method in Sec. 4.2.2.1 for adft ) aem to obtain Ldft

                double rLdft = dl_se_ft(rDist, rhte, rhre, raem, rFreq, omega, rpol);

                if (rLdft < 0) {
                    rLdsph = 0.0;
                    return rLdsph;
                }
                else {
                    rLdsph = (1 - rhse / rhreq) * rLdft;     // Eq (28)
                }
            }
        }

        return rLdsph;
    }

    public double[] dl_p( double[] d, double[] h, double hts, double hrs, double hstd, double hsrd, double f, double omega, double p, double b0, double DN, double pol ) {
        //dl_p Diffraction loss model not exceeded for p// of time according to P.452-17
        //   function [Ldp, Ld50] = dl_p( d, h, hts, hrs, hstd, hsrd, ap, f, omega, p, b0, DN )
        //
        //   This function computes the diffraction loss not exceeded for p// of time
        //   as defined in ITU-R P.452-17 (Section 4.5.4)
        //
        //     Input parameters:
        //     d       -   vector of distances di of the i-th profile point (km)
        //     h       -   vector of heights hi of the i-th profile point (meters
        //                 above mean sea level. Both vectors contain n+1 profile points
        //     hts     -   transmitter antenna height in meters above sea level (i=0)
        //     hrs     -   receiver antenna height in meters above sea level (i=n)
        //     hstd    -   Effective height of interfering antenna (m amsl) c.f. 5.1.6.3
        //     hsrd    -   Effective height of interfered-with antenna (m amsl) c.f. 5.1.6.3
        //     f       -   frequency expressed in GHz
        //     omega   -   the fraction of the path over sea
        //     p       -   percentage of time
        //     b0      -   the time percentage that the refractivity gradient (DELTA-N) exceeds 100 N-units/km in the first 100m of the lower atmosphere
        //     DN      -   the average radio-refractive index lapse-rate through the
        //                 lowest 1 km of the atmosphere. Note that DN is positive
        //                 quantity in this procedure
        //     pol     -   polarization (1-horizontal, 2-vertical)
        //
        //     Output parameters:
        //     Ldp    -   diffraction loss for the general path not exceeded for p // of the time
        //                according to Section 4.2.4 of ITU-R P.452-17.
        //                Ldp(1) is for the horizontal polarization
        //                Ldp(2) is for the vertical polarization
        //     Ld50   -   diffraction loss for p = 50//
        //
        //     Example:
        //     [Ldp, Ld50] = dl_p( d, h, hts, hrs, hstd, hsrd, ap, f, omega, p, b0, DN )
        //
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         Initial version in Java


        // Use the method in 4.2.3 to calculate diffraction loss Ld for effective
        // Earth radius ap = ae as given by equation (6a). Set median diffraction
        // loss to Ldp50

        double[] aa = earth_rad_eff(DN);

        double ae = aa[0];
        double ab = aa[1];

        double ap = ae;

        double Ld50 = dl_delta_bull(d, h, hts, hrs, hstd, hsrd, ap, f, omega, pol);

        double Ldp = 0.0;

        double[] Ldout = new double[2];

        if (p == 50) {
            Ldp = Ld50;

        }


        if (p < 50) {

            // Use the method in 4.2.3 to calculate diffraction loss Ld for effective
            // Earth radius ap = abeta, as given in equation (6b). Set diffraction loss
            // not exceeded for beta0// time Ldb = Ld

            ap = ab;

            double Ldb;
            Ldb = dl_delta_bull(d, h, hts, hrs, hstd, hsrd, ap, f, omega, pol);

            // Compute the interpolation factor Fi
            double Fi = 1.0;
            if (p > b0) {

                Fi = inv_cum_norm(p / 100) / inv_cum_norm(b0 / 100);   // eq (41a)
            }


            // The diffraction loss Ldp not exceeded for p// of time is now given by

            Ldp = Ld50 + Fi * (Ldb - Ld50);   // eq (42)

        }
        Ldout[0] = Ldp;
        Ldout[1] = Ld50;
        return Ldout;
    }

    public double[] earth_rad_eff(double DN) {
        //earth_rad_eff Median value of the effective Earth radius
        //     [ae, ab] = earth_rad_eff(DN)
        //     This function computes the median value of the effective earth
        //     radius, and the effective Earth radius exceeded for beta0// of time
        //     as defined in ITU-R P.452-17.
        //
        //     Input arguments:
        //     DN      -   the average radiorefractive index lapse-rate through the
        //                 lowest 1 km of the atmosphere (N-units/km)
        //
        //     Output arguments:
        //     ae      -   the median effective Earth radius (km)
        //     ab      -   the effective Earth radius exceeded for beta0 // of time
        //
        //     Example:
        //     [ae, ab] = earth_rad_eff(DN)
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         First implementation in Java


        double k50 = 157 / (157 - DN);     // (5)

        double ae = 6371 * k50;          // (6a)

        double kbeta = 3;

        double ab = 6371 * kbeta;        // (6b)

        double[] aa = new double[2];
        aa[0] = ae;
        aa[1] = ab;

        return aa;
    }

    public double dl_delta_bull( double[] d, double[] h, double hts, double hrs, double hstd, double hsrd, double ap, double f, double omega, double pol ) {
        //dl_delta_bull Complete 'delta-Bullington' diffraction loss model P.452-17
        //   function Ld = dl_delta_bull( d, h, hts, hrs, hstd, hsrd, ap, f, omega )
        //
        //   This function computes the complete 'delta-Bullington' diffraction loss
        //   as defined in ITU-R P.452-17 (Section 4.5.3)
        //
        //     Input parameters:
        //     d       -   vector of distances di of the i-th profile point (km)
        //     h       -   vector of heights hi of the i-th profile point (meters
        //     above mean sea level. Both vectors contain n+1 profile points
        //     hts     -   transmitter antenna height in meters above sea level (i=0)
        //     hrs     -   receiver antenna height in meters above sea level (i=n)
        //     hstd    -   Effective height of interfering antenna (m amsl) c.f. 5.1.6.3
        //     hsrd    -   Effective height of interfered-with antenna (m amsl) c.f. 5.1.6.3
        //     ap      -   the effective Earth radius in kilometers
        //     f       -   frequency expressed in GHz
        //     omega   -   the fraction of the path over sea
        //     pol     -   polarization (1 - horizontal, 2 - vertical)
        //
        //     Output parameters:
        //     Ld     -   diffraction loss for the general patha according to
        //                Section 4.2.3 of ITU-R P.452-17.

        //
        //     Example:
        //     Ld = dl_delta_bull( d, h, hts, hrs, hstd, hsrd, ap, f, omega )
        //
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    17NOV16     Ivica Stevanovic, OFCOM         Initial version in Java


        // Use the method in 4.2.1 for the actual terrain profile and antenna
        // heights. Set the resulting Bullington diffraction loss for the actual
        // path to Lbulla

        double Lbulla = dl_bull(d, h, hts, hrs, ap, f);

        //System.out.printf(     "Lbulla    =  %.10g\n"  ,Lbulla);
        // Use the method in 4.2.1 for a second time, with all profile heights hi
        // set to zero and modified antenna heights given by

        double hts1 = hts - hstd;   // eq (38a)
        double hrs1 = hrs - hsrd;   // eq (38b)
        int n = d.length;

        double[] h1 = new double[n];
        for (int i = 0; i < n; i++) {
            h1[i] = 0.0;
        }

        // where hstd and hsrd are given in 5.1.6.3 of Attachment 2. Set the
        // resulting Bullington diffraction loss for this smooth path to Lbulls

        double Lbulls = dl_bull(d, h1, hts1, hrs1, ap, f);
        //System.out.printf(     "Lbulls    =  %.10g\n"  ,Lbulls);
        // Use the method in 4.2.2 to calculate the spherical-Earth diffraction loss
        // for the actual path length (dtot) with

        double hte = hts1;             // eq (39a)
        double hre = hrs1;             // eq (39b)
        double dtot = d[n - 1] - d[0];

        double Ldsph = dl_se(dtot, hte, hre, ap, f, omega, pol);
        //System.out.printf(     "Ldsph    =  %.10g\n"  ,Ldsph);
        // Diffraction loss for the general paht is now given by

        return Lbulla + Math.max(Ldsph - Lbulls, 0);  // eq (40)
    }

    public double[]  closs_corr(double f, double [] d, double[] h, int[] zone, double htg, double hrg, double ha_t, double ha_r, double dk_t, double dk_r) {
        // [index1, index2, htgc, hrgc, Aht, Ahr] = closs_corr(f, d, h, zone, htg, hrg, ha_t, ha_r, dk_t, dk_r)
        //closs clutter loss correction according to P.452-17
        //   function [index1, index2, htgc,htrc, Aht, Ahr] = closs_corr(d, h, zone, htg, hrg, ha_t, ha_r, dk_t, dk_r)
        //
        //   This function computes the height-gain correction as defined in ITU-R P.452-17 (Section 4.5.4)
        //
        //     Input parameters:
        //     f       -   Frequency (GHz)
        //     d       -   vector of distances di of the i-th profile point (km)
        //     h       -   vector of heights hi of the i-th profile point (meters
        //                 above mean sea level. Both vectors contain n+1 profile points
        //     zone    -   Zone type: Coastal land (1), Inland (2) or Sea (3)
        //     htg     -   Tx Antenna center heigth above ground level (m)
        //     hrg     -   Rx Antenna center heigth above ground level (m)
        //     ha_t    -   Nominal clutter height at the transmitting end (m, agl)
        //     ha_r    -   Nominal clutter height at the receiving end (m, agl)
        //     dk_t    -   distance from nominal clutter point to the Tx antenna (km)
        //     dk_r    -   distance from nominal clutter point to the Rx antenna (km)
        //
        //     Output parameters:
        //     dc      -   vector of distances in the height-gain model
        //     hc      -   vector of heights in the height-gain model
        //     zonec   -   Zone type: Coastal land (1), Inland (2) or Sea (3)in the height-gain model
        //     htgc    -   Tx Antenna center heigth above ground level (m) in the height-gain model
        //     hrgc    -   Rx Antenna center heigth above ground level (m) in the height-gain model
        //     Aht     -   Additional losses to account for clutter shielding the
        //     Ahr         transmitter and receiver. These should be set to zero if there is no
        //                 such shielding
        //
        //     Example:
        //     [dc,hc,zonec,htgc,hrgc, Aht, Ahr] = closs_corr(d, h, zone, htg, hrg, ha_t, ha_r, dk_t, dk_r)
        //
        //
        //     Rev   Date        Author                          Description
        //     -------------------------------------------------------------------------------
        //     v0    25NOV16     Ivica Stevanovic, OFCOM         Initial version in Java


        int index1 = 0;
        int index2 = d.length-1;

        double htgc = htg;
        double hrgc = hrg;

        double Aht = 0;
        double Ahr = 0;

        double ha = ha_t;
        double dk = dk_t;

        if (ha > htg) {



            double Ffc = 0.25 + 0.375 * (1 + Math.tanh(7.5 * (f - 0.5)));  // (57a)

            Aht = 10.25 * Ffc * Math.exp(-dk) * (1 - Math.tanh(6 * (htg / ha - 0.625))) - 0.33; // (57)

            for (int kk=0; kk< d.length; kk++) {

                if (d[kk] >= dk) {
                    index1 = kk;
                    break;
                }

            }

            htgc = ha_t;

        }

        ha = ha_r;

        dk = dk_r;

        if (ha > hrg) {

            double Ffc = 0.25 + 0.375 * (1 + Math.tanh(7.5 * (f - 0.5)));  // (57a)

            Ahr = 10.25 * Ffc * Math.exp(-dk) * (1 - Math.tanh(6 * (hrg / ha - 0.625))) - 0.33;  // (57)

            for (int kk = d.length-1; kk >=0; kk--){
                if (d[kk] <= d[d.length-1] - dk ){
                    index2 = kk;
                    break;
                }
            }

            hrgc = ha_r;
        }

        double[] out = new double[6];
        out[0] = index1;
        out[1] = index2;
        out[2] = htgc;
        out[3] = hrgc;
        out[4] = Aht;
        out[5] = Ahr;
        //    System.out.printf(     "index1   =  %d\n"  ,index1);
        //    System.out.printf(     "index2   =  %d\n"  ,index2);
        //    System.out.printf(     "Aht   =  %g\n"  ,Aht);
        //    System.out.printf(     "Ahr   =  %g\n"  ,Ahr);

        return out;
    }


    @Override
    public Description description() {
        String text = DescriptionTags.startTag.div();
        text += "<b><u>Frequency range:</u></b><br>about 0.1 GHz to 50 GHz" +
                "<br><b><u>Distance range:</u></b><br>up to a distance limit of 10 000 km" +
                "<br><b><u>Typical application area:</u></b>" +
                "<br>Prediction method for the evaluation of interference between stations on the surface of the Earth " +
                "at frequencies above about 0.1 GHz, accounting for clear-air interference mechanisms. Note that only " +
                "flat terrain (h = 0 masl) and inland paths are considered.";
        text += DescriptionTags.startTagNotes.div();
        text += "<b><u>Note 1:</u></b> Statistical variations in the basic transmission loss can be activated by " +
                "setting probabilities (time percentages) as uniform distributions within the range prescribed by the " +
                "related Recommendation." +
                "<br><b><u>Note 2:</u></b> This propagation model may already include clutter loss if so specified by the user. " +
                "In that case, any additional clutter settings in the corresponding Tx/Rx Environments will be ignored.";
        text += DescriptionTags.endTagNotes.div();
        text += DescriptionTags.endTag.div();
        return new DescriptionImpl("ITU-R P.452-17", text);
    }
}
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P452ver17Input.javapackage org.seamcat.model.plugin.propagation;

import org.seamcat.model.distributions.Distribution;
import org.seamcat.model.distributions.Distributions;
import org.seamcat.model.factory.Factory;
import org.seamcat.model.plugin.Config;
import org.seamcat.model.plugin.SelectionValue;
import org.seamcat.model.plugin.UIChangeListener;
import org.seamcat.model.plugin.UIModel;
import org.seamcat.model.types.Unit;

import static org.seamcat.model.plugin.propagation.ClutterEnvironment.*;

public interface P452ver17Input {

    @Config(order = 1, name = "Variations")
    boolean variations();
    boolean variations = false; //REMARK: added by KK

    @Config(order = 2, name = "Diffraction only")
    boolean diffractionOnly();

    @Config(order = 3, name = "Water concentration", unit = Unit.gPerCbm)
    double waterConcentration();

    @Config(order = 4, name = "Surface pressure", unit = Unit.hPa)
    double surfacePressure();

    @Config(order = 5, name = "Refraction index gradient", unit = Unit.perKm)
    double refractionIndex();

    @Config(order = 6, name = "Surface temperature", unit = Unit.degC)
    double surfaceTemperature();

    @Config(order = 7, name = "Latitude", unit = Unit.deg)
    double latitude();

    @Config(order = 8, name = "Sea level surface refractivity")
    double seaLevelSurfaceRefractivity();

    @Config(order = 9, name = "Time percentage", unit = Unit.percent, toolTip ="Valid values are in the range 0.001% to 50%.",
            distributions = {Distributions.CONSTANT, Distributions.DISCRETE_UNIFORM, Distributions.UNIFORM, Distributions.USER_DEFINED, Distributions.STAIR})
    Distribution timePercentage();
    //REMARK: local clutter added and user specified grouped by KK


    @Config(order = 12, name = "Apply clutter environment", defineGroup = "useClutter")
    boolean useClutter();

    @Config(order = 15, name = "Local clutter conditions - Rx", group = "useClutter")
    SelectionValue<NamedClutterEnvironment> clutterAtRx();
    SelectionValue<NamedClutterEnvironment> clutterAtRx = defaultEnvironment();

    static SelectionValue<NamedClutterEnvironment> defaultEnvironment() {
        return new SelectionValue<>(0, new NamedClutterEnvironment(NONE),
                new NamedClutterEnvironment(SUBURBAN),
                new NamedClutterEnvironment(DENSE_SUBURBAN),
                new NamedClutterEnvironment(URBAN),
                new NamedClutterEnvironment(DENSE_URBAN),
                new NamedClutterEnvironment(HIGH_RISE_URBAN),
                new NamedClutterEnvironment(INDUSTRIAL));
    }

    @Config(order = 17, name = "Local clutter conditions - Tx", group = "useClutter")
    SelectionValue<NamedClutterEnvironment> clutterAtTx();
    SelectionValue<NamedClutterEnvironment> clutterAtTx = defaultEnvironment();


    @Config(order = 19, name = "Local clutter conditions - user specified", defineGroup = "clutter", group = "useClutter")
    boolean clutterUserSpecified();

    @Config(order = 20, name = "Clutter nominal height at the Tx", unit = Unit.m, group = "clutter")
    double  clutterNominalHeightTx();

    @Config(order = 21, name = "Clutter nominal distance from the Tx", unit = Unit.km, group = "clutter")
    double  clutterNominalDistanceTx();

    @Config(order = 22, name = "Clutter nominal height at the Rx", unit = Unit.m, group = "clutter")
    double  clutterNominalHeightRx();

    @Config(order = 23, name = "Clutter nominal distance from the Rx", unit = Unit.km, group = "clutter")
    double  clutterNominalDistanceRx();

    double waterConcentration = 3.;
    double surfacePressure = 1013.25;
    double refractionIndex = 40.;
    double surfaceTemperature = 15.;
    double latitude = 45.;
    double seaLevelSurfaceRefractivity = 325.0;
    Distribution timePercentage = Factory.distributionFactory().getUniformDistribution(50.,50.);

    UIChangeListener<P452ver17Input> change = (panel) -> {
        UIModel<P452ver17Input> ui = panel.getUIModel();
        P452ver17Input model = ui.getModel();
        ui.forItem(model.variations()).setRelevant(false);
        if ( model.useClutter() ){
            if ( model.clutterUserSpecified() ){
                ui.forItem(model.clutterAtTx()).setRelevant(false);
                ui.forItem(model.clutterAtRx()).setRelevant(false);
            }else {
                ui.forItem(model.clutterAtTx()).setRelevant(true);
                ui.forItem(model.clutterAtRx()).setRelevant(true);
            }
        }
    };
}
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P452ver17Test.javapackage org.seamcat.model.propagation;

import org.junit.Assert;
import org.junit.Before;
import org.junit.Test;
import org.seamcat.model.factory.TestFactory;
import org.seamcat.util.TestUtil;


public class P452ver17Test {
    // the results are compared to the MATLAB implementation of Recommendation ITU-R P.452-17
    // for flat terrain and land only paths
    // the test is passed when the results for transmission loss are within 0.01 dB of difference
    // different antenna heights, time percentages, frequencies, distances, and clutter categories are tested
    //     Rev   Date        Author                          Description
    //     -------------------------------------------------------------------------------
    //     v0    25NOV16     Ivica Stevanovic, OFCOM         Initial version in Java
    //     v1    01MAY17     Ivica Stevanovic, OFCOM         introduced Test8 with land-only terrain profile
    //     v2    16MAY17     Ivica Stevanovic, OFCOM         introduced Test9 and Test10 with ASTER and SRTM terrain profile for CRAF example
    //     v3    20JUL18     Ivica Stevanovic, OFCOM         introduced modifications related with 3-D short distances
    //     v4    25OCT21     Ivica Stevanovic, OFCOM         Implementation for ITU-R P.452-17


    TestUtil util;

    @Before
    public void setup() {
        TestFactory.initialize();
        util = new TestUtil(0.01);
    }


    @Test
    public void test1() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double press = 1013.25;
        double DN = 40;
        double temp = 15;
        double phi_t = 45;
        double phi_r = 45;
        double Gt = 0;
        double Gr = 0;
        double N0 = 325;
        double pol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;

        double f = 0.9;
        double p = 50;
        double htg = 10;
        double hrg = 10;


        double ha_t = 0;
        double ha_r = 0;
        double dk_t = 0;
        double dk_r = 0;

        double[] rDist = new double[10];
        // Results obtained from the MATLAB implementation of ITU-R P.452-17
        // available on the ITU-R SG3 sharefolder

        rDist[0] = 0.1;
        rDist[1] = 0.2782559402;
        rDist[2] = 0.7742636827;
        rDist[3] = 2.15443469;
        rDist[4] = 5.994842503;
        rDist[5] = 16.68100537;
        rDist[6] = 46.41588834;
        rDist[7] = 129.1549665;
        rDist[8] = 359.3813664;
        rDist[9] = 1000;


        double[] expectedResult;
        expectedResult = new double[rDist.length];
        expectedResult[0] = 71.4854;
        expectedResult[1] = 80.3752;
        expectedResult[2] = 89.2666;
        expectedResult[3] = 98.1625;
        expectedResult[4] = 111.4308;
        expectedResult[5] = 132.1907;
        expectedResult[6] = 165.6675;
        expectedResult[7] = 189.6386;
        expectedResult[8] = 215.1282;
        expectedResult[9] = 270.2094;

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double[] rDisti;
        double[] rHighti;
        int[] iZonei;


        for (int ii = 0; ii < 10; ii++) {

            int rTotalLength = Math.max(1, (int) Math.round(rDist[ii] / rStep));
            rStep = rDist[ii] / (rTotalLength - 1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
            rDisti = new double[rTotalLength];
            rHighti = new double[rTotalLength];
            iZonei = new int[rTotalLength];

            rDisti[0] = 0;
            rHighti[0] = 0;  // for flat only terrain
            iZonei[0] = 2;   // for land only paths

            // in this implementation the path is flat (0 masl) and land only (zone = 2)
            // however, the function tl_p452 is complete implementation of P.452-17 including mixed paths.
            for (int i = 1; i < rTotalLength; i++) {
                rDisti[i] = rDisti[i - 1] + rStep;
                rHighti[i] = 0;
                iZonei[i] = 2;
            }

            double result = calculator.tl_p452(f, p, rDisti, rHighti, iZonei, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii], result);
        }
    }

    @Test
    public void test2() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double press = 1013.25;
        double DN = 40;
        double temp = 15;
        double phi_t = 45;
        double phi_r = 45;
        double Gt = 0;
        double Gr = 0;
        double N0 = 325;
        double pol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;

        double f = 0.9;
        double p = 0.01;
        double htg = 1.5;
        double hrg = 1.5;


        double ha_t = 0;
        double ha_r = 0;
        double dk_t = 0;
        double dk_r = 0;

        double[] rDist = new double[10];
        // Results obtained from the MATLAB implementation of ITU-R P.452-17
        // available on the ITU-R SG3 sharefolder

        rDist[0] = 0.1;
        rDist[1] = 0.2782559402;
        rDist[2] = 0.7742636827;
        rDist[3] = 2.15443469;
        rDist[4] = 5.994842503;
        rDist[5] = 16.68100537;
        rDist[6] = 46.41588834;
        rDist[7] = 129.1549665;
        rDist[8] = 359.3813664;
        rDist[9] = 1000;


        double[] expectedResult;
        expectedResult = new double[rDist.length];
        expectedResult[0] = 72.4398;
        expectedResult[1] = 89.4390;
        expectedResult[2] = 105.8944;
        expectedResult[3] = 120.2754;
        expectedResult[4] = 130.1581;
        expectedResult[5] = 138.2805;
        expectedResult[6] = 120.2876;
        expectedResult[7] = 128.3476;
        expectedResult[8] = 145.4119;
        expectedResult[9] = 246.0499;

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double[] rDisti;
        double[] rHighti;
        int[] iZonei;


        for (int ii = 0; ii < 10; ii++) {

            int rTotalLength = Math.max(1, (int) Math.round(rDist[ii] / rStep));
            rStep = rDist[ii] / (rTotalLength - 1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
            rDisti = new double[rTotalLength];
            rHighti = new double[rTotalLength];
            iZonei = new int[rTotalLength];

            rDisti[0] = 0;
            rHighti[0] = 0;  // for flat only terrain
            iZonei[0] = 2;   // for land only paths

            // in this implementation the path is flat (0 masl) and land only (zone = 2)
            // however, the function tl_p452 is complete implementation of P.452-17 including mixed paths.
            for (int i = 1; i < rTotalLength; i++) {
                rDisti[i] = rDisti[i - 1] + rStep;
                rHighti[i] = 0;
                iZonei[i] = 2;
            }

            double result = calculator.tl_p452(f, p, rDisti, rHighti, iZonei, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii], result);
        }
    }

    @Test
    public void test3() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double press = 1013.25;
        double DN = 40;
        double temp = 15;
        double phi_t = 45;
        double phi_r = 45;
        double Gt = 0;
        double Gr = 0;
        double N0 = 325;
        double pol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;

        double f = 50;
        double p = 0.01;
        double htg = 1.5;
        double hrg = 1.5;


        double ha_t = 0;
        double ha_r = 0;
        double dk_t = 0;
        double dk_r = 0;

        double[] rDist = new double[10];
        // Results obtained from the MATLAB implementation of ITU-R P.452-17
        // available on the ITU-R SG3 sharefolder

        rDist[0] = 0.1;
        rDist[1] = 0.2782559402;
        rDist[2] = 0.7742636827;
        rDist[3] = 2.15443469;
        rDist[4] = 5.994842503;
        rDist[5] = 16.68100537;
        rDist[6] = 46.41588834;
        rDist[7] = 129.1549665;
        rDist[8] = 359.3813664;
        rDist[9] = 1000;


        double[] expectedResult;
        expectedResult = new double[rDist.length];
        expectedResult[0] = 106.3225;
        expectedResult[1] = 115.1124;
        expectedResult[2] = 123.7414;
        expectedResult[3] = 132.0189;
        expectedResult[4] = 144.1897;
        expectedResult[5] = 166.4467;
        expectedResult[6] = 174.12189;
        expectedResult[7] = 221.0358;
        expectedResult[8] = 341.4243;
        expectedResult[9] = 595.1228;

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double[] rDisti;
        double[] rHighti;
        int[] iZonei;


        for (int ii = 0; ii < 10; ii++) {

            int rTotalLength = Math.max(1, (int) Math.round(rDist[ii] / rStep));
            rStep = rDist[ii] / (rTotalLength - 1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
            rDisti = new double[rTotalLength];
            rHighti = new double[rTotalLength];
            iZonei = new int[rTotalLength];

            rDisti[0] = 0;
            rHighti[0] = 0;  // for flat only terrain
            iZonei[0] = 2;   // for land only paths

            // in this implementation the path is flat (0 masl) and land only (zone = 2)
            // however, the function tl_p452 is complete implementation of P.452-17 including mixed paths.
            for (int i = 1; i < rTotalLength; i++) {
                rDisti[i] = rDisti[i - 1] + rStep;
                rHighti[i] = 0;
                iZonei[i] = 2;
            }

            double result = calculator.tl_p452(f, p, rDisti, rHighti, iZonei, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii], result);
        }
    }

    @Test
    public void test4() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double press = 1013.25;
        double DN = 40;
        double temp = 15;
        double phi_t = 45;
        double phi_r = 45;
        double Gt = 0;
        double Gr = 0;
        double N0 = 325;
        double pol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;

        double f = 10;
        double p = 1;
        double htg = 1000;
        double hrg = 1.5;


        double ha_t = 0;
        double ha_r = 0;
        double dk_t = 0;
        double dk_r = 0;

        double[] rDist = new double[10];
        // Results obtained from the MATLAB implementation of ITU-R P.452-17
        // available on the ITU-R SG3 sharefolder

        rDist[0] = 0.1;
        rDist[1] = 0.2782559402;
        rDist[2] = 0.7742636827;
        rDist[3] = 2.15443469;
        rDist[4] = 5.994842503;
        rDist[5] = 16.68100537;
        rDist[6] = 46.41588834;
        rDist[7] = 129.1549665;
        rDist[8] = 359.3813664;
        rDist[9] = 1000;


        double[] expectedResult;
        expectedResult = new double[rDist.length];
        //expectedResult[0] = 92.4575;
        expectedResult[0] = 112.4000;
        //expectedResult[1] = 101.2716;
        expectedResult[1] = 112.6053;
        //expectedResult[2] = 109.9597;
        expectedResult[2] = 114.1205;
        //expectedResult[3] = 118.3411;
        expectedResult[3] = 119.0893;
        //expectedResult[4] = 126.1489;
        expectedResult[4] = 126.1689;
        //expectedResult[5] = 133.5971;
        expectedResult[5] = 133.5130;
        expectedResult[6] = 142.0198;
        expectedResult[7] = 152.0390;
        expectedResult[8] = 202.8254;
        expectedResult[9] = 278.7299;

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double[] rDisti;
        double[] rHighti;
        int[] iZonei;


        for (int ii = 0; ii < 10; ii++) {

            int rTotalLength = Math.max(1, (int) Math.round(rDist[ii] / rStep));
            rStep = rDist[ii] / (rTotalLength - 1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
            rDisti = new double[rTotalLength];
            rHighti = new double[rTotalLength];
            iZonei = new int[rTotalLength];

            rDisti[0] = 0;
            rHighti[0] = 0;  // for flat only terrain
            iZonei[0] = 2;   // for land only paths

            // in this implementation the path is flat (0 masl) and land only (zone = 2)
            // however, the function tl_p452 is complete implementation of P.452-17 including mixed paths.
            for (int i = 1; i < rTotalLength; i++) {
                rDisti[i] = rDisti[i - 1] + rStep;
                rHighti[i] = 0;
                iZonei[i] = 2;
            }

            double result = calculator.tl_p452(f, p, rDisti, rHighti, iZonei, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii], result);
        }
    }

    @Test
    public void test5() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double press = 1013.25;
        double DN = 40;
        double temp = 15;
        double phi_t = 45;
        double phi_r = 45;
        double Gt = 0;
        double Gr = 0;
        double N0 = 325;
        double pol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;

        double f = 0.9;
        double p = 50;
        double htg = 10;
        double hrg = 10;


        double ha_t = 20;
        double dk_t = 0.1;
        double ha_r = 20;
        double dk_r = 0.1;

        double[] rDist = new double[10];
        // Results obtained from the MATLAB implementation of ITU-R P.452-17
        // available on the ITU-R SG3 sharefolder

        rDist[0] = 1;
        rDist[1] = 2.15443469;
        rDist[2] = 4.641588834;
        rDist[3] = 10;
        rDist[4] = 21.5443469;
        rDist[5] = 46.41588834;
        rDist[6] = 100;
        rDist[7] = 215.443469;
        rDist[8] = 464.1588834;
        rDist[9] = 1000;


        double[] expectedResult;
        expectedResult = new double[rDist.length];
        expectedResult[0] = 119.1432;
        expectedResult[1] = 126.9237;
        expectedResult[2] = 134.06574;
        expectedResult[3] = 140.97049;
        expectedResult[4] = 155.658417;
        expectedResult[5] = 182.12541;
        expectedResult[6] = 214.1704;
        expectedResult[7] = 229.1709;
        expectedResult[8] = 253.7757;
        expectedResult[9] = 299.0816;

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double[] rDisti;
        double[] rHighti;
        int[] iZonei;


        for (int ii = 0; ii < 10; ii++) {

            int rTotalLength = Math.max(1, (int) Math.round(rDist[ii] / rStep));
            rStep = rDist[ii] / (rTotalLength - 1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
            rDisti = new double[rTotalLength];
            rHighti = new double[rTotalLength];
            iZonei = new int[rTotalLength];

            rDisti[0] = 0;
            rHighti[0] = 0;  // for flat only terrain
            iZonei[0] = 2;   // for land only paths

            // in this implementation the path is flat (0 masl) and land only (zone = 2)
            // however, the function tl_p452 is complete implementation of P.452-17 including mixed paths.
            for (int i = 1; i < rTotalLength; i++) {
                rDisti[i] = rDisti[i - 1] + rStep;
                rHighti[i] = 0;
                iZonei[i] = 2;
            }

            double result = calculator.tl_p452(f, p, rDisti, rHighti, iZonei, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii], result);
        }
    }

    @Test
    public void test6() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double press = 1013.25;
        double DN = 40;
        double temp = 15;
        double phi_t = 45;
        double phi_r = 45;
        double Gt = 0;
        double Gr = 0;
        double N0 = 325;
        double pol = 1; //(horizontal polarization)
        double dct = 500; // for land only paths
        double dcr = 500;

        double f = 0.9;
        double p = 50;
        double htg = 10;
        double hrg = 10;


        double ha_t = 4;
        double dk_t = 0.1;
        double ha_r = 35;
        double dk_r = 0.02;

        double[] rDist = new double[10];
        // Results obtained from the MATLAB implementation of ITU-R P.452-17
        // available on the ITU-R SG3 sharefolder

        rDist[0] = 1;
        rDist[1] = 2.15443469;
        rDist[2] = 4.641588834;
        rDist[3] = 10;
        rDist[4] = 21.5443469;
        rDist[5] = 46.41588834;
        rDist[6] = 100;
        rDist[7] = 215.443469;
        rDist[8] = 464.1588834;
        rDist[9] = 1000;


        double[] expectedResult;
        expectedResult = new double[rDist.length];
        expectedResult[0] = 110.7031;
        expectedResult[1] = 117.4714;
        expectedResult[2] = 124.1948;
        expectedResult[3] = 130.9091;
        expectedResult[4] = 146.1566;
        expectedResult[5] = 172.5326;
        expectedResult[6] = 203.9381;
        expectedResult[7] = 218.9301;
        expectedResult[8] = 243.5310;
        expectedResult[9] = 288.8351;

        double rStep = 0.01; // step of the evaluation of di every 0.01 km
        double[] rDisti;
        double[] rHighti;
        int[] iZonei;


        for (int ii = 0; ii < 10; ii++) {

            int rTotalLength = Math.max(1, (int) Math.round(rDist[ii] / rStep));
            rStep = rDist[ii] / (rTotalLength - 1); // adjust rStep so that d(0)=0 and d(end)=rDist !!!
            rDisti = new double[rTotalLength];
            rHighti = new double[rTotalLength];
            iZonei = new int[rTotalLength];

            rDisti[0] = 0;
            rHighti[0] = 0;  // for flat only terrain
            iZonei[0] = 2;   // for land only paths

            // in this implementation the path is flat (0 masl) and land only (zone = 2)
            // however, the function tl_p452 is complete implementation of P.452-17 including mixed paths.
            for (int i = 1; i < rTotalLength; i++) {
                rDisti[i] = rDisti[i - 1] + rStep;
                rHighti[i] = 0;
                iZonei[i] = 2;
            }

            double result = calculator.tl_p452(f, p, rDisti, rHighti, iZonei, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii], result);
        }
    }

    @Test
    public void test7() {

        P452ver17PropagationModel calculator = new P452ver17PropagationModel();


        double p = 1013.25;
        double rho = 7.5;
        double T = 273.15 + 15;


        double[] f = new double[20];
        // Results obtained from the MATLAB implementation of ITU-R P.676-11
        // available on the ITU-R SG3 sharefolder

        f[0] = 0.10000000000000001;
        f[1] = 0.16237767391887217;
        f[2] = 0.26366508987303583;
        f[3] = 0.42813323987193935;
        f[4] = 0.69519279617756058;
        f[5] = 1.1288378916846888;
        f[6] = 1.8329807108324356;
        f[7] = 2.9763514416313175;
        f[8] = 4.8329302385717519;
        f[9] = 7.8475997035146108;
        f[10] = 12.742749857031335;
        f[11] = 20.691380811147901;
        f[12] = 33.59818286283781;
        f[13] = 54.555947811685201;
        f[14] = 88.586679041008239;
        f[15] = 143.8449888287663;
        f[16] = 233.57214690901213;
        f[17] = 379.26901907322497;
        f[18] = 615.84821106602612;
        f[19] = 1000;


        double[] expectedResult;
        expectedResult = new double[f.length];
        expectedResult[0] = 0.00020224100600565615;
        expectedResult[1] = 0.00051013233412876117;
        expectedResult[2] = 0.0012071845917911545;
        expectedResult[3] = 0.0025064650394727521;
        expectedResult[4] = 0.0042405467506985324;
        expectedResult[5] = 0.0057741901850789385;
        expectedResult[6] = 0.0067806452843352715;
        expectedResult[7] = 0.0075258886927123585;
        expectedResult[8] = 0.0086020222110426772;
        expectedResult[9] = 0.01124133964884306;
        expectedResult[10] = 0.020212834915547533;
        expectedResult[11] = 0.13698969157863636;
        expectedResult[12] = 0.096810615217813339;
        expectedResult[13] = 3.3207575376324527;
        expectedResult[14] = 0.37243031748254052;
        expectedResult[15] = 0.99082847659237328;
        expectedResult[16] = 2.7027646388535662;
        expectedResult[17] = 274.06032230164345;
        expectedResult[18] = 142.80180703886984;
        expectedResult[19] = 695.77218219718134;


        for (int ii = 0; ii < f.length; ii++) {

            double result = calculator.p676_ga_ver11(f[ii], p, rho, T);

            Assert.assertEquals(expectedResult[ii], result, 1e-15);


        }
    }

    @Test
    public void test10() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_flat_land_1000km
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 40.250000;
        double phi_r = 40.250000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 2.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 49.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 0.000000;
        double dk_t = 0.000000;
        double ha_r = 0.000000;
        double dk_r = 0.000000;
        double[] rDist = new double[1001];
        double[] rHeight = new double[1001];
        int[] iZone = new int[1001];
        rDist[0] = 0.000000;
        rDist[1] = 1.000000;
        rDist[2] = 2.000000;
        rDist[3] = 3.000000;
        rDist[4] = 4.000000;
        rDist[5] = 5.000000;
        rDist[6] = 6.000000;
        rDist[7] = 7.000000;
        rDist[8] = 8.000000;
        rDist[9] = 9.000000;
        rDist[10] = 10.000000;
        rDist[11] = 11.000000;
        rDist[12] = 12.000000;
        rDist[13] = 13.000000;
        rDist[14] = 14.000000;
        rDist[15] = 15.000000;
        rDist[16] = 16.000000;
        rDist[17] = 17.000000;
        rDist[18] = 18.000000;
        rDist[19] = 19.000000;
        rDist[20] = 20.000000;
        rDist[21] = 21.000000;
        rDist[22] = 22.000000;
        rDist[23] = 23.000000;
        rDist[24] = 24.000000;
        rDist[25] = 25.000000;
        rDist[26] = 26.000000;
        rDist[27] = 27.000000;
        rDist[28] = 28.000000;
        rDist[29] = 29.000000;
        rDist[30] = 30.000000;
        rDist[31] = 31.000000;
        rDist[32] = 32.000000;
        rDist[33] = 33.000000;
        rDist[34] = 34.000000;
        rDist[35] = 35.000000;
        rDist[36] = 36.000000;
        rDist[37] = 37.000000;
        rDist[38] = 38.000000;
        rDist[39] = 39.000000;
        rDist[40] = 40.000000;
        rDist[41] = 41.000000;
        rDist[42] = 42.000000;
        rDist[43] = 43.000000;
        rDist[44] = 44.000000;
        rDist[45] = 45.000000;
        rDist[46] = 46.000000;
        rDist[47] = 47.000000;
        rDist[48] = 48.000000;
        rDist[49] = 49.000000;
        rDist[50] = 50.000000;
        rDist[51] = 51.000000;
        rDist[52] = 52.000000;
        rDist[53] = 53.000000;
        rDist[54] = 54.000000;
        rDist[55] = 55.000000;
        rDist[56] = 56.000000;
        rDist[57] = 57.000000;
        rDist[58] = 58.000000;
        rDist[59] = 59.000000;
        rDist[60] = 60.000000;
        rDist[61] = 61.000000;
        rDist[62] = 62.000000;
        rDist[63] = 63.000000;
        rDist[64] = 64.000000;
        rDist[65] = 65.000000;
        rDist[66] = 66.000000;
        rDist[67] = 67.000000;
        rDist[68] = 68.000000;
        rDist[69] = 69.000000;
        rDist[70] = 70.000000;
        rDist[71] = 71.000000;
        rDist[72] = 72.000000;
        rDist[73] = 73.000000;
        rDist[74] = 74.000000;
        rDist[75] = 75.000000;
        rDist[76] = 76.000000;
        rDist[77] = 77.000000;
        rDist[78] = 78.000000;
        rDist[79] = 79.000000;
        rDist[80] = 80.000000;
        rDist[81] = 81.000000;
        rDist[82] = 82.000000;
        rDist[83] = 83.000000;
        rDist[84] = 84.000000;
        rDist[85] = 85.000000;
        rDist[86] = 86.000000;
        rDist[87] = 87.000000;
        rDist[88] = 88.000000;
        rDist[89] = 89.000000;
        rDist[90] = 90.000000;
        rDist[91] = 91.000000;
        rDist[92] = 92.000000;
        rDist[93] = 93.000000;
        rDist[94] = 94.000000;
        rDist[95] = 95.000000;
        rDist[96] = 96.000000;
        rDist[97] = 97.000000;
        rDist[98] = 98.000000;
        rDist[99] = 99.000000;
        rDist[100] = 100.000000;
        rDist[101] = 101.000000;
        rDist[102] = 102.000000;
        rDist[103] = 103.000000;
        rDist[104] = 104.000000;
        rDist[105] = 105.000000;
        rDist[106] = 106.000000;
        rDist[107] = 107.000000;
        rDist[108] = 108.000000;
        rDist[109] = 109.000000;
        rDist[110] = 110.000000;
        rDist[111] = 111.000000;
        rDist[112] = 112.000000;
        rDist[113] = 113.000000;
        rDist[114] = 114.000000;
        rDist[115] = 115.000000;
        rDist[116] = 116.000000;
        rDist[117] = 117.000000;
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        iZone[654] = 2;
        iZone[655] = 2;
        iZone[656] = 2;
        iZone[657] = 2;
        iZone[658] = 2;
        iZone[659] = 2;
        iZone[660] = 2;
        iZone[661] = 2;
        iZone[662] = 2;
        iZone[663] = 2;
        iZone[664] = 2;
        iZone[665] = 2;
        iZone[666] = 2;
        iZone[667] = 2;
        iZone[668] = 2;
        iZone[669] = 2;
        iZone[670] = 2;
        iZone[671] = 2;
        iZone[672] = 2;
        iZone[673] = 2;
        iZone[674] = 2;
        iZone[675] = 2;
        iZone[676] = 2;
        iZone[677] = 2;
        iZone[678] = 2;
        iZone[679] = 2;
        iZone[680] = 2;
        iZone[681] = 2;
        iZone[682] = 2;
        iZone[683] = 2;
        iZone[684] = 2;
        iZone[685] = 2;
        iZone[686] = 2;
        iZone[687] = 2;
        iZone[688] = 2;
        iZone[689] = 2;
        iZone[690] = 2;
        iZone[691] = 2;
        iZone[692] = 2;
        iZone[693] = 2;
        iZone[694] = 2;
        iZone[695] = 2;
        iZone[696] = 2;
        iZone[697] = 2;
        iZone[698] = 2;
        iZone[699] = 2;
        iZone[700] = 2;
        iZone[701] = 2;
        iZone[702] = 2;
        iZone[703] = 2;
        iZone[704] = 2;
        iZone[705] = 2;
        iZone[706] = 2;
        iZone[707] = 2;
        iZone[708] = 2;
        iZone[709] = 2;
        iZone[710] = 2;
        iZone[711] = 2;
        iZone[712] = 2;
        iZone[713] = 2;
        iZone[714] = 2;
        iZone[715] = 2;
        iZone[716] = 2;
        iZone[717] = 2;
        iZone[718] = 2;
        iZone[719] = 2;
        iZone[720] = 2;
        iZone[721] = 2;
        iZone[722] = 2;
        iZone[723] = 2;
        iZone[724] = 2;
        iZone[725] = 2;
        iZone[726] = 2;
        iZone[727] = 2;
        iZone[728] = 2;
        iZone[729] = 2;
        iZone[730] = 2;
        iZone[731] = 2;
        iZone[732] = 2;
        iZone[733] = 2;
        iZone[734] = 2;
        iZone[735] = 2;
        iZone[736] = 2;
        iZone[737] = 2;
        iZone[738] = 2;
        iZone[739] = 2;
        iZone[740] = 2;
        iZone[741] = 2;
        iZone[742] = 2;
        iZone[743] = 2;
        iZone[744] = 2;
        iZone[745] = 2;
        iZone[746] = 2;
        iZone[747] = 2;
        iZone[748] = 2;
        iZone[749] = 2;
        iZone[750] = 2;
        iZone[751] = 2;
        iZone[752] = 2;
        iZone[753] = 2;
        iZone[754] = 2;
        iZone[755] = 2;
        iZone[756] = 2;
        iZone[757] = 2;
        iZone[758] = 2;
        iZone[759] = 2;
        iZone[760] = 2;
        iZone[761] = 2;
        iZone[762] = 2;
        iZone[763] = 2;
        iZone[764] = 2;
        iZone[765] = 2;
        iZone[766] = 2;
        iZone[767] = 2;
        iZone[768] = 2;
        iZone[769] = 2;
        iZone[770] = 2;
        iZone[771] = 2;
        iZone[772] = 2;
        iZone[773] = 2;
        iZone[774] = 2;
        iZone[775] = 2;
        iZone[776] = 2;
        iZone[777] = 2;
        iZone[778] = 2;
        iZone[779] = 2;
        iZone[780] = 2;
        iZone[781] = 2;
        iZone[782] = 2;
        iZone[783] = 2;
        iZone[784] = 2;
        iZone[785] = 2;
        iZone[786] = 2;
        iZone[787] = 2;
        iZone[788] = 2;
        iZone[789] = 2;
        iZone[790] = 2;
        iZone[791] = 2;
        iZone[792] = 2;
        iZone[793] = 2;
        iZone[794] = 2;
        iZone[795] = 2;
        iZone[796] = 2;
        iZone[797] = 2;
        iZone[798] = 2;
        iZone[799] = 2;
        iZone[800] = 2;
        iZone[801] = 2;
        iZone[802] = 2;
        iZone[803] = 2;
        iZone[804] = 2;
        iZone[805] = 2;
        iZone[806] = 2;
        iZone[807] = 2;
        iZone[808] = 2;
        iZone[809] = 2;
        iZone[810] = 2;
        iZone[811] = 2;
        iZone[812] = 2;
        iZone[813] = 2;
        iZone[814] = 2;
        iZone[815] = 2;
        iZone[816] = 2;
        iZone[817] = 2;
        iZone[818] = 2;
        iZone[819] = 2;
        iZone[820] = 2;
        iZone[821] = 2;
        iZone[822] = 2;
        iZone[823] = 2;
        iZone[824] = 2;
        iZone[825] = 2;
        iZone[826] = 2;
        iZone[827] = 2;
        iZone[828] = 2;
        iZone[829] = 2;
        iZone[830] = 2;
        iZone[831] = 2;
        iZone[832] = 2;
        iZone[833] = 2;
        iZone[834] = 2;
        iZone[835] = 2;
        iZone[836] = 2;
        iZone[837] = 2;
        iZone[838] = 2;
        iZone[839] = 2;
        iZone[840] = 2;
        iZone[841] = 2;
        iZone[842] = 2;
        iZone[843] = 2;
        iZone[844] = 2;
        iZone[845] = 2;
        iZone[846] = 2;
        iZone[847] = 2;
        iZone[848] = 2;
        iZone[849] = 2;
        iZone[850] = 2;
        iZone[851] = 2;
        iZone[852] = 2;
        iZone[853] = 2;
        iZone[854] = 2;
        iZone[855] = 2;
        iZone[856] = 2;
        iZone[857] = 2;
        iZone[858] = 2;
        iZone[859] = 2;
        iZone[860] = 2;
        iZone[861] = 2;
        iZone[862] = 2;
        iZone[863] = 2;
        iZone[864] = 2;
        iZone[865] = 2;
        iZone[866] = 2;
        iZone[867] = 2;
        iZone[868] = 2;
        iZone[869] = 2;
        iZone[870] = 2;
        iZone[871] = 2;
        iZone[872] = 2;
        iZone[873] = 2;
        iZone[874] = 2;
        iZone[875] = 2;
        iZone[876] = 2;
        iZone[877] = 2;
        iZone[878] = 2;
        iZone[879] = 2;
        iZone[880] = 2;
        iZone[881] = 2;
        iZone[882] = 2;
        iZone[883] = 2;
        iZone[884] = 2;
        iZone[885] = 2;
        iZone[886] = 2;
        iZone[887] = 2;
        iZone[888] = 2;
        iZone[889] = 2;
        iZone[890] = 2;
        iZone[891] = 2;
        iZone[892] = 2;
        iZone[893] = 2;
        iZone[894] = 2;
        iZone[895] = 2;
        iZone[896] = 2;
        iZone[897] = 2;
        iZone[898] = 2;
        iZone[899] = 2;
        iZone[900] = 2;
        iZone[901] = 2;
        iZone[902] = 2;
        iZone[903] = 2;
        iZone[904] = 2;
        iZone[905] = 2;
        iZone[906] = 2;
        iZone[907] = 2;
        iZone[908] = 2;
        iZone[909] = 2;
        iZone[910] = 2;
        iZone[911] = 2;
        iZone[912] = 2;
        iZone[913] = 2;
        iZone[914] = 2;
        iZone[915] = 2;
        iZone[916] = 2;
        iZone[917] = 2;
        iZone[918] = 2;
        iZone[919] = 2;
        iZone[920] = 2;
        iZone[921] = 2;
        iZone[922] = 2;
        iZone[923] = 2;
        iZone[924] = 2;
        iZone[925] = 2;
        iZone[926] = 2;
        iZone[927] = 2;
        iZone[928] = 2;
        iZone[929] = 2;
        iZone[930] = 2;
        iZone[931] = 2;
        iZone[932] = 2;
        iZone[933] = 2;
        iZone[934] = 2;
        iZone[935] = 2;
        iZone[936] = 2;
        iZone[937] = 2;
        iZone[938] = 2;
        iZone[939] = 2;
        iZone[940] = 2;
        iZone[941] = 2;
        iZone[942] = 2;
        iZone[943] = 2;
        iZone[944] = 2;
        iZone[945] = 2;
        iZone[946] = 2;
        iZone[947] = 2;
        iZone[948] = 2;
        iZone[949] = 2;
        iZone[950] = 2;
        iZone[951] = 2;
        iZone[952] = 2;
        iZone[953] = 2;
        iZone[954] = 2;
        iZone[955] = 2;
        iZone[956] = 2;
        iZone[957] = 2;
        iZone[958] = 2;
        iZone[959] = 2;
        iZone[960] = 2;
        iZone[961] = 2;
        iZone[962] = 2;
        iZone[963] = 2;
        iZone[964] = 2;
        iZone[965] = 2;
        iZone[966] = 2;
        iZone[967] = 2;
        iZone[968] = 2;
        iZone[969] = 2;
        iZone[970] = 2;
        iZone[971] = 2;
        iZone[972] = 2;
        iZone[973] = 2;
        iZone[974] = 2;
        iZone[975] = 2;
        iZone[976] = 2;
        iZone[977] = 2;
        iZone[978] = 2;
        iZone[979] = 2;
        iZone[980] = 2;
        iZone[981] = 2;
        iZone[982] = 2;
        iZone[983] = 2;
        iZone[984] = 2;
        iZone[985] = 2;
        iZone[986] = 2;
        iZone[987] = 2;
        iZone[988] = 2;
        iZone[989] = 2;
        iZone[990] = 2;
        iZone[991] = 2;
        iZone[992] = 2;
        iZone[993] = 2;
        iZone[994] = 2;
        iZone[995] = 2;
        iZone[996] = 2;
        iZone[997] = 2;
        iZone[998] = 2;
        iZone[999] = 2;
        iZone[1000] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  272.839206;
        expectedResult[1] =  229.530768;
        expectedResult[2] =  235.239344;
        expectedResult[3] =  241.035922;
        expectedResult[4] =  247.064225;
        expectedResult[5] =  253.356950;
        expectedResult[6] =  259.655511;
        expectedResult[7] =  265.557569;
        expectedResult[8] =  270.897384;
        expectedResult[9] =  275.788178;
        expectedResult[10] =  280.447251;
        expectedResult[11] =  285.154038;
        expectedResult[12] =  290.435740;
        expectedResult[13] =  298.069002;
        expectedResult[14] =  330.856917;
        expectedResult[15] =  340.266928;
        expectedResult[16] =  410.420353;
        expectedResult[17] =  611.122357;
        expectedResult[18] =  258.569137;
        expectedResult[19] =  262.430523;
        expectedResult[20] =  264.163451;
        expectedResult[21] =  265.345755;
        expectedResult[22] =  266.266355;
        expectedResult[23] =  267.033730;
        expectedResult[24] =  267.701175;
        expectedResult[25] =  268.299257;
        expectedResult[26] =  268.847501;
        expectedResult[27] =  269.359533;
        expectedResult[28] =  269.845700;
        expectedResult[29] =  270.314664;
        expectedResult[30] =  270.774620;
        expectedResult[31] =  271.234692;
        expectedResult[32] =  271.707473;
        expectedResult[33] =  272.216377;
        expectedResult[34] =  272.839206;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 49;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test11() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_flat_land_100km
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 51.200000;
        double phi_r = 50.730000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 2.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 49.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 0.000000;
        double dk_t = 0.000000;
        double ha_r = 0.000000;
        double dk_r = 0.000000;
        double[] rDist = new double[101];
        double[] rHeight = new double[101];
        int[] iZone = new int[101];
        rDist[0] = 0.000000;
        rDist[1] = 1.000000;
        rDist[2] = 2.000000;
        rDist[3] = 3.000000;
        rDist[4] = 4.000000;
        rDist[5] = 5.000000;
        rDist[6] = 6.000000;
        rDist[7] = 7.000000;
        rDist[8] = 8.000000;
        rDist[9] = 9.000000;
        rDist[10] = 10.000000;
        rDist[11] = 11.000000;
        rDist[12] = 12.000000;
        rDist[13] = 13.000000;
        rDist[14] = 14.000000;
        rDist[15] = 15.000000;
        rDist[16] = 16.000000;
        rDist[17] = 17.000000;
        rDist[18] = 18.000000;
        rDist[19] = 19.000000;
        rDist[20] = 20.000000;
        rDist[21] = 21.000000;
        rDist[22] = 22.000000;
        rDist[23] = 23.000000;
        rDist[24] = 24.000000;
        rDist[25] = 25.000000;
        rDist[26] = 26.000000;
        rDist[27] = 27.000000;
        rDist[28] = 28.000000;
        rDist[29] = 29.000000;
        rDist[30] = 30.000000;
        rDist[31] = 31.000000;
        rDist[32] = 32.000000;
        rDist[33] = 33.000000;
        rDist[34] = 34.000000;
        rDist[35] = 35.000000;
        rDist[36] = 36.000000;
        rDist[37] = 37.000000;
        rDist[38] = 38.000000;
        rDist[39] = 39.000000;
        rDist[40] = 40.000000;
        rDist[41] = 41.000000;
        rDist[42] = 42.000000;
        rDist[43] = 43.000000;
        rDist[44] = 44.000000;
        rDist[45] = 45.000000;
        rDist[46] = 46.000000;
        rDist[47] = 47.000000;
        rDist[48] = 48.000000;
        rDist[49] = 49.000000;
        rDist[50] = 50.000000;
        rDist[51] = 51.000000;
        rDist[52] = 52.000000;
        rDist[53] = 53.000000;
        rDist[54] = 54.000000;
        rDist[55] = 55.000000;
        rDist[56] = 56.000000;
        rDist[57] = 57.000000;
        rDist[58] = 58.000000;
        rDist[59] = 59.000000;
        rDist[60] = 60.000000;
        rDist[61] = 61.000000;
        rDist[62] = 62.000000;
        rDist[63] = 63.000000;
        rDist[64] = 64.000000;
        rDist[65] = 65.000000;
        rDist[66] = 66.000000;
        rDist[67] = 67.000000;
        rDist[68] = 68.000000;
        rDist[69] = 69.000000;
        rDist[70] = 70.000000;
        rDist[71] = 71.000000;
        rDist[72] = 72.000000;
        rDist[73] = 73.000000;
        rDist[74] = 74.000000;
        rDist[75] = 75.000000;
        rDist[76] = 76.000000;
        rDist[77] = 77.000000;
        rDist[78] = 78.000000;
        rDist[79] = 79.000000;
        rDist[80] = 80.000000;
        rDist[81] = 81.000000;
        rDist[82] = 82.000000;
        rDist[83] = 83.000000;
        rDist[84] = 84.000000;
        rDist[85] = 85.000000;
        rDist[86] = 86.000000;
        rDist[87] = 87.000000;
        rDist[88] = 88.000000;
        rDist[89] = 89.000000;
        rDist[90] = 90.000000;
        rDist[91] = 91.000000;
        rDist[92] = 92.000000;
        rDist[93] = 93.000000;
        rDist[94] = 94.000000;
        rDist[95] = 95.000000;
        rDist[96] = 96.000000;
        rDist[97] = 97.000000;
        rDist[98] = 98.000000;
        rDist[99] = 99.000000;
        rDist[100] = 100.000000;
        rHeight[0] = 0.000000;
        rHeight[1] = 0.000000;
        rHeight[2] = 0.000000;
        rHeight[3] = 0.000000;
        rHeight[4] = 0.000000;
        rHeight[5] = 0.000000;
        rHeight[6] = 0.000000;
        rHeight[7] = 0.000000;
        rHeight[8] = 0.000000;
        rHeight[9] = 0.000000;
        rHeight[10] = 0.000000;
        rHeight[11] = 0.000000;
        rHeight[12] = 0.000000;
        rHeight[13] = 0.000000;
        rHeight[14] = 0.000000;
        rHeight[15] = 0.000000;
        rHeight[16] = 0.000000;
        rHeight[17] = 0.000000;
        rHeight[18] = 0.000000;
        rHeight[19] = 0.000000;
        rHeight[20] = 0.000000;
        rHeight[21] = 0.000000;
        rHeight[22] = 0.000000;
        rHeight[23] = 0.000000;
        rHeight[24] = 0.000000;
        rHeight[25] = 0.000000;
        rHeight[26] = 0.000000;
        rHeight[27] = 0.000000;
        rHeight[28] = 0.000000;
        rHeight[29] = 0.000000;
        rHeight[30] = 0.000000;
        rHeight[31] = 0.000000;
        rHeight[32] = 0.000000;
        rHeight[33] = 0.000000;
        rHeight[34] = 0.000000;
        rHeight[35] = 0.000000;
        rHeight[36] = 0.000000;
        rHeight[37] = 0.000000;
        rHeight[38] = 0.000000;
        rHeight[39] = 0.000000;
        rHeight[40] = 0.000000;
        rHeight[41] = 0.000000;
        rHeight[42] = 0.000000;
        rHeight[43] = 0.000000;
        rHeight[44] = 0.000000;
        rHeight[45] = 0.000000;
        rHeight[46] = 0.000000;
        rHeight[47] = 0.000000;
        rHeight[48] = 0.000000;
        rHeight[49] = 0.000000;
        rHeight[50] = 0.000000;
        rHeight[51] = 0.000000;
        rHeight[52] = 0.000000;
        rHeight[53] = 0.000000;
        rHeight[54] = 0.000000;
        rHeight[55] = 0.000000;
        rHeight[56] = 0.000000;
        rHeight[57] = 0.000000;
        rHeight[58] = 0.000000;
        rHeight[59] = 0.000000;
        rHeight[60] = 0.000000;
        rHeight[61] = 0.000000;
        rHeight[62] = 0.000000;
        rHeight[63] = 0.000000;
        rHeight[64] = 0.000000;
        rHeight[65] = 0.000000;
        rHeight[66] = 0.000000;
        rHeight[67] = 0.000000;
        rHeight[68] = 0.000000;
        rHeight[69] = 0.000000;
        rHeight[70] = 0.000000;
        rHeight[71] = 0.000000;
        rHeight[72] = 0.000000;
        rHeight[73] = 0.000000;
        rHeight[74] = 0.000000;
        rHeight[75] = 0.000000;
        rHeight[76] = 0.000000;
        rHeight[77] = 0.000000;
        rHeight[78] = 0.000000;
        rHeight[79] = 0.000000;
        rHeight[80] = 0.000000;
        rHeight[81] = 0.000000;
        rHeight[82] = 0.000000;
        rHeight[83] = 0.000000;
        rHeight[84] = 0.000000;
        rHeight[85] = 0.000000;
        rHeight[86] = 0.000000;
        rHeight[87] = 0.000000;
        rHeight[88] = 0.000000;
        rHeight[89] = 0.000000;
        rHeight[90] = 0.000000;
        rHeight[91] = 0.000000;
        rHeight[92] = 0.000000;
        rHeight[93] = 0.000000;
        rHeight[94] = 0.000000;
        rHeight[95] = 0.000000;
        rHeight[96] = 0.000000;
        rHeight[97] = 0.000000;
        rHeight[98] = 0.000000;
        rHeight[99] = 0.000000;
        rHeight[100] = 0.000000;
        iZone[0] = 2;
        iZone[1] = 2;
        iZone[2] = 2;
        iZone[3] = 2;
        iZone[4] = 2;
        iZone[5] = 2;
        iZone[6] = 2;
        iZone[7] = 2;
        iZone[8] = 2;
        iZone[9] = 2;
        iZone[10] = 2;
        iZone[11] = 2;
        iZone[12] = 2;
        iZone[13] = 2;
        iZone[14] = 2;
        iZone[15] = 2;
        iZone[16] = 2;
        iZone[17] = 2;
        iZone[18] = 2;
        iZone[19] = 2;
        iZone[20] = 2;
        iZone[21] = 2;
        iZone[22] = 2;
        iZone[23] = 2;
        iZone[24] = 2;
        iZone[25] = 2;
        iZone[26] = 2;
        iZone[27] = 2;
        iZone[28] = 2;
        iZone[29] = 2;
        iZone[30] = 2;
        iZone[31] = 2;
        iZone[32] = 2;
        iZone[33] = 2;
        iZone[34] = 2;
        iZone[35] = 2;
        iZone[36] = 2;
        iZone[37] = 2;
        iZone[38] = 2;
        iZone[39] = 2;
        iZone[40] = 2;
        iZone[41] = 2;
        iZone[42] = 2;
        iZone[43] = 2;
        iZone[44] = 2;
        iZone[45] = 2;
        iZone[46] = 2;
        iZone[47] = 2;
        iZone[48] = 2;
        iZone[49] = 2;
        iZone[50] = 2;
        iZone[51] = 2;
        iZone[52] = 2;
        iZone[53] = 2;
        iZone[54] = 2;
        iZone[55] = 2;
        iZone[56] = 2;
        iZone[57] = 2;
        iZone[58] = 2;
        iZone[59] = 2;
        iZone[60] = 2;
        iZone[61] = 2;
        iZone[62] = 2;
        iZone[63] = 2;
        iZone[64] = 2;
        iZone[65] = 2;
        iZone[66] = 2;
        iZone[67] = 2;
        iZone[68] = 2;
        iZone[69] = 2;
        iZone[70] = 2;
        iZone[71] = 2;
        iZone[72] = 2;
        iZone[73] = 2;
        iZone[74] = 2;
        iZone[75] = 2;
        iZone[76] = 2;
        iZone[77] = 2;
        iZone[78] = 2;
        iZone[79] = 2;
        iZone[80] = 2;
        iZone[81] = 2;
        iZone[82] = 2;
        iZone[83] = 2;
        iZone[84] = 2;
        iZone[85] = 2;
        iZone[86] = 2;
        iZone[87] = 2;
        iZone[88] = 2;
        iZone[89] = 2;
        iZone[90] = 2;
        iZone[91] = 2;
        iZone[92] = 2;
        iZone[93] = 2;
        iZone[94] = 2;
        iZone[95] = 2;
        iZone[96] = 2;
        iZone[97] = 2;
        iZone[98] = 2;
        iZone[99] = 2;
        iZone[100] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  193.141029;
        expectedResult[1] =  155.728400;
        expectedResult[2] =  161.222407;
        expectedResult[3] =  166.585711;
        expectedResult[4] =  171.832750;
        expectedResult[5] =  176.966743;
        expectedResult[6] =  181.961747;
        expectedResult[7] =  186.777522;
        expectedResult[8] =  191.397521;
        expectedResult[9] =  195.833080;
        expectedResult[10] =  200.105929;
        expectedResult[11] =  204.244014;
        expectedResult[12] =  208.300053;
        expectedResult[13] =  212.451712;
        expectedResult[14] =  218.979300;
        expectedResult[15] =  223.029560;
        expectedResult[16] =  233.014625;
        expectedResult[17] =  254.025963;
        expectedResult[18] =  152.443322;
        expectedResult[19] =  169.319637;
        expectedResult[20] =  178.998492;
        expectedResult[21] =  184.605506;
        expectedResult[22] =  186.456268;
        expectedResult[23] =  187.322192;
        expectedResult[24] =  188.001045;
        expectedResult[25] =  188.600742;
        expectedResult[26] =  189.149258;
        expectedResult[27] =  189.661342;
        expectedResult[28] =  190.147520;
        expectedResult[29] =  190.616487;
        expectedResult[30] =  191.076444;
        expectedResult[31] =  191.536516;
        expectedResult[32] =  192.009297;
        expectedResult[33] =  192.518201;
        expectedResult[34] =  193.141029;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 49;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test12() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_land_70km
        double press = 1013.000000;
        double DN = 50.000000;
        double temp = 15.000000;
        double phi_t = 40.500000;
        double phi_r = 40.000000;
        double Gt = 10.000000;
        double Gr = 22.000000;
        double N0 = 301.000000;
        double pol = 1.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 10.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 0.000000;
        double dk_t = 0.000000;
        double ha_r = 0.000000;
        double dk_r = 0.000000;
        double[] rDist = new double[2002];
        double[] rHeight = new double[2002];
        int[] iZone = new int[2002];
        rDist[0] = 0.000000;
        rDist[1] = 0.034953;
        rDist[2] = 0.069905;
        rDist[3] = 0.104858;
        rDist[4] = 0.139811;
        rDist[5] = 0.174764;
        rDist[6] = 0.209716;
        rDist[7] = 0.244669;
        rDist[8] = 0.279622;
        rDist[9] = 0.314575;
        rDist[10] = 0.349527;
        rDist[11] = 0.384480;
        rDist[12] = 0.419433;
        rDist[13] = 0.454386;
        rDist[14] = 0.489338;
        rDist[15] = 0.524291;
        rDist[16] = 0.559244;
        rDist[17] = 0.594197;
        rDist[18] = 0.629149;
        rDist[19] = 0.664102;
        rDist[20] = 0.699055;
        rDist[21] = 0.734008;
        rDist[22] = 0.768960;
        rDist[23] = 0.803913;
        rDist[24] = 0.838866;
        rDist[25] = 0.873818;
        rDist[26] = 0.908771;
        rDist[27] = 0.943724;
        rDist[28] = 0.978677;
        rDist[29] = 1.013629;
        rDist[30] = 1.048582;
        rDist[31] = 1.083535;
        rDist[32] = 1.118488;
        rDist[33] = 1.153440;
        rDist[34] = 1.188393;
        rDist[35] = 1.223346;
        rDist[36] = 1.258299;
        rDist[37] = 1.293251;
        rDist[38] = 1.328204;
        rDist[39] = 1.363157;
        rDist[40] = 1.398110;
        rDist[41] = 1.433062;
        rDist[42] = 1.468015;
        rDist[43] = 1.502968;
        rDist[44] = 1.537920;
        rDist[45] = 1.572873;
        rDist[46] = 1.607826;
        rDist[47] = 1.642779;
        rDist[48] = 1.677731;
        rDist[49] = 1.712684;
        rDist[50] = 1.747637;
        rDist[51] = 1.782590;
        rDist[52] = 1.817542;
        rDist[53] = 1.852495;
        rDist[54] = 1.887448;
        rDist[55] = 1.922401;
        rDist[56] = 1.957353;
        rDist[57] = 1.992306;
        rDist[58] = 2.027259;
        rDist[59] = 2.062212;
        rDist[60] = 2.097164;
        rDist[61] = 2.132117;
        rDist[62] = 2.167070;
        rDist[63] = 2.202023;
        rDist[64] = 2.236975;
        rDist[65] = 2.271928;
        rDist[66] = 2.306881;
        rDist[67] = 2.341833;
        rDist[68] = 2.376786;
        rDist[69] = 2.411739;
        rDist[70] = 2.446692;
        rDist[71] = 2.481644;
        rDist[72] = 2.516597;
        rDist[73] = 2.551550;
        rDist[74] = 2.586503;
        rDist[75] = 2.621455;
        rDist[76] = 2.656408;
        rDist[77] = 2.691361;
        rDist[78] = 2.726314;
        rDist[79] = 2.761266;
        rDist[80] = 2.796219;
        rDist[81] = 2.831172;
        rDist[82] = 2.866125;
        rDist[83] = 2.901077;
        rDist[84] = 2.936030;
        rDist[85] = 2.970983;
        rDist[86] = 3.005935;
        rDist[87] = 3.040888;
        rDist[88] = 3.075841;
        rDist[89] = 3.110794;
        rDist[90] = 3.145746;
        rDist[91] = 3.180699;
        rDist[92] = 3.215652;
        rDist[93] = 3.250605;
        rDist[94] = 3.285557;
        rDist[95] = 3.320510;
        rDist[96] = 3.355463;
        rDist[97] = 3.390416;
        rDist[98] = 3.425368;
        rDist[99] = 3.460321;
        rDist[100] = 3.495274;
        rDist[101] = 3.530227;
        rDist[102] = 3.565179;
        rDist[103] = 3.600132;
        rDist[104] = 3.635085;
        rDist[105] = 3.670038;
        rDist[106] = 3.704990;
        rDist[107] = 3.739943;
        rDist[108] = 3.774896;
        rDist[109] = 3.809848;
        rDist[110] = 3.844801;
        rDist[111] = 3.879754;
        rDist[112] = 3.914707;
        rDist[113] = 3.949659;
        rDist[114] = 3.984612;
        rDist[115] = 4.019565;
        rDist[116] = 4.054518;
        rDist[117] = 4.089470;
        rDist[118] = 4.124423;
        rDist[119] = 4.159376;
        rDist[120] = 4.194329;
        rDist[121] = 4.229281;
        rDist[122] = 4.264234;
        rDist[123] = 4.299187;
        rDist[124] = 4.334140;
        rDist[125] = 4.369092;
        rDist[126] = 4.404045;
        rDist[127] = 4.438998;
        rDist[128] = 4.473950;
        rDist[129] = 4.508903;
        rDist[130] = 4.543856;
        rDist[131] = 4.578809;
        rDist[132] = 4.613761;
        rDist[133] = 4.648714;
        rDist[134] = 4.683667;
        rDist[135] = 4.718620;
        rDist[136] = 4.753572;
        rDist[137] = 4.788525;
        rDist[138] = 4.823478;
        rDist[139] = 4.858431;
        rDist[140] = 4.893383;
        rDist[141] = 4.928336;
        rDist[142] = 4.963289;
        rDist[143] = 4.998242;
        rDist[144] = 5.033194;
        rDist[145] = 5.068147;
        rDist[146] = 5.103100;
        rDist[147] = 5.138053;
        rDist[148] = 5.173005;
        rDist[149] = 5.207958;
        rDist[150] = 5.242911;
        rDist[151] = 5.277863;
        rDist[152] = 5.312816;
        rDist[153] = 5.347769;
        rDist[154] = 5.382722;
        rDist[155] = 5.417674;
        rDist[156] = 5.452627;
        rDist[157] = 5.487580;
        rDist[158] = 5.522533;
        rDist[159] = 5.557485;
        rDist[160] = 5.592438;
        rDist[161] = 5.627391;
        rDist[162] = 5.662344;
        rDist[163] = 5.697296;
        rDist[164] = 5.732249;
        rDist[165] = 5.767202;
        rDist[166] = 5.802155;
        rDist[167] = 5.837107;
        rDist[168] = 5.872060;
        rDist[169] = 5.907013;
        rDist[170] = 5.941965;
        rDist[171] = 5.976918;
        rDist[172] = 6.011871;
        rDist[173] = 6.046824;
        rDist[174] = 6.081776;
        rDist[175] = 6.116729;
        rDist[176] = 6.151682;
        rDist[177] = 6.186635;
        rDist[178] = 6.221587;
        rDist[179] = 6.256540;
        rDist[180] = 6.291493;
        rDist[181] = 6.326446;
        rDist[182] = 6.361398;
        rDist[183] = 6.396351;
        rDist[184] = 6.431304;
        rDist[185] = 6.466257;
        rDist[186] = 6.501209;
        rDist[187] = 6.536162;
        rDist[188] = 6.571115;
        rDist[189] = 6.606068;
        rDist[190] = 6.641020;
        rDist[191] = 6.675973;
        rDist[192] = 6.710926;
        rDist[193] = 6.745878;
        rDist[194] = 6.780831;
        rDist[195] = 6.815784;
        rDist[196] = 6.850737;
        rDist[197] = 6.885689;
        rDist[198] = 6.920642;
        rDist[199] = 6.955595;
        rDist[200] = 6.990548;
        rDist[201] = 7.025500;
        rDist[202] = 7.060453;
        rDist[203] = 7.095406;
        rDist[204] = 7.130359;
        rDist[205] = 7.165311;
        rDist[206] = 7.200264;
        rDist[207] = 7.235217;
        rDist[208] = 7.270170;
        rDist[209] = 7.305122;
        rDist[210] = 7.340075;
        rDist[211] = 7.375028;
        rDist[212] = 7.409981;
        rDist[213] = 7.444933;
        rDist[214] = 7.479886;
        rDist[215] = 7.514839;
        rDist[216] = 7.549791;
        rDist[217] = 7.584744;
        rDist[218] = 7.619697;
        rDist[219] = 7.654650;
        rDist[220] = 7.689602;
        rDist[221] = 7.724555;
        rDist[222] = 7.759508;
        rDist[223] = 7.794461;
        rDist[224] = 7.829413;
        rDist[225] = 7.864366;
        rDist[226] = 7.899319;
        rDist[227] = 7.934272;
        rDist[228] = 7.969224;
        rDist[229] = 8.004177;
        rDist[230] = 8.039130;
        rDist[231] = 8.074083;
        rDist[232] = 8.109035;
        rDist[233] = 8.143988;
        rDist[234] = 8.178941;
        rDist[235] = 8.213893;
        rDist[236] = 8.248846;
        rDist[237] = 8.283799;
        rDist[238] = 8.318752;
        rDist[239] = 8.353704;
        rDist[240] = 8.388657;
        rDist[241] = 8.423610;
        rDist[242] = 8.458563;
        rDist[243] = 8.493515;
        rDist[244] = 8.528468;
        rDist[245] = 8.563421;
        rDist[246] = 8.598374;
        rDist[247] = 8.633326;
        rDist[248] = 8.668279;
        rDist[249] = 8.703232;
        rDist[250] = 8.738185;
        rDist[251] = 8.773137;
        rDist[252] = 8.808090;
        rDist[253] = 8.843043;
        rDist[254] = 8.877996;
        rDist[255] = 8.912948;
        rDist[256] = 8.947901;
        rDist[257] = 8.982854;
        rDist[258] = 9.017806;
        rDist[259] = 9.052759;
        rDist[260] = 9.087712;
        rDist[261] = 9.122665;
        rDist[262] = 9.157617;
        rDist[263] = 9.192570;
        rDist[264] = 9.227523;
        rDist[265] = 9.262476;
        rDist[266] = 9.297428;
        rDist[267] = 9.332381;
        rDist[268] = 9.367334;
        rDist[269] = 9.402287;
        rDist[270] = 9.437239;
        rDist[271] = 9.472192;
        rDist[272] = 9.507145;
        rDist[273] = 9.542098;
        rDist[274] = 9.577050;
        rDist[275] = 9.612003;
        rDist[276] = 9.646956;
        rDist[277] = 9.681908;
        rDist[278] = 9.716861;
        rDist[279] = 9.751814;
        rDist[280] = 9.786767;
        rDist[281] = 9.821719;
        rDist[282] = 9.856672;
        rDist[283] = 9.891625;
        rDist[284] = 9.926578;
        rDist[285] = 9.961530;
        rDist[286] = 9.996483;
        rDist[287] = 10.031436;
        rDist[288] = 10.066389;
        rDist[289] = 10.101341;
        rDist[290] = 10.136294;
        rDist[291] = 10.171247;
        rDist[292] = 10.206200;
        rDist[293] = 10.241152;
        rDist[294] = 10.276105;
        rDist[295] = 10.311058;
        rDist[296] = 10.346011;
        rDist[297] = 10.380963;
        rDist[298] = 10.415916;
        rDist[299] = 10.450869;
        rDist[300] = 10.485821;
        rDist[301] = 10.520774;
        rDist[302] = 10.555727;
        rDist[303] = 10.590680;
        rDist[304] = 10.625632;
        rDist[305] = 10.660585;
        rDist[306] = 10.695538;
        rDist[307] = 10.730491;
        rDist[308] = 10.765443;
        rDist[309] = 10.800396;
        rDist[310] = 10.835349;
        rDist[311] = 10.870302;
        rDist[312] = 10.905254;
        rDist[313] = 10.940207;
        rDist[314] = 10.975160;
        rDist[315] = 11.010113;
        rDist[316] = 11.045065;
        rDist[317] = 11.080018;
        rDist[318] = 11.114971;
        rDist[319] = 11.149923;
        rDist[320] = 11.184876;
        rDist[321] = 11.219829;
        rDist[322] = 11.254782;
        rDist[323] = 11.289734;
        rDist[324] = 11.324687;
        rDist[325] = 11.359640;
        rDist[326] = 11.394593;
        rDist[327] = 11.429545;
        rDist[328] = 11.464498;
        rDist[329] = 11.499451;
        rDist[330] = 11.534404;
        rDist[331] = 11.569356;
        rDist[332] = 11.604309;
        rDist[333] = 11.639262;
        rDist[334] = 11.674215;
        rDist[335] = 11.709167;
        rDist[336] = 11.744120;
        rDist[337] = 11.779073;
        rDist[338] = 11.814026;
        rDist[339] = 11.848978;
        rDist[340] = 11.883931;
        rDist[341] = 11.918884;
        rDist[342] = 11.953836;
        rDist[343] = 11.988789;
        rDist[344] = 12.023742;
        rDist[345] = 12.058695;
        rDist[346] = 12.093647;
        rDist[347] = 12.128600;
        rDist[348] = 12.163553;
        rDist[349] = 12.198506;
        rDist[350] = 12.233458;
        rDist[351] = 12.268411;
        rDist[352] = 12.303364;
        rDist[353] = 12.338317;
        rDist[354] = 12.373269;
        rDist[355] = 12.408222;
        rDist[356] = 12.443175;
        rDist[357] = 12.478128;
        rDist[358] = 12.513080;
        rDist[359] = 12.548033;
        rDist[360] = 12.582986;
        rDist[361] = 12.617938;
        rDist[362] = 12.652891;
        rDist[363] = 12.687844;
        rDist[364] = 12.722797;
        rDist[365] = 12.757749;
        rDist[366] = 12.792702;
        rDist[367] = 12.827655;
        rDist[368] = 12.862608;
        rDist[369] = 12.897560;
        rDist[370] = 12.932513;
        rDist[371] = 12.967466;
        rDist[372] = 13.002419;
        rDist[373] = 13.037371;
        rDist[374] = 13.072324;
        rDist[375] = 13.107277;
        rDist[376] = 13.142230;
        rDist[377] = 13.177182;
        rDist[378] = 13.212135;
        rDist[379] = 13.247088;
        rDist[380] = 13.282041;
        rDist[381] = 13.316993;
        rDist[382] = 13.351946;
        rDist[383] = 13.386899;
        rDist[384] = 13.421851;
        rDist[385] = 13.456804;
        rDist[386] = 13.491757;
        rDist[387] = 13.526710;
        rDist[388] = 13.561662;
        rDist[389] = 13.596615;
        rDist[390] = 13.631568;
        rDist[391] = 13.666521;
        rDist[392] = 13.701473;
        rDist[393] = 13.736426;
        rDist[394] = 13.771379;
        rDist[395] = 13.806332;
        rDist[396] = 13.841284;
        rDist[397] = 13.876237;
        rDist[398] = 13.911190;
        rDist[399] = 13.946143;
        rDist[400] = 13.981095;
        rDist[401] = 14.016048;
        rDist[402] = 14.051001;
        rDist[403] = 14.085953;
        rDist[404] = 14.120906;
        rDist[405] = 14.155859;
        rDist[406] = 14.190812;
        rDist[407] = 14.225764;
        rDist[408] = 14.260717;
        rDist[409] = 14.295670;
        rDist[410] = 14.330623;
        rDist[411] = 14.365575;
        rDist[412] = 14.400528;
        rDist[413] = 14.435481;
        rDist[414] = 14.470434;
        rDist[415] = 14.505386;
        rDist[416] = 14.540339;
        rDist[417] = 14.575292;
        rDist[418] = 14.610245;
        rDist[419] = 14.645197;
        rDist[420] = 14.680150;
        rDist[421] = 14.715103;
        rDist[422] = 14.750056;
        rDist[423] = 14.785008;
        rDist[424] = 14.819961;
        rDist[425] = 14.854914;
        rDist[426] = 14.889866;
        rDist[427] = 14.924819;
        rDist[428] = 14.959772;
        rDist[429] = 14.994725;
        rDist[430] = 15.029677;
        rDist[431] = 15.064630;
        rDist[432] = 15.099583;
        rDist[433] = 15.134536;
        rDist[434] = 15.169488;
        rDist[435] = 15.204441;
        rDist[436] = 15.239394;
        rDist[437] = 15.274347;
        rDist[438] = 15.309299;
        rDist[439] = 15.344252;
        rDist[440] = 15.379205;
        rDist[441] = 15.414158;
        rDist[442] = 15.449110;
        rDist[443] = 15.484063;
        rDist[444] = 15.519016;
        rDist[445] = 15.553969;
        rDist[446] = 15.588921;
        rDist[447] = 15.623874;
        rDist[448] = 15.658827;
        rDist[449] = 15.693779;
        rDist[450] = 15.728732;
        rDist[451] = 15.763685;
        rDist[452] = 15.798638;
        rDist[453] = 15.833590;
        rDist[454] = 15.868543;
        rDist[455] = 15.903496;
        rDist[456] = 15.938449;
        rDist[457] = 15.973401;
        rDist[458] = 16.008354;
        rDist[459] = 16.043307;
        rDist[460] = 16.078260;
        rDist[461] = 16.113212;
        rDist[462] = 16.148165;
        rDist[463] = 16.183118;
        rDist[464] = 16.218071;
        rDist[465] = 16.253023;
        rDist[466] = 16.287976;
        rDist[467] = 16.322929;
        rDist[468] = 16.357881;
        rDist[469] = 16.392834;
        rDist[470] = 16.427787;
        rDist[471] = 16.462740;
        rDist[472] = 16.497692;
        rDist[473] = 16.532645;
        rDist[474] = 16.567598;
        rDist[475] = 16.602551;
        rDist[476] = 16.637503;
        rDist[477] = 16.672456;
        rDist[478] = 16.707409;
        rDist[479] = 16.742362;
        rDist[480] = 16.777314;
        rDist[481] = 16.812267;
        rDist[482] = 16.847220;
        rDist[483] = 16.882173;
        rDist[484] = 16.917125;
        rDist[485] = 16.952078;
        rDist[486] = 16.987031;
        rDist[487] = 17.021984;
        rDist[488] = 17.056936;
        rDist[489] = 17.091889;
        rDist[490] = 17.126842;
        rDist[491] = 17.161794;
        rDist[492] = 17.196747;
        rDist[493] = 17.231700;
        rDist[494] = 17.266653;
        rDist[495] = 17.301605;
        rDist[496] = 17.336558;
        rDist[497] = 17.371511;
        rDist[498] = 17.406464;
        rDist[499] = 17.441416;
        rDist[500] = 17.476369;
        rDist[501] = 17.511322;
        rDist[502] = 17.546275;
        rDist[503] = 17.581227;
        rDist[504] = 17.616180;
        rDist[505] = 17.651133;
        rDist[506] = 17.686086;
        rDist[507] = 17.721038;
        rDist[508] = 17.755991;
        rDist[509] = 17.790944;
        rDist[510] = 17.825896;
        rDist[511] = 17.860849;
        rDist[512] = 17.895802;
        rDist[513] = 17.930755;
        rDist[514] = 17.965707;
        rDist[515] = 18.000660;
        rDist[516] = 18.035613;
        rDist[517] = 18.070566;
        rDist[518] = 18.105518;
        rDist[519] = 18.140471;
        rDist[520] = 18.175424;
        rDist[521] = 18.210377;
        rDist[522] = 18.245329;
        rDist[523] = 18.280282;
        rDist[524] = 18.315235;
        rDist[525] = 18.350188;
        rDist[526] = 18.385140;
        rDist[527] = 18.420093;
        rDist[528] = 18.455046;
        rDist[529] = 18.489999;
        rDist[530] = 18.524951;
        rDist[531] = 18.559904;
        rDist[532] = 18.594857;
        rDist[533] = 18.629809;
        rDist[534] = 18.664762;
        rDist[535] = 18.699715;
        rDist[536] = 18.734668;
        rDist[537] = 18.769620;
        rDist[538] = 18.804573;
        rDist[539] = 18.839526;
        rDist[540] = 18.874479;
        rDist[541] = 18.909431;
        rDist[542] = 18.944384;
        rDist[543] = 18.979337;
        rDist[544] = 19.014290;
        rDist[545] = 19.049242;
        rDist[546] = 19.084195;
        rDist[547] = 19.119148;
        rDist[548] = 19.154101;
        rDist[549] = 19.189053;
        rDist[550] = 19.224006;
        rDist[551] = 19.258959;
        rDist[552] = 19.293911;
        rDist[553] = 19.328864;
        rDist[554] = 19.363817;
        rDist[555] = 19.398770;
        rDist[556] = 19.433722;
        rDist[557] = 19.468675;
        rDist[558] = 19.503628;
        rDist[559] = 19.538581;
        rDist[560] = 19.573533;
        rDist[561] = 19.608486;
        rDist[562] = 19.643439;
        rDist[563] = 19.678392;
        rDist[564] = 19.713344;
        rDist[565] = 19.748297;
        rDist[566] = 19.783250;
        rDist[567] = 19.818203;
        rDist[568] = 19.853155;
        rDist[569] = 19.888108;
        rDist[570] = 19.923061;
        rDist[571] = 19.958014;
        rDist[572] = 19.992966;
        rDist[573] = 20.027919;
        rDist[574] = 20.062872;
        rDist[575] = 20.097824;
        rDist[576] = 20.132777;
        rDist[577] = 20.167730;
        rDist[578] = 20.202683;
        rDist[579] = 20.237635;
        rDist[580] = 20.272588;
        rDist[581] = 20.307541;
        rDist[582] = 20.342494;
        rDist[583] = 20.377446;
        rDist[584] = 20.412399;
        rDist[585] = 20.447352;
        rDist[586] = 20.482305;
        rDist[587] = 20.517257;
        rDist[588] = 20.552210;
        rDist[589] = 20.587163;
        rDist[590] = 20.622116;
        rDist[591] = 20.657068;
        rDist[592] = 20.692021;
        rDist[593] = 20.726974;
        rDist[594] = 20.761926;
        rDist[595] = 20.796879;
        rDist[596] = 20.831832;
        rDist[597] = 20.866785;
        rDist[598] = 20.901737;
        rDist[599] = 20.936690;
        rDist[600] = 20.971643;
        rDist[601] = 21.006596;
        rDist[602] = 21.041548;
        rDist[603] = 21.076501;
        rDist[604] = 21.111454;
        rDist[605] = 21.146407;
        rDist[606] = 21.181359;
        rDist[607] = 21.216312;
        rDist[608] = 21.251265;
        rDist[609] = 21.286218;
        rDist[610] = 21.321170;
        rDist[611] = 21.356123;
        rDist[612] = 21.391076;
        rDist[613] = 21.426029;
        rDist[614] = 21.460981;
        rDist[615] = 21.495934;
        rDist[616] = 21.530887;
        rDist[617] = 21.565839;
        rDist[618] = 21.600792;
        rDist[619] = 21.635745;
        rDist[620] = 21.670698;
        rDist[621] = 21.705650;
        rDist[622] = 21.740603;
        rDist[623] = 21.775556;
        rDist[624] = 21.810509;
        rDist[625] = 21.845461;
        rDist[626] = 21.880414;
        rDist[627] = 21.915367;
        rDist[628] = 21.950320;
        rDist[629] = 21.985272;
        rDist[630] = 22.020225;
        rDist[631] = 22.055178;
        rDist[632] = 22.090131;
        rDist[633] = 22.125083;
        rDist[634] = 22.160036;
        rDist[635] = 22.194989;
        rDist[636] = 22.229942;
        rDist[637] = 22.264894;
        rDist[638] = 22.299847;
        rDist[639] = 22.334800;
        rDist[640] = 22.369752;
        rDist[641] = 22.404705;
        rDist[642] = 22.439658;
        rDist[643] = 22.474611;
        rDist[644] = 22.509563;
        rDist[645] = 22.544516;
        rDist[646] = 22.579469;
        rDist[647] = 22.614422;
        rDist[648] = 22.649374;
        rDist[649] = 22.684327;
        rDist[650] = 22.719280;
        rDist[651] = 22.754233;
        rDist[652] = 22.789185;
        rDist[653] = 22.824138;
        rDist[654] = 22.859091;
        rDist[655] = 22.894044;
        rDist[656] = 22.928996;
        rDist[657] = 22.963949;
        rDist[658] = 22.998902;
        rDist[659] = 23.033854;
        rDist[660] = 23.068807;
        rDist[661] = 23.103760;
        rDist[662] = 23.138713;
        rDist[663] = 23.173665;
        rDist[664] = 23.208618;
        rDist[665] = 23.243571;
        rDist[666] = 23.278524;
        rDist[667] = 23.313476;
        rDist[668] = 23.348429;
        rDist[669] = 23.383382;
        rDist[670] = 23.418335;
        rDist[671] = 23.453287;
        rDist[672] = 23.488240;
        rDist[673] = 23.523193;
        rDist[674] = 23.558146;
        rDist[675] = 23.593098;
        rDist[676] = 23.628051;
        rDist[677] = 23.663004;
        rDist[678] = 23.697957;
        rDist[679] = 23.732909;
        rDist[680] = 23.767862;
        rDist[681] = 23.802815;
        rDist[682] = 23.837767;
        rDist[683] = 23.872720;
        rDist[684] = 23.907673;
        rDist[685] = 23.942626;
        rDist[686] = 23.977578;
        rDist[687] = 24.012531;
        rDist[688] = 24.047484;
        rDist[689] = 24.082437;
        rDist[690] = 24.117389;
        rDist[691] = 24.152342;
        rDist[692] = 24.187295;
        rDist[693] = 24.222248;
        rDist[694] = 24.257200;
        rDist[695] = 24.292153;
        rDist[696] = 24.327106;
        rDist[697] = 24.362059;
        rDist[698] = 24.397011;
        rDist[699] = 24.431964;
        rDist[700] = 24.466917;
        rDist[701] = 24.501869;
        rDist[702] = 24.536822;
        rDist[703] = 24.571775;
        rDist[704] = 24.606728;
        rDist[705] = 24.641680;
        rDist[706] = 24.676633;
        rDist[707] = 24.711586;
        rDist[708] = 24.746539;
        rDist[709] = 24.781491;
        rDist[710] = 24.816444;
        rDist[711] = 24.851397;
        rDist[712] = 24.886350;
        rDist[713] = 24.921302;
        rDist[714] = 24.956255;
        rDist[715] = 24.991208;
        rDist[716] = 25.026161;
        rDist[717] = 25.061113;
        rDist[718] = 25.096066;
        rDist[719] = 25.131019;
        rDist[720] = 25.165972;
        rDist[721] = 25.200924;
        rDist[722] = 25.235877;
        rDist[723] = 25.270830;
        rDist[724] = 25.305782;
        rDist[725] = 25.340735;
        rDist[726] = 25.375688;
        rDist[727] = 25.410641;
        rDist[728] = 25.445593;
        rDist[729] = 25.480546;
        rDist[730] = 25.515499;
        rDist[731] = 25.550452;
        rDist[732] = 25.585404;
        rDist[733] = 25.620357;
        rDist[734] = 25.655310;
        rDist[735] = 25.690263;
        rDist[736] = 25.725215;
        rDist[737] = 25.760168;
        rDist[738] = 25.795121;
        rDist[739] = 25.830074;
        rDist[740] = 25.865026;
        rDist[741] = 25.899979;
        rDist[742] = 25.934932;
        rDist[743] = 25.969884;
        rDist[744] = 26.004837;
        rDist[745] = 26.039790;
        rDist[746] = 26.074743;
        rDist[747] = 26.109695;
        rDist[748] = 26.144648;
        rDist[749] = 26.179601;
        rDist[750] = 26.214554;
        rDist[751] = 26.249506;
        rDist[752] = 26.284459;
        rDist[753] = 26.319412;
        rDist[754] = 26.354365;
        rDist[755] = 26.389317;
        rDist[756] = 26.424270;
        rDist[757] = 26.459223;
        rDist[758] = 26.494176;
        rDist[759] = 26.529128;
        rDist[760] = 26.564081;
        rDist[761] = 26.599034;
        rDist[762] = 26.633987;
        rDist[763] = 26.668939;
        rDist[764] = 26.703892;
        rDist[765] = 26.738845;
        rDist[766] = 26.773797;
        rDist[767] = 26.808750;
        rDist[768] = 26.843703;
        rDist[769] = 26.878656;
        rDist[770] = 26.913608;
        rDist[771] = 26.948561;
        rDist[772] = 26.983514;
        rDist[773] = 27.018467;
        rDist[774] = 27.053419;
        rDist[775] = 27.088372;
        rDist[776] = 27.123325;
        rDist[777] = 27.158278;
        rDist[778] = 27.193230;
        rDist[779] = 27.228183;
        rDist[780] = 27.263136;
        rDist[781] = 27.298089;
        rDist[782] = 27.333041;
        rDist[783] = 27.367994;
        rDist[784] = 27.402947;
        rDist[785] = 27.437899;
        rDist[786] = 27.472852;
        rDist[787] = 27.507805;
        rDist[788] = 27.542758;
        rDist[789] = 27.577710;
        rDist[790] = 27.612663;
        rDist[791] = 27.647616;
        rDist[792] = 27.682569;
        rDist[793] = 27.717521;
        rDist[794] = 27.752474;
        rDist[795] = 27.787427;
        rDist[796] = 27.822380;
        rDist[797] = 27.857332;
        rDist[798] = 27.892285;
        rDist[799] = 27.927238;
        rDist[800] = 27.962191;
        rDist[801] = 27.997143;
        rDist[802] = 28.032096;
        rDist[803] = 28.067049;
        rDist[804] = 28.102002;
        rDist[805] = 28.136954;
        rDist[806] = 28.171907;
        rDist[807] = 28.206860;
        rDist[808] = 28.241812;
        rDist[809] = 28.276765;
        rDist[810] = 28.311718;
        rDist[811] = 28.346671;
        rDist[812] = 28.381623;
        rDist[813] = 28.416576;
        rDist[814] = 28.451529;
        rDist[815] = 28.486482;
        rDist[816] = 28.521434;
        rDist[817] = 28.556387;
        rDist[818] = 28.591340;
        rDist[819] = 28.626293;
        rDist[820] = 28.661245;
        rDist[821] = 28.696198;
        rDist[822] = 28.731151;
        rDist[823] = 28.766104;
        rDist[824] = 28.801056;
        rDist[825] = 28.836009;
        rDist[826] = 28.870962;
        rDist[827] = 28.905915;
        rDist[828] = 28.940867;
        rDist[829] = 28.975820;
        rDist[830] = 29.010773;
        rDist[831] = 29.045725;
        rDist[832] = 29.080678;
        rDist[833] = 29.115631;
        rDist[834] = 29.150584;
        rDist[835] = 29.185536;
        rDist[836] = 29.220489;
        rDist[837] = 29.255442;
        rDist[838] = 29.290395;
        rDist[839] = 29.325347;
        rDist[840] = 29.360300;
        rDist[841] = 29.395253;
        rDist[842] = 29.430206;
        rDist[843] = 29.465158;
        rDist[844] = 29.500111;
        rDist[845] = 29.535064;
        rDist[846] = 29.570017;
        rDist[847] = 29.604969;
        rDist[848] = 29.639922;
        rDist[849] = 29.674875;
        rDist[850] = 29.709827;
        rDist[851] = 29.744780;
        rDist[852] = 29.779733;
        rDist[853] = 29.814686;
        rDist[854] = 29.849638;
        rDist[855] = 29.884591;
        rDist[856] = 29.919544;
        rDist[857] = 29.954497;
        rDist[858] = 29.989449;
        rDist[859] = 30.024402;
        rDist[860] = 30.059355;
        rDist[861] = 30.094308;
        rDist[862] = 30.129260;
        rDist[863] = 30.164213;
        rDist[864] = 30.199166;
        rDist[865] = 30.234119;
        rDist[866] = 30.269071;
        rDist[867] = 30.304024;
        rDist[868] = 30.338977;
        rDist[869] = 30.373930;
        rDist[870] = 30.408882;
        rDist[871] = 30.443835;
        rDist[872] = 30.478788;
        rDist[873] = 30.513740;
        rDist[874] = 30.548693;
        rDist[875] = 30.583646;
        rDist[876] = 30.618599;
        rDist[877] = 30.653551;
        rDist[878] = 30.688504;
        rDist[879] = 30.723457;
        rDist[880] = 30.758410;
        rDist[881] = 30.793362;
        rDist[882] = 30.828315;
        rDist[883] = 30.863268;
        rDist[884] = 30.898221;
        rDist[885] = 30.933173;
        rDist[886] = 30.968126;
        rDist[887] = 31.003079;
        rDist[888] = 31.038032;
        rDist[889] = 31.072984;
        rDist[890] = 31.107937;
        rDist[891] = 31.142890;
        rDist[892] = 31.177842;
        rDist[893] = 31.212795;
        rDist[894] = 31.247748;
        rDist[895] = 31.282701;
        rDist[896] = 31.317653;
        rDist[897] = 31.352606;
        rDist[898] = 31.387559;
        rDist[899] = 31.422512;
        rDist[900] = 31.457464;
        rDist[901] = 31.492417;
        rDist[902] = 31.527370;
        rDist[903] = 31.562323;
        rDist[904] = 31.597275;
        rDist[905] = 31.632228;
        rDist[906] = 31.667181;
        rDist[907] = 31.702134;
        rDist[908] = 31.737086;
        rDist[909] = 31.772039;
        rDist[910] = 31.806992;
        rDist[911] = 31.841945;
        rDist[912] = 31.876897;
        rDist[913] = 31.911850;
        rDist[914] = 31.946803;
        rDist[915] = 31.981755;
        rDist[916] = 32.016708;
        rDist[917] = 32.051661;
        rDist[918] = 32.086614;
        rDist[919] = 32.121566;
        rDist[920] = 32.156519;
        rDist[921] = 32.191472;
        rDist[922] = 32.226425;
        rDist[923] = 32.261377;
        rDist[924] = 32.296330;
        rDist[925] = 32.331283;
        rDist[926] = 32.366236;
        rDist[927] = 32.401188;
        rDist[928] = 32.436141;
        rDist[929] = 32.471094;
        rDist[930] = 32.506047;
        rDist[931] = 32.540999;
        rDist[932] = 32.575952;
        rDist[933] = 32.610905;
        rDist[934] = 32.645857;
        rDist[935] = 32.680810;
        rDist[936] = 32.715763;
        rDist[937] = 32.750716;
        rDist[938] = 32.785668;
        rDist[939] = 32.820621;
        rDist[940] = 32.855574;
        rDist[941] = 32.890527;
        rDist[942] = 32.925479;
        rDist[943] = 32.960432;
        rDist[944] = 32.995385;
        rDist[945] = 33.030338;
        rDist[946] = 33.065290;
        rDist[947] = 33.100243;
        rDist[948] = 33.135196;
        rDist[949] = 33.170149;
        rDist[950] = 33.205101;
        rDist[951] = 33.240054;
        rDist[952] = 33.275007;
        rDist[953] = 33.309960;
        rDist[954] = 33.344912;
        rDist[955] = 33.379865;
        rDist[956] = 33.414818;
        rDist[957] = 33.449770;
        rDist[958] = 33.484723;
        rDist[959] = 33.519676;
        rDist[960] = 33.554629;
        rDist[961] = 33.589581;
        rDist[962] = 33.624534;
        rDist[963] = 33.659487;
        rDist[964] = 33.694440;
        rDist[965] = 33.729392;
        rDist[966] = 33.764345;
        rDist[967] = 33.799298;
        rDist[968] = 33.834251;
        rDist[969] = 33.869203;
        rDist[970] = 33.904156;
        rDist[971] = 33.939109;
        rDist[972] = 33.974062;
        rDist[973] = 34.009014;
        rDist[974] = 34.043967;
        rDist[975] = 34.078920;
        rDist[976] = 34.113872;
        rDist[977] = 34.148825;
        rDist[978] = 34.183778;
        rDist[979] = 34.218731;
        rDist[980] = 34.253683;
        rDist[981] = 34.288636;
        rDist[982] = 34.323589;
        rDist[983] = 34.358542;
        rDist[984] = 34.393494;
        rDist[985] = 34.428447;
        rDist[986] = 34.463400;
        rDist[987] = 34.498353;
        rDist[988] = 34.533305;
        rDist[989] = 34.568258;
        rDist[990] = 34.603211;
        rDist[991] = 34.638164;
        rDist[992] = 34.673116;
        rDist[993] = 34.708069;
        rDist[994] = 34.743022;
        rDist[995] = 34.777975;
        rDist[996] = 34.812927;
        rDist[997] = 34.847880;
        rDist[998] = 34.882833;
        rDist[999] = 34.917785;
        rDist[1000] = 34.952738;
        rDist[1001] = 34.987691;
        rDist[1002] = 35.022644;
        rDist[1003] = 35.057596;
        rDist[1004] = 35.092549;
        rDist[1005] = 35.127502;
        rDist[1006] = 35.162455;
        rDist[1007] = 35.197407;
        rDist[1008] = 35.232360;
        rDist[1009] = 35.267313;
        rDist[1010] = 35.302266;
        rDist[1011] = 35.337218;
        rDist[1012] = 35.372171;
        rDist[1013] = 35.407124;
        rDist[1014] = 35.442077;
        rDist[1015] = 35.477029;
        rDist[1016] = 35.511982;
        rDist[1017] = 35.546935;
        rDist[1018] = 35.581887;
        rDist[1019] = 35.616840;
        rDist[1020] = 35.651793;
        rDist[1021] = 35.686746;
        rDist[1022] = 35.721698;
        rDist[1023] = 35.756651;
        rDist[1024] = 35.791604;
        rDist[1025] = 35.826557;
        rDist[1026] = 35.861509;
        rDist[1027] = 35.896462;
        rDist[1028] = 35.931415;
        rDist[1029] = 35.966368;
        rDist[1030] = 36.001320;
        rDist[1031] = 36.036273;
        rDist[1032] = 36.071226;
        rDist[1033] = 36.106179;
        rDist[1034] = 36.141131;
        rDist[1035] = 36.176084;
        rDist[1036] = 36.211037;
        rDist[1037] = 36.245990;
        rDist[1038] = 36.280942;
        rDist[1039] = 36.315895;
        rDist[1040] = 36.350848;
        rDist[1041] = 36.385800;
        rDist[1042] = 36.420753;
        rDist[1043] = 36.455706;
        rDist[1044] = 36.490659;
        rDist[1045] = 36.525611;
        rDist[1046] = 36.560564;
        rDist[1047] = 36.595517;
        rDist[1048] = 36.630470;
        rDist[1049] = 36.665422;
        rDist[1050] = 36.700375;
        rDist[1051] = 36.735328;
        rDist[1052] = 36.770281;
        rDist[1053] = 36.805233;
        rDist[1054] = 36.840186;
        rDist[1055] = 36.875139;
        rDist[1056] = 36.910092;
        rDist[1057] = 36.945044;
        rDist[1058] = 36.979997;
        rDist[1059] = 37.014950;
        rDist[1060] = 37.049903;
        rDist[1061] = 37.084855;
        rDist[1062] = 37.119808;
        rDist[1063] = 37.154761;
        rDist[1064] = 37.189713;
        rDist[1065] = 37.224666;
        rDist[1066] = 37.259619;
        rDist[1067] = 37.294572;
        rDist[1068] = 37.329524;
        rDist[1069] = 37.364477;
        rDist[1070] = 37.399430;
        rDist[1071] = 37.434383;
        rDist[1072] = 37.469335;
        rDist[1073] = 37.504288;
        rDist[1074] = 37.539241;
        rDist[1075] = 37.574194;
        rDist[1076] = 37.609146;
        rDist[1077] = 37.644099;
        rDist[1078] = 37.679052;
        rDist[1079] = 37.714005;
        rDist[1080] = 37.748957;
        rDist[1081] = 37.783910;
        rDist[1082] = 37.818863;
        rDist[1083] = 37.853815;
        rDist[1084] = 37.888768;
        rDist[1085] = 37.923721;
        rDist[1086] = 37.958674;
        rDist[1087] = 37.993626;
        rDist[1088] = 38.028579;
        rDist[1089] = 38.063532;
        rDist[1090] = 38.098485;
        rDist[1091] = 38.133437;
        rDist[1092] = 38.168390;
        rDist[1093] = 38.203343;
        rDist[1094] = 38.238296;
        rDist[1095] = 38.273248;
        rDist[1096] = 38.308201;
        rDist[1097] = 38.343154;
        rDist[1098] = 38.378107;
        rDist[1099] = 38.413059;
        rDist[1100] = 38.448012;
        rDist[1101] = 38.482965;
        rDist[1102] = 38.517918;
        rDist[1103] = 38.552870;
        rDist[1104] = 38.587823;
        rDist[1105] = 38.622776;
        rDist[1106] = 38.657728;
        rDist[1107] = 38.692681;
        rDist[1108] = 38.727634;
        rDist[1109] = 38.762587;
        rDist[1110] = 38.797539;
        rDist[1111] = 38.832492;
        rDist[1112] = 38.867445;
        rDist[1113] = 38.902398;
        rDist[1114] = 38.937350;
        rDist[1115] = 38.972303;
        rDist[1116] = 39.007256;
        rDist[1117] = 39.042209;
        rDist[1118] = 39.077161;
        rDist[1119] = 39.112114;
        rDist[1120] = 39.147067;
        rDist[1121] = 39.182020;
        rDist[1122] = 39.216972;
        rDist[1123] = 39.251925;
        rDist[1124] = 39.286878;
        rDist[1125] = 39.321830;
        rDist[1126] = 39.356783;
        rDist[1127] = 39.391736;
        rDist[1128] = 39.426689;
        rDist[1129] = 39.461641;
        rDist[1130] = 39.496594;
        rDist[1131] = 39.531547;
        rDist[1132] = 39.566500;
        rDist[1133] = 39.601452;
        rDist[1134] = 39.636405;
        rDist[1135] = 39.671358;
        rDist[1136] = 39.706311;
        rDist[1137] = 39.741263;
        rDist[1138] = 39.776216;
        rDist[1139] = 39.811169;
        rDist[1140] = 39.846122;
        rDist[1141] = 39.881074;
        rDist[1142] = 39.916027;
        rDist[1143] = 39.950980;
        rDist[1144] = 39.985933;
        rDist[1145] = 40.020885;
        rDist[1146] = 40.055838;
        rDist[1147] = 40.090791;
        rDist[1148] = 40.125743;
        rDist[1149] = 40.160696;
        rDist[1150] = 40.195649;
        rDist[1151] = 40.230602;
        rDist[1152] = 40.265554;
        rDist[1153] = 40.300507;
        rDist[1154] = 40.335460;
        rDist[1155] = 40.370413;
        rDist[1156] = 40.405365;
        rDist[1157] = 40.440318;
        rDist[1158] = 40.475271;
        rDist[1159] = 40.510224;
        rDist[1160] = 40.545176;
        rDist[1161] = 40.580129;
        rDist[1162] = 40.615082;
        rDist[1163] = 40.650035;
        rDist[1164] = 40.684987;
        rDist[1165] = 40.719940;
        rDist[1166] = 40.754893;
        rDist[1167] = 40.789845;
        rDist[1168] = 40.824798;
        rDist[1169] = 40.859751;
        rDist[1170] = 40.894704;
        rDist[1171] = 40.929656;
        rDist[1172] = 40.964609;
        rDist[1173] = 40.999562;
        rDist[1174] = 41.034515;
        rDist[1175] = 41.069467;
        rDist[1176] = 41.104420;
        rDist[1177] = 41.139373;
        rDist[1178] = 41.174326;
        rDist[1179] = 41.209278;
        rDist[1180] = 41.244231;
        rDist[1181] = 41.279184;
        rDist[1182] = 41.314137;
        rDist[1183] = 41.349089;
        rDist[1184] = 41.384042;
        rDist[1185] = 41.418995;
        rDist[1186] = 41.453948;
        rDist[1187] = 41.488900;
        rDist[1188] = 41.523853;
        rDist[1189] = 41.558806;
        rDist[1190] = 41.593758;
        rDist[1191] = 41.628711;
        rDist[1192] = 41.663664;
        rDist[1193] = 41.698617;
        rDist[1194] = 41.733569;
        rDist[1195] = 41.768522;
        rDist[1196] = 41.803475;
        rDist[1197] = 41.838428;
        rDist[1198] = 41.873380;
        rDist[1199] = 41.908333;
        rDist[1200] = 41.943286;
        rDist[1201] = 41.978239;
        rDist[1202] = 42.013191;
        rDist[1203] = 42.048144;
        rDist[1204] = 42.083097;
        rDist[1205] = 42.118050;
        rDist[1206] = 42.153002;
        rDist[1207] = 42.187955;
        rDist[1208] = 42.222908;
        rDist[1209] = 42.257860;
        rDist[1210] = 42.292813;
        rDist[1211] = 42.327766;
        rDist[1212] = 42.362719;
        rDist[1213] = 42.397671;
        rDist[1214] = 42.432624;
        rDist[1215] = 42.467577;
        rDist[1216] = 42.502530;
        rDist[1217] = 42.537482;
        rDist[1218] = 42.572435;
        rDist[1219] = 42.607388;
        rDist[1220] = 42.642341;
        rDist[1221] = 42.677293;
        rDist[1222] = 42.712246;
        rDist[1223] = 42.747199;
        rDist[1224] = 42.782152;
        rDist[1225] = 42.817104;
        rDist[1226] = 42.852057;
        rDist[1227] = 42.887010;
        rDist[1228] = 42.921963;
        rDist[1229] = 42.956915;
        rDist[1230] = 42.991868;
        rDist[1231] = 43.026821;
        rDist[1232] = 43.061773;
        rDist[1233] = 43.096726;
        rDist[1234] = 43.131679;
        rDist[1235] = 43.166632;
        rDist[1236] = 43.201584;
        rDist[1237] = 43.236537;
        rDist[1238] = 43.271490;
        rDist[1239] = 43.306443;
        rDist[1240] = 43.341395;
        rDist[1241] = 43.376348;
        rDist[1242] = 43.411301;
        rDist[1243] = 43.446254;
        rDist[1244] = 43.481206;
        rDist[1245] = 43.516159;
        rDist[1246] = 43.551112;
        rDist[1247] = 43.586065;
        rDist[1248] = 43.621017;
        rDist[1249] = 43.655970;
        rDist[1250] = 43.690923;
        rDist[1251] = 43.725876;
        rDist[1252] = 43.760828;
        rDist[1253] = 43.795781;
        rDist[1254] = 43.830734;
        rDist[1255] = 43.865686;
        rDist[1256] = 43.900639;
        rDist[1257] = 43.935592;
        rDist[1258] = 43.970545;
        rDist[1259] = 44.005497;
        rDist[1260] = 44.040450;
        rDist[1261] = 44.075403;
        rDist[1262] = 44.110356;
        rDist[1263] = 44.145308;
        rDist[1264] = 44.180261;
        rDist[1265] = 44.215214;
        rDist[1266] = 44.250167;
        rDist[1267] = 44.285119;
        rDist[1268] = 44.320072;
        rDist[1269] = 44.355025;
        rDist[1270] = 44.389978;
        rDist[1271] = 44.424930;
        rDist[1272] = 44.459883;
        rDist[1273] = 44.494836;
        rDist[1274] = 44.529788;
        rDist[1275] = 44.564741;
        rDist[1276] = 44.599694;
        rDist[1277] = 44.634647;
        rDist[1278] = 44.669599;
        rDist[1279] = 44.704552;
        rDist[1280] = 44.739505;
        rDist[1281] = 44.774458;
        rDist[1282] = 44.809410;
        rDist[1283] = 44.844363;
        rDist[1284] = 44.879316;
        rDist[1285] = 44.914269;
        rDist[1286] = 44.949221;
        rDist[1287] = 44.984174;
        rDist[1288] = 45.019127;
        rDist[1289] = 45.054080;
        rDist[1290] = 45.089032;
        rDist[1291] = 45.123985;
        rDist[1292] = 45.158938;
        rDist[1293] = 45.193891;
        rDist[1294] = 45.228843;
        rDist[1295] = 45.263796;
        rDist[1296] = 45.298749;
        rDist[1297] = 45.333701;
        rDist[1298] = 45.368654;
        rDist[1299] = 45.403607;
        rDist[1300] = 45.438560;
        rDist[1301] = 45.473512;
        rDist[1302] = 45.508465;
        rDist[1303] = 45.543418;
        rDist[1304] = 45.578371;
        rDist[1305] = 45.613323;
        rDist[1306] = 45.648276;
        rDist[1307] = 45.683229;
        rDist[1308] = 45.718182;
        rDist[1309] = 45.753134;
        rDist[1310] = 45.788087;
        rDist[1311] = 45.823040;
        rDist[1312] = 45.857993;
        rDist[1313] = 45.892945;
        rDist[1314] = 45.927898;
        rDist[1315] = 45.962851;
        rDist[1316] = 45.997803;
        rDist[1317] = 46.032756;
        rDist[1318] = 46.067709;
        rDist[1319] = 46.102662;
        rDist[1320] = 46.137614;
        rDist[1321] = 46.172567;
        rDist[1322] = 46.207520;
        rDist[1323] = 46.242473;
        rDist[1324] = 46.277425;
        rDist[1325] = 46.312378;
        rDist[1326] = 46.347331;
        rDist[1327] = 46.382284;
        rDist[1328] = 46.417236;
        rDist[1329] = 46.452189;
        rDist[1330] = 46.487142;
        rDist[1331] = 46.522095;
        rDist[1332] = 46.557047;
        rDist[1333] = 46.592000;
        rDist[1334] = 46.626953;
        rDist[1335] = 46.661906;
        rDist[1336] = 46.696858;
        rDist[1337] = 46.731811;
        rDist[1338] = 46.766764;
        rDist[1339] = 46.801716;
        rDist[1340] = 46.836669;
        rDist[1341] = 46.871622;
        rDist[1342] = 46.906575;
        rDist[1343] = 46.941527;
        rDist[1344] = 46.976480;
        rDist[1345] = 47.011433;
        rDist[1346] = 47.046386;
        rDist[1347] = 47.081338;
        rDist[1348] = 47.116291;
        rDist[1349] = 47.151244;
        rDist[1350] = 47.186197;
        rDist[1351] = 47.221149;
        rDist[1352] = 47.256102;
        rDist[1353] = 47.291055;
        rDist[1354] = 47.326008;
        rDist[1355] = 47.360960;
        rDist[1356] = 47.395913;
        rDist[1357] = 47.430866;
        rDist[1358] = 47.465818;
        rDist[1359] = 47.500771;
        rDist[1360] = 47.535724;
        rDist[1361] = 47.570677;
        rDist[1362] = 47.605629;
        rDist[1363] = 47.640582;
        rDist[1364] = 47.675535;
        rDist[1365] = 47.710488;
        rDist[1366] = 47.745440;
        rDist[1367] = 47.780393;
        rDist[1368] = 47.815346;
        rDist[1369] = 47.850299;
        rDist[1370] = 47.885251;
        rDist[1371] = 47.920204;
        rDist[1372] = 47.955157;
        rDist[1373] = 47.990110;
        rDist[1374] = 48.025062;
        rDist[1375] = 48.060015;
        rDist[1376] = 48.094968;
        rDist[1377] = 48.129921;
        rDist[1378] = 48.164873;
        rDist[1379] = 48.199826;
        rDist[1380] = 48.234779;
        rDist[1381] = 48.269731;
        rDist[1382] = 48.304684;
        rDist[1383] = 48.339637;
        rDist[1384] = 48.374590;
        rDist[1385] = 48.409542;
        rDist[1386] = 48.444495;
        rDist[1387] = 48.479448;
        rDist[1388] = 48.514401;
        rDist[1389] = 48.549353;
        rDist[1390] = 48.584306;
        rDist[1391] = 48.619259;
        rDist[1392] = 48.654212;
        rDist[1393] = 48.689164;
        rDist[1394] = 48.724117;
        rDist[1395] = 48.759070;
        rDist[1396] = 48.794023;
        rDist[1397] = 48.828975;
        rDist[1398] = 48.863928;
        rDist[1399] = 48.898881;
        rDist[1400] = 48.933833;
        rDist[1401] = 48.968786;
        rDist[1402] = 49.003739;
        rDist[1403] = 49.038692;
        rDist[1404] = 49.073644;
        rDist[1405] = 49.108597;
        rDist[1406] = 49.143550;
        rDist[1407] = 49.178503;
        rDist[1408] = 49.213455;
        rDist[1409] = 49.248408;
        rDist[1410] = 49.283361;
        rDist[1411] = 49.318314;
        rDist[1412] = 49.353266;
        rDist[1413] = 49.388219;
        rDist[1414] = 49.423172;
        rDist[1415] = 49.458125;
        rDist[1416] = 49.493077;
        rDist[1417] = 49.528030;
        rDist[1418] = 49.562983;
        rDist[1419] = 49.597936;
        rDist[1420] = 49.632888;
        rDist[1421] = 49.667841;
        rDist[1422] = 49.702794;
        rDist[1423] = 49.737746;
        rDist[1424] = 49.772699;
        rDist[1425] = 49.807652;
        rDist[1426] = 49.842605;
        rDist[1427] = 49.877557;
        rDist[1428] = 49.912510;
        rDist[1429] = 49.947463;
        rDist[1430] = 49.982416;
        rDist[1431] = 50.017368;
        rDist[1432] = 50.052321;
        rDist[1433] = 50.087274;
        rDist[1434] = 50.122227;
        rDist[1435] = 50.157179;
        rDist[1436] = 50.192132;
        rDist[1437] = 50.227085;
        rDist[1438] = 50.262038;
        rDist[1439] = 50.296990;
        rDist[1440] = 50.331943;
        rDist[1441] = 50.366896;
        rDist[1442] = 50.401849;
        rDist[1443] = 50.436801;
        rDist[1444] = 50.471754;
        rDist[1445] = 50.506707;
        rDist[1446] = 50.541659;
        rDist[1447] = 50.576612;
        rDist[1448] = 50.611565;
        rDist[1449] = 50.646518;
        rDist[1450] = 50.681470;
        rDist[1451] = 50.716423;
        rDist[1452] = 50.751376;
        rDist[1453] = 50.786329;
        rDist[1454] = 50.821281;
        rDist[1455] = 50.856234;
        rDist[1456] = 50.891187;
        rDist[1457] = 50.926140;
        rDist[1458] = 50.961092;
        rDist[1459] = 50.996045;
        rDist[1460] = 51.030998;
        rDist[1461] = 51.065951;
        rDist[1462] = 51.100903;
        rDist[1463] = 51.135856;
        rDist[1464] = 51.170809;
        rDist[1465] = 51.205761;
        rDist[1466] = 51.240714;
        rDist[1467] = 51.275667;
        rDist[1468] = 51.310620;
        rDist[1469] = 51.345572;
        rDist[1470] = 51.380525;
        rDist[1471] = 51.415478;
        rDist[1472] = 51.450431;
        rDist[1473] = 51.485383;
        rDist[1474] = 51.520336;
        rDist[1475] = 51.555289;
        rDist[1476] = 51.590242;
        rDist[1477] = 51.625194;
        rDist[1478] = 51.660147;
        rDist[1479] = 51.695100;
        rDist[1480] = 51.730053;
        rDist[1481] = 51.765005;
        rDist[1482] = 51.799958;
        rDist[1483] = 51.834911;
        rDist[1484] = 51.869864;
        rDist[1485] = 51.904816;
        rDist[1486] = 51.939769;
        rDist[1487] = 51.974722;
        rDist[1488] = 52.009674;
        rDist[1489] = 52.044627;
        rDist[1490] = 52.079580;
        rDist[1491] = 52.114533;
        rDist[1492] = 52.149485;
        rDist[1493] = 52.184438;
        rDist[1494] = 52.219391;
        rDist[1495] = 52.254344;
        rDist[1496] = 52.289296;
        rDist[1497] = 52.324249;
        rDist[1498] = 52.359202;
        rDist[1499] = 52.394155;
        rDist[1500] = 52.429107;
        rDist[1501] = 52.464060;
        rDist[1502] = 52.499013;
        rDist[1503] = 52.533966;
        rDist[1504] = 52.568918;
        rDist[1505] = 52.603871;
        rDist[1506] = 52.638824;
        rDist[1507] = 52.673776;
        rDist[1508] = 52.708729;
        rDist[1509] = 52.743682;
        rDist[1510] = 52.778635;
        rDist[1511] = 52.813587;
        rDist[1512] = 52.848540;
        rDist[1513] = 52.883493;
        rDist[1514] = 52.918446;
        rDist[1515] = 52.953398;
        rDist[1516] = 52.988351;
        rDist[1517] = 53.023304;
        rDist[1518] = 53.058257;
        rDist[1519] = 53.093209;
        rDist[1520] = 53.128162;
        rDist[1521] = 53.163115;
        rDist[1522] = 53.198068;
        rDist[1523] = 53.233020;
        rDist[1524] = 53.267973;
        rDist[1525] = 53.302926;
        rDist[1526] = 53.337879;
        rDist[1527] = 53.372831;
        rDist[1528] = 53.407784;
        rDist[1529] = 53.442737;
        rDist[1530] = 53.477689;
        rDist[1531] = 53.512642;
        rDist[1532] = 53.547595;
        rDist[1533] = 53.582548;
        rDist[1534] = 53.617500;
        rDist[1535] = 53.652453;
        rDist[1536] = 53.687406;
        rDist[1537] = 53.722359;
        rDist[1538] = 53.757311;
        rDist[1539] = 53.792264;
        rDist[1540] = 53.827217;
        rDist[1541] = 53.862170;
        rDist[1542] = 53.897122;
        rDist[1543] = 53.932075;
        rDist[1544] = 53.967028;
        rDist[1545] = 54.001981;
        rDist[1546] = 54.036933;
        rDist[1547] = 54.071886;
        rDist[1548] = 54.106839;
        rDist[1549] = 54.141791;
        rDist[1550] = 54.176744;
        rDist[1551] = 54.211697;
        rDist[1552] = 54.246650;
        rDist[1553] = 54.281602;
        rDist[1554] = 54.316555;
        rDist[1555] = 54.351508;
        rDist[1556] = 54.386461;
        rDist[1557] = 54.421413;
        rDist[1558] = 54.456366;
        rDist[1559] = 54.491319;
        rDist[1560] = 54.526272;
        rDist[1561] = 54.561224;
        rDist[1562] = 54.596177;
        rDist[1563] = 54.631130;
        rDist[1564] = 54.666083;
        rDist[1565] = 54.701035;
        rDist[1566] = 54.735988;
        rDist[1567] = 54.770941;
        rDist[1568] = 54.805894;
        rDist[1569] = 54.840846;
        rDist[1570] = 54.875799;
        rDist[1571] = 54.910752;
        rDist[1572] = 54.945704;
        rDist[1573] = 54.980657;
        rDist[1574] = 55.015610;
        rDist[1575] = 55.050563;
        rDist[1576] = 55.085515;
        rDist[1577] = 55.120468;
        rDist[1578] = 55.155421;
        rDist[1579] = 55.190374;
        rDist[1580] = 55.225326;
        rDist[1581] = 55.260279;
        rDist[1582] = 55.295232;
        rDist[1583] = 55.330185;
        rDist[1584] = 55.365137;
        rDist[1585] = 55.400090;
        rDist[1586] = 55.435043;
        rDist[1587] = 55.469996;
        rDist[1588] = 55.504948;
        rDist[1589] = 55.539901;
        rDist[1590] = 55.574854;
        rDist[1591] = 55.609806;
        rDist[1592] = 55.644759;
        rDist[1593] = 55.679712;
        rDist[1594] = 55.714665;
        rDist[1595] = 55.749617;
        rDist[1596] = 55.784570;
        rDist[1597] = 55.819523;
        rDist[1598] = 55.854476;
        rDist[1599] = 55.889428;
        rDist[1600] = 55.924381;
        rDist[1601] = 55.959334;
        rDist[1602] = 55.994287;
        rDist[1603] = 56.029239;
        rDist[1604] = 56.064192;
        rDist[1605] = 56.099145;
        rDist[1606] = 56.134098;
        rDist[1607] = 56.169050;
        rDist[1608] = 56.204003;
        rDist[1609] = 56.238956;
        rDist[1610] = 56.273909;
        rDist[1611] = 56.308861;
        rDist[1612] = 56.343814;
        rDist[1613] = 56.378767;
        rDist[1614] = 56.413719;
        rDist[1615] = 56.448672;
        rDist[1616] = 56.483625;
        rDist[1617] = 56.518578;
        rDist[1618] = 56.553530;
        rDist[1619] = 56.588483;
        rDist[1620] = 56.623436;
        rDist[1621] = 56.658389;
        rDist[1622] = 56.693341;
        rDist[1623] = 56.728294;
        rDist[1624] = 56.763247;
        rDist[1625] = 56.798200;
        rDist[1626] = 56.833152;
        rDist[1627] = 56.868105;
        rDist[1628] = 56.903058;
        rDist[1629] = 56.938011;
        rDist[1630] = 56.972963;
        rDist[1631] = 57.007916;
        rDist[1632] = 57.042869;
        rDist[1633] = 57.077821;
        rDist[1634] = 57.112774;
        rDist[1635] = 57.147727;
        rDist[1636] = 57.182680;
        rDist[1637] = 57.217632;
        rDist[1638] = 57.252585;
        rDist[1639] = 57.287538;
        rDist[1640] = 57.322491;
        rDist[1641] = 57.357443;
        rDist[1642] = 57.392396;
        rDist[1643] = 57.427349;
        rDist[1644] = 57.462302;
        rDist[1645] = 57.497254;
        rDist[1646] = 57.532207;
        rDist[1647] = 57.567160;
        rDist[1648] = 57.602113;
        rDist[1649] = 57.637065;
        rDist[1650] = 57.672018;
        rDist[1651] = 57.706971;
        rDist[1652] = 57.741924;
        rDist[1653] = 57.776876;
        rDist[1654] = 57.811829;
        rDist[1655] = 57.846782;
        rDist[1656] = 57.881734;
        rDist[1657] = 57.916687;
        rDist[1658] = 57.951640;
        rDist[1659] = 57.986593;
        rDist[1660] = 58.021545;
        rDist[1661] = 58.056498;
        rDist[1662] = 58.091451;
        rDist[1663] = 58.126404;
        rDist[1664] = 58.161356;
        rDist[1665] = 58.196309;
        rDist[1666] = 58.231262;
        rDist[1667] = 58.266215;
        rDist[1668] = 58.301167;
        rDist[1669] = 58.336120;
        rDist[1670] = 58.371073;
        rDist[1671] = 58.406026;
        rDist[1672] = 58.440978;
        rDist[1673] = 58.475931;
        rDist[1674] = 58.510884;
        rDist[1675] = 58.545837;
        rDist[1676] = 58.580789;
        rDist[1677] = 58.615742;
        rDist[1678] = 58.650695;
        rDist[1679] = 58.685647;
        rDist[1680] = 58.720600;
        rDist[1681] = 58.755553;
        rDist[1682] = 58.790506;
        rDist[1683] = 58.825458;
        rDist[1684] = 58.860411;
        rDist[1685] = 58.895364;
        rDist[1686] = 58.930317;
        rDist[1687] = 58.965269;
        rDist[1688] = 59.000222;
        rDist[1689] = 59.035175;
        rDist[1690] = 59.070128;
        rDist[1691] = 59.105080;
        rDist[1692] = 59.140033;
        rDist[1693] = 59.174986;
        rDist[1694] = 59.209939;
        rDist[1695] = 59.244891;
        rDist[1696] = 59.279844;
        rDist[1697] = 59.314797;
        rDist[1698] = 59.349749;
        rDist[1699] = 59.384702;
        rDist[1700] = 59.419655;
        rDist[1701] = 59.454608;
        rDist[1702] = 59.489560;
        rDist[1703] = 59.524513;
        rDist[1704] = 59.559466;
        rDist[1705] = 59.594419;
        rDist[1706] = 59.629371;
        rDist[1707] = 59.664324;
        rDist[1708] = 59.699277;
        rDist[1709] = 59.734230;
        rDist[1710] = 59.769182;
        rDist[1711] = 59.804135;
        rDist[1712] = 59.839088;
        rDist[1713] = 59.874041;
        rDist[1714] = 59.908993;
        rDist[1715] = 59.943946;
        rDist[1716] = 59.978899;
        rDist[1717] = 60.013852;
        rDist[1718] = 60.048804;
        rDist[1719] = 60.083757;
        rDist[1720] = 60.118710;
        rDist[1721] = 60.153662;
        rDist[1722] = 60.188615;
        rDist[1723] = 60.223568;
        rDist[1724] = 60.258521;
        rDist[1725] = 60.293473;
        rDist[1726] = 60.328426;
        rDist[1727] = 60.363379;
        rDist[1728] = 60.398332;
        rDist[1729] = 60.433284;
        rDist[1730] = 60.468237;
        rDist[1731] = 60.503190;
        rDist[1732] = 60.538143;
        rDist[1733] = 60.573095;
        rDist[1734] = 60.608048;
        rDist[1735] = 60.643001;
        rDist[1736] = 60.677954;
        rDist[1737] = 60.712906;
        rDist[1738] = 60.747859;
        rDist[1739] = 60.782812;
        rDist[1740] = 60.817764;
        rDist[1741] = 60.852717;
        rDist[1742] = 60.887670;
        rDist[1743] = 60.922623;
        rDist[1744] = 60.957575;
        rDist[1745] = 60.992528;
        rDist[1746] = 61.027481;
        rDist[1747] = 61.062434;
        rDist[1748] = 61.097386;
        rDist[1749] = 61.132339;
        rDist[1750] = 61.167292;
        rDist[1751] = 61.202245;
        rDist[1752] = 61.237197;
        rDist[1753] = 61.272150;
        rDist[1754] = 61.307103;
        rDist[1755] = 61.342056;
        rDist[1756] = 61.377008;
        rDist[1757] = 61.411961;
        rDist[1758] = 61.446914;
        rDist[1759] = 61.481867;
        rDist[1760] = 61.516819;
        rDist[1761] = 61.551772;
        rDist[1762] = 61.586725;
        rDist[1763] = 61.621677;
        rDist[1764] = 61.656630;
        rDist[1765] = 61.691583;
        rDist[1766] = 61.726536;
        rDist[1767] = 61.761488;
        rDist[1768] = 61.796441;
        rDist[1769] = 61.831394;
        rDist[1770] = 61.866347;
        rDist[1771] = 61.901299;
        rDist[1772] = 61.936252;
        rDist[1773] = 61.971205;
        rDist[1774] = 62.006158;
        rDist[1775] = 62.041110;
        rDist[1776] = 62.076063;
        rDist[1777] = 62.111016;
        rDist[1778] = 62.145969;
        rDist[1779] = 62.180921;
        rDist[1780] = 62.215874;
        rDist[1781] = 62.250827;
        rDist[1782] = 62.285779;
        rDist[1783] = 62.320732;
        rDist[1784] = 62.355685;
        rDist[1785] = 62.390638;
        rDist[1786] = 62.425590;
        rDist[1787] = 62.460543;
        rDist[1788] = 62.495496;
        rDist[1789] = 62.530449;
        rDist[1790] = 62.565401;
        rDist[1791] = 62.600354;
        rDist[1792] = 62.635307;
        rDist[1793] = 62.670260;
        rDist[1794] = 62.705212;
        rDist[1795] = 62.740165;
        rDist[1796] = 62.775118;
        rDist[1797] = 62.810071;
        rDist[1798] = 62.845023;
        rDist[1799] = 62.879976;
        rDist[1800] = 62.914929;
        rDist[1801] = 62.949882;
        rDist[1802] = 62.984834;
        rDist[1803] = 63.019787;
        rDist[1804] = 63.054740;
        rDist[1805] = 63.089692;
        rDist[1806] = 63.124645;
        rDist[1807] = 63.159598;
        rDist[1808] = 63.194551;
        rDist[1809] = 63.229503;
        rDist[1810] = 63.264456;
        rDist[1811] = 63.299409;
        rDist[1812] = 63.334362;
        rDist[1813] = 63.369314;
        rDist[1814] = 63.404267;
        rDist[1815] = 63.439220;
        rDist[1816] = 63.474173;
        rDist[1817] = 63.509125;
        rDist[1818] = 63.544078;
        rDist[1819] = 63.579031;
        rDist[1820] = 63.613984;
        rDist[1821] = 63.648936;
        rDist[1822] = 63.683889;
        rDist[1823] = 63.718842;
        rDist[1824] = 63.753794;
        rDist[1825] = 63.788747;
        rDist[1826] = 63.823700;
        rDist[1827] = 63.858653;
        rDist[1828] = 63.893605;
        rDist[1829] = 63.928558;
        rDist[1830] = 63.963511;
        rDist[1831] = 63.998464;
        rDist[1832] = 64.033416;
        rDist[1833] = 64.068369;
        rDist[1834] = 64.103322;
        rDist[1835] = 64.138275;
        rDist[1836] = 64.173227;
        rDist[1837] = 64.208180;
        rDist[1838] = 64.243133;
        rDist[1839] = 64.278086;
        rDist[1840] = 64.313038;
        rDist[1841] = 64.347991;
        rDist[1842] = 64.382944;
        rDist[1843] = 64.417897;
        rDist[1844] = 64.452849;
        rDist[1845] = 64.487802;
        rDist[1846] = 64.522755;
        rDist[1847] = 64.557707;
        rDist[1848] = 64.592660;
        rDist[1849] = 64.627613;
        rDist[1850] = 64.662566;
        rDist[1851] = 64.697518;
        rDist[1852] = 64.732471;
        rDist[1853] = 64.767424;
        rDist[1854] = 64.802377;
        rDist[1855] = 64.837329;
        rDist[1856] = 64.872282;
        rDist[1857] = 64.907235;
        rDist[1858] = 64.942188;
        rDist[1859] = 64.977140;
        rDist[1860] = 65.012093;
        rDist[1861] = 65.047046;
        rDist[1862] = 65.081999;
        rDist[1863] = 65.116951;
        rDist[1864] = 65.151904;
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        iZone[1874] = 2;
        iZone[1875] = 2;
        iZone[1876] = 2;
        iZone[1877] = 2;
        iZone[1878] = 2;
        iZone[1879] = 2;
        iZone[1880] = 2;
        iZone[1881] = 2;
        iZone[1882] = 2;
        iZone[1883] = 2;
        iZone[1884] = 2;
        iZone[1885] = 2;
        iZone[1886] = 2;
        iZone[1887] = 2;
        iZone[1888] = 2;
        iZone[1889] = 2;
        iZone[1890] = 2;
        iZone[1891] = 2;
        iZone[1892] = 2;
        iZone[1893] = 2;
        iZone[1894] = 2;
        iZone[1895] = 2;
        iZone[1896] = 2;
        iZone[1897] = 2;
        iZone[1898] = 2;
        iZone[1899] = 2;
        iZone[1900] = 2;
        iZone[1901] = 2;
        iZone[1902] = 2;
        iZone[1903] = 2;
        iZone[1904] = 2;
        iZone[1905] = 2;
        iZone[1906] = 2;
        iZone[1907] = 2;
        iZone[1908] = 2;
        iZone[1909] = 2;
        iZone[1910] = 2;
        iZone[1911] = 2;
        iZone[1912] = 2;
        iZone[1913] = 2;
        iZone[1914] = 2;
        iZone[1915] = 2;
        iZone[1916] = 2;
        iZone[1917] = 2;
        iZone[1918] = 2;
        iZone[1919] = 2;
        iZone[1920] = 2;
        iZone[1921] = 2;
        iZone[1922] = 2;
        iZone[1923] = 2;
        iZone[1924] = 2;
        iZone[1925] = 2;
        iZone[1926] = 2;
        iZone[1927] = 2;
        iZone[1928] = 2;
        iZone[1929] = 2;
        iZone[1930] = 2;
        iZone[1931] = 2;
        iZone[1932] = 2;
        iZone[1933] = 2;
        iZone[1934] = 2;
        iZone[1935] = 2;
        iZone[1936] = 2;
        iZone[1937] = 2;
        iZone[1938] = 2;
        iZone[1939] = 2;
        iZone[1940] = 2;
        iZone[1941] = 2;
        iZone[1942] = 2;
        iZone[1943] = 2;
        iZone[1944] = 2;
        iZone[1945] = 2;
        iZone[1946] = 2;
        iZone[1947] = 2;
        iZone[1948] = 2;
        iZone[1949] = 2;
        iZone[1950] = 2;
        iZone[1951] = 2;
        iZone[1952] = 2;
        iZone[1953] = 2;
        iZone[1954] = 2;
        iZone[1955] = 2;
        iZone[1956] = 2;
        iZone[1957] = 2;
        iZone[1958] = 2;
        iZone[1959] = 2;
        iZone[1960] = 2;
        iZone[1961] = 2;
        iZone[1962] = 2;
        iZone[1963] = 2;
        iZone[1964] = 2;
        iZone[1965] = 2;
        iZone[1966] = 2;
        iZone[1967] = 2;
        iZone[1968] = 2;
        iZone[1969] = 2;
        iZone[1970] = 2;
        iZone[1971] = 2;
        iZone[1972] = 2;
        iZone[1973] = 2;
        iZone[1974] = 2;
        iZone[1975] = 2;
        iZone[1976] = 2;
        iZone[1977] = 2;
        iZone[1978] = 2;
        iZone[1979] = 2;
        iZone[1980] = 2;
        iZone[1981] = 2;
        iZone[1982] = 2;
        iZone[1983] = 2;
        iZone[1984] = 2;
        iZone[1985] = 2;
        iZone[1986] = 2;
        iZone[1987] = 2;
        iZone[1988] = 2;
        iZone[1989] = 2;
        iZone[1990] = 2;
        iZone[1991] = 2;
        iZone[1992] = 2;
        iZone[1993] = 2;
        iZone[1994] = 2;
        iZone[1995] = 2;
        iZone[1996] = 2;
        iZone[1997] = 2;
        iZone[1998] = 2;
        iZone[1999] = 2;
        iZone[2000] = 2;
        iZone[2001] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  185.735818;
        expectedResult[1] =  156.010422;
        expectedResult[2] =  159.384064;
        expectedResult[3] =  162.806143;
        expectedResult[4] =  166.468060;
        expectedResult[5] =  170.410434;
        expectedResult[6] =  174.662217;
        expectedResult[7] =  179.184546;
        expectedResult[8] =  183.876136;
        expectedResult[9] =  188.707115;
        expectedResult[10] =  193.807195;
        expectedResult[11] =  199.336423;
        expectedResult[12] =  205.326826;
        expectedResult[13] =  211.881564;
        expectedResult[14] =  220.668351;
        expectedResult[15] =  224.984753;
        expectedResult[16] =  233.069710;
        expectedResult[17] =  248.088280;
        expectedResult[18] =  163.095306;
        expectedResult[19] =  178.186286;
        expectedResult[20] =  184.369914;
        expectedResult[21] =  185.735818;
        expectedResult[22] =  186.810420;
        expectedResult[23] =  187.712835;
        expectedResult[24] =  188.501592;
        expectedResult[25] =  189.210067;
        expectedResult[26] =  189.859257;
        expectedResult[27] =  190.463339;
        expectedResult[28] =  191.032429;
        expectedResult[29] =  191.574085;
        expectedResult[30] =  192.094187;
        expectedResult[31] =  192.597494;
        expectedResult[32] =  193.088018;
        expectedResult[33] =  193.569351;
        expectedResult[34] =  194.045255;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 10;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test13() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_mixed_109km
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 51.200000;
        double phi_r = 50.730000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 1.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 0.200000;
        double p = 0.100000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 0.000000;
        double dk_t = 0.000000;
        double ha_r = 0.000000;
        double dk_r = 0.000000;
        double[] rDist = new double[110];
        double[] rHeight = new double[110];
        int[] iZone = new int[110];
        rDist[0] = 0.000000;
        rDist[1] = 1.000000;
        rDist[2] = 2.000000;
        rDist[3] = 3.000000;
        rDist[4] = 4.000000;
        rDist[5] = 5.000000;
        rDist[6] = 6.000000;
        rDist[7] = 7.000000;
        rDist[8] = 8.000000;
        rDist[9] = 9.000000;
        rDist[10] = 10.000000;
        rDist[11] = 11.000000;
        rDist[12] = 12.000000;
        rDist[13] = 13.000000;
        rDist[14] = 14.000000;
        rDist[15] = 15.000000;
        rDist[16] = 16.000000;
        rDist[17] = 17.000000;
        rDist[18] = 18.000000;
        rDist[19] = 19.000000;
        rDist[20] = 20.000000;
        rDist[21] = 21.000000;
        rDist[22] = 22.000000;
        rDist[23] = 23.000000;
        rDist[24] = 24.000000;
        rDist[25] = 25.000000;
        rDist[26] = 26.000000;
        rDist[27] = 27.000000;
        rDist[28] = 28.000000;
        rDist[29] = 29.000000;
        rDist[30] = 30.000000;
        rDist[31] = 31.000000;
        rDist[32] = 32.000000;
        rDist[33] = 33.000000;
        rDist[34] = 34.000000;
        rDist[35] = 35.000000;
        rDist[36] = 36.000000;
        rDist[37] = 37.000000;
        rDist[38] = 38.000000;
        rDist[39] = 39.000000;
        rDist[40] = 40.000000;
        rDist[41] = 41.000000;
        rDist[42] = 42.000000;
        rDist[43] = 43.000000;
        rDist[44] = 44.000000;
        rDist[45] = 45.000000;
        rDist[46] = 46.000000;
        rDist[47] = 47.000000;
        rDist[48] = 48.000000;
        rDist[49] = 49.000000;
        rDist[50] = 50.000000;
        rDist[51] = 51.000000;
        rDist[52] = 52.000000;
        rDist[53] = 53.000000;
        rDist[54] = 54.000000;
        rDist[55] = 55.000000;
        rDist[56] = 56.000000;
        rDist[57] = 57.000000;
        rDist[58] = 58.000000;
        rDist[59] = 59.000000;
        rDist[60] = 60.000000;
        rDist[61] = 61.000000;
        rDist[62] = 62.000000;
        rDist[63] = 63.000000;
        rDist[64] = 64.000000;
        rDist[65] = 65.000000;
        rDist[66] = 66.000000;
        rDist[67] = 67.000000;
        rDist[68] = 68.000000;
        rDist[69] = 69.000000;
        rDist[70] = 70.000000;
        rDist[71] = 71.000000;
        rDist[72] = 72.000000;
        rDist[73] = 73.000000;
        rDist[74] = 74.000000;
        rDist[75] = 75.000000;
        rDist[76] = 76.000000;
        rDist[77] = 77.000000;
        rDist[78] = 78.000000;
        rDist[79] = 79.000000;
        rDist[80] = 80.000000;
        rDist[81] = 81.000000;
        rDist[82] = 82.000000;
        rDist[83] = 83.000000;
        rDist[84] = 84.000000;
        rDist[85] = 85.000000;
        rDist[86] = 86.000000;
        rDist[87] = 87.000000;
        rDist[88] = 88.000000;
        rDist[89] = 89.000000;
        rDist[90] = 90.000000;
        rDist[91] = 91.000000;
        rDist[92] = 92.000000;
        rDist[93] = 93.000000;
        rDist[94] = 94.000000;
        rDist[95] = 95.000000;
        rDist[96] = 96.000000;
        rDist[97] = 97.000000;
        rDist[98] = 98.000000;
        rDist[99] = 99.000000;
        rDist[100] = 100.000000;
        rDist[101] = 101.000000;
        rDist[102] = 102.000000;
        rDist[103] = 103.000000;
        rDist[104] = 104.000000;
        rDist[105] = 105.000000;
        rDist[106] = 106.000000;
        rDist[107] = 107.000000;
        rDist[108] = 108.000000;
        rDist[109] = 109.000000;
        rHeight[0] = 40.000000;
        rHeight[1] = 24.000000;
        rHeight[2] = 35.000000;
        rHeight[3] = 38.000000;
        rHeight[4] = 41.000000;
        rHeight[5] = 39.000000;
        rHeight[6] = 41.000000;
        rHeight[7] = 41.000000;
        rHeight[8] = 44.000000;
        rHeight[9] = 35.000000;
        rHeight[10] = 39.000000;
        rHeight[11] = 24.000000;
        rHeight[12] = 26.000000;
        rHeight[13] = 32.000000;
        rHeight[14] = 36.000000;
        rHeight[15] = 43.000000;
        rHeight[16] = 49.000000;
        rHeight[17] = 48.000000;
        rHeight[18] = 48.000000;
        rHeight[19] = 45.000000;
        rHeight[20] = 41.000000;
        rHeight[21] = 35.000000;
        rHeight[22] = 36.000000;
        rHeight[23] = 36.000000;
        rHeight[24] = 42.000000;
        rHeight[25] = 43.000000;
        rHeight[26] = 52.000000;
        rHeight[27] = 55.000000;
        rHeight[28] = 73.000000;
        rHeight[29] = 67.000000;
        rHeight[30] = 68.000000;
        rHeight[31] = 53.000000;
        rHeight[32] = 50.000000;
        rHeight[33] = 14.000000;
        rHeight[34] = 1.000000;
        rHeight[35] = 0.000000;
        rHeight[36] = 0.000000;
        rHeight[37] = 0.000000;
        rHeight[38] = 0.000000;
        rHeight[39] = 0.000000;
        rHeight[40] = 0.000000;
        rHeight[41] = 0.000000;
        rHeight[42] = 0.000000;
        rHeight[43] = 0.000000;
        rHeight[44] = 0.000000;
        rHeight[45] = 0.000000;
        rHeight[46] = 0.000000;
        rHeight[47] = 0.000000;
        rHeight[48] = 0.000000;
        rHeight[49] = 0.000000;
        rHeight[50] = 0.000000;
        rHeight[51] = 0.000000;
        rHeight[52] = 0.000000;
        rHeight[53] = 0.000000;
        rHeight[54] = 0.000000;
        rHeight[55] = 0.000000;
        rHeight[56] = 0.000000;
        rHeight[57] = 0.000000;
        rHeight[58] = 0.000000;
        rHeight[59] = 0.000000;
        rHeight[60] = 0.000000;
        rHeight[61] = 0.000000;
        rHeight[62] = 0.000000;
        rHeight[63] = 0.000000;
        rHeight[64] = 0.000000;
        rHeight[65] = 0.000000;
        rHeight[66] = 0.000000;
        rHeight[67] = 0.000000;
        rHeight[68] = 0.000000;
        rHeight[69] = 0.000000;
        rHeight[70] = 0.000000;
        rHeight[71] = 0.000000;
        rHeight[72] = 0.000000;
        rHeight[73] = 0.000000;
        rHeight[74] = 0.000000;
        rHeight[75] = 0.000000;
        rHeight[76] = 0.000000;
        rHeight[77] = 0.000000;
        rHeight[78] = 45.000000;
        rHeight[79] = 54.000000;
        rHeight[80] = 63.000000;
        rHeight[81] = 79.000000;
        rHeight[82] = 85.000000;
        rHeight[83] = 39.000000;
        rHeight[84] = 21.000000;
        rHeight[85] = 15.000000;
        rHeight[86] = 37.000000;
        rHeight[87] = 42.000000;
        rHeight[88] = 63.000000;
        rHeight[89] = 51.000000;
        rHeight[90] = 35.000000;
        rHeight[91] = 68.000000;
        rHeight[92] = 68.000000;
        rHeight[93] = 53.000000;
        rHeight[94] = 63.000000;
        rHeight[95] = 75.000000;
        rHeight[96] = 92.000000;
        rHeight[97] = 174.000000;
        rHeight[98] = 184.000000;
        rHeight[99] = 145.000000;
        rHeight[100] = 158.000000;
        rHeight[101] = 122.000000;
        rHeight[102] = 129.000000;
        rHeight[103] = 97.000000;
        rHeight[104] = 100.000000;
        rHeight[105] = 91.000000;
        rHeight[106] = 144.000000;
        rHeight[107] = 119.000000;
        rHeight[108] = 154.000000;
        rHeight[109] = 183.000000;
        iZone[0] = 1;
        iZone[1] = 1;
        iZone[2] = 1;
        iZone[3] = 1;
        iZone[4] = 1;
        iZone[5] = 1;
        iZone[6] = 1;
        iZone[7] = 1;
        iZone[8] = 1;
        iZone[9] = 1;
        iZone[10] = 1;
        iZone[11] = 1;
        iZone[12] = 1;
        iZone[13] = 1;
        iZone[14] = 1;
        iZone[15] = 1;
        iZone[16] = 1;
        iZone[17] = 1;
        iZone[18] = 1;
        iZone[19] = 1;
        iZone[20] = 1;
        iZone[21] = 1;
        iZone[22] = 1;
        iZone[23] = 1;
        iZone[24] = 1;
        iZone[25] = 1;
        iZone[26] = 1;
        iZone[27] = 1;
        iZone[28] = 1;
        iZone[29] = 1;
        iZone[30] = 1;
        iZone[31] = 1;
        iZone[32] = 1;
        iZone[33] = 1;
        iZone[34] = 1;
        iZone[35] = 3;
        iZone[36] = 3;
        iZone[37] = 3;
        iZone[38] = 3;
        iZone[39] = 3;
        iZone[40] = 3;
        iZone[41] = 3;
        iZone[42] = 3;
        iZone[43] = 3;
        iZone[44] = 3;
        iZone[45] = 3;
        iZone[46] = 3;
        iZone[47] = 3;
        iZone[48] = 3;
        iZone[49] = 3;
        iZone[50] = 3;
        iZone[51] = 3;
        iZone[52] = 3;
        iZone[53] = 3;
        iZone[54] = 3;
        iZone[55] = 3;
        iZone[56] = 3;
        iZone[57] = 3;
        iZone[58] = 3;
        iZone[59] = 3;
        iZone[60] = 3;
        iZone[61] = 3;
        iZone[62] = 3;
        iZone[63] = 3;
        iZone[64] = 3;
        iZone[65] = 3;
        iZone[66] = 3;
        iZone[67] = 3;
        iZone[68] = 3;
        iZone[69] = 3;
        iZone[70] = 3;
        iZone[71] = 3;
        iZone[72] = 3;
        iZone[73] = 3;
        iZone[74] = 3;
        iZone[75] = 3;
        iZone[76] = 3;
        iZone[77] = 3;
        iZone[78] = 1;
        iZone[79] = 1;
        iZone[80] = 1;
        iZone[81] = 1;
        iZone[82] = 1;
        iZone[83] = 1;
        iZone[84] = 1;
        iZone[85] = 1;
        iZone[86] = 1;
        iZone[87] = 1;
        iZone[88] = 1;
        iZone[89] = 1;
        iZone[90] = 1;
        iZone[91] = 1;
        iZone[92] = 1;
        iZone[93] = 1;
        iZone[94] = 1;
        iZone[95] = 1;
        iZone[96] = 1;
        iZone[97] = 2;
        iZone[98] = 2;
        iZone[99] = 2;
        iZone[100] = 2;
        iZone[101] = 2;
        iZone[102] = 2;
        iZone[103] = 1;
        iZone[104] = 2;
        iZone[105] = 1;
        iZone[106] = 2;
        iZone[107] = 2;
        iZone[108] = 2;
        iZone[109] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 0.200000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  137.034078;
        expectedResult[1] =  135.698237;
        expectedResult[2] =  139.140230;
        expectedResult[3] =  135.755375;
        expectedResult[4] =  130.225557;
        expectedResult[5] =  125.120314;
        expectedResult[6] =  129.238175;
        expectedResult[7] =  133.410937;
        expectedResult[8] =  137.635008;
        expectedResult[9] =  141.941860;
        expectedResult[10] =  146.382647;
        expectedResult[11] =  151.033365;
        expectedResult[12] =  156.047669;
        expectedResult[13] =  161.948082;
        expectedResult[14] =  175.575102;
        expectedResult[15] =  181.411645;
        expectedResult[16] =  195.690057;
        expectedResult[17] =  221.408753;
        expectedResult[18] =  144.717503;
        expectedResult[19] =  146.820291;
        expectedResult[20] =  149.067574;
        expectedResult[21] =  150.611743;
        expectedResult[22] =  151.819651;
        expectedResult[23] =  152.829129;
        expectedResult[24] =  153.707727;
        expectedResult[25] =  154.493884;
        expectedResult[26] =  155.211736;
        expectedResult[27] =  155.877558;
        expectedResult[28] =  156.502958;
        expectedResult[29] =  157.096618;
        expectedResult[30] =  157.665321;
        expectedResult[31] =  158.214625;
        expectedResult[32] =  158.749362;
        expectedResult[33] =  159.274208;
        expectedResult[34] =  159.795515;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 0.1;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 0.2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test14() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_flat_land_5km
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 51.200000;
        double phi_r = 50.730000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 2.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 49.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 0.000000;
        double dk_t = 0.000000;
        double ha_r = 0.000000;
        double dk_r = 0.000000;
        double[] rDist = new double[501];
        double[] rHeight = new double[501];
        int[] iZone = new int[501];
        rDist[0] = 0.000000;
        rDist[1] = 0.010000;
        rDist[2] = 0.020000;
        rDist[3] = 0.030000;
        rDist[4] = 0.040000;
        rDist[5] = 0.050000;
        rDist[6] = 0.060000;
        rDist[7] = 0.070000;
        rDist[8] = 0.080000;
        rDist[9] = 0.090000;
        rDist[10] = 0.100000;
        rDist[11] = 0.110000;
        rDist[12] = 0.120000;
        rDist[13] = 0.130000;
        rDist[14] = 0.140000;
        rDist[15] = 0.150000;
        rDist[16] = 0.160000;
        rDist[17] = 0.170000;
        rDist[18] = 0.180000;
        rDist[19] = 0.190000;
        rDist[20] = 0.200000;
        rDist[21] = 0.210000;
        rDist[22] = 0.220000;
        rDist[23] = 0.230000;
        rDist[24] = 0.240000;
        rDist[25] = 0.250000;
        rDist[26] = 0.260000;
        rDist[27] = 0.270000;
        rDist[28] = 0.280000;
        rDist[29] = 0.290000;
        rDist[30] = 0.300000;
        rDist[31] = 0.310000;
        rDist[32] = 0.320000;
        rDist[33] = 0.330000;
        rDist[34] = 0.340000;
        rDist[35] = 0.350000;
        rDist[36] = 0.360000;
        rDist[37] = 0.370000;
        rDist[38] = 0.380000;
        rDist[39] = 0.390000;
        rDist[40] = 0.400000;
        rDist[41] = 0.410000;
        rDist[42] = 0.420000;
        rDist[43] = 0.430000;
        rDist[44] = 0.440000;
        rDist[45] = 0.450000;
        rDist[46] = 0.460000;
        rDist[47] = 0.470000;
        rDist[48] = 0.480000;
        rDist[49] = 0.490000;
        rDist[50] = 0.500000;
        rDist[51] = 0.510000;
        rDist[52] = 0.520000;
        rDist[53] = 0.530000;
        rDist[54] = 0.540000;
        rDist[55] = 0.550000;
        rDist[56] = 0.560000;
        rDist[57] = 0.570000;
        rDist[58] = 0.580000;
        rDist[59] = 0.590000;
        rDist[60] = 0.600000;
        rDist[61] = 0.610000;
        rDist[62] = 0.620000;
        rDist[63] = 0.630000;
        rDist[64] = 0.640000;
        rDist[65] = 0.650000;
        rDist[66] = 0.660000;
        rDist[67] = 0.670000;
        rDist[68] = 0.680000;
        rDist[69] = 0.690000;
        rDist[70] = 0.700000;
        rDist[71] = 0.710000;
        rDist[72] = 0.720000;
        rDist[73] = 0.730000;
        rDist[74] = 0.740000;
        rDist[75] = 0.750000;
        rDist[76] = 0.760000;
        rDist[77] = 0.770000;
        rDist[78] = 0.780000;
        rDist[79] = 0.790000;
        rDist[80] = 0.800000;
        rDist[81] = 0.810000;
        rDist[82] = 0.820000;
        rDist[83] = 0.830000;
        rDist[84] = 0.840000;
        rDist[85] = 0.850000;
        rDist[86] = 0.860000;
        rDist[87] = 0.870000;
        rDist[88] = 0.880000;
        rDist[89] = 0.890000;
        rDist[90] = 0.900000;
        rDist[91] = 0.910000;
        rDist[92] = 0.920000;
        rDist[93] = 0.930000;
        rDist[94] = 0.940000;
        rDist[95] = 0.950000;
        rDist[96] = 0.960000;
        rDist[97] = 0.970000;
        rDist[98] = 0.980000;
        rDist[99] = 0.990000;
        rDist[100] = 1.000000;
        rDist[101] = 1.010000;
        rDist[102] = 1.020000;
        rDist[103] = 1.030000;
        rDist[104] = 1.040000;
        rDist[105] = 1.050000;
        rDist[106] = 1.060000;
        rDist[107] = 1.070000;
        rDist[108] = 1.080000;
        rDist[109] = 1.090000;
        rDist[110] = 1.100000;
        rDist[111] = 1.110000;
        rDist[112] = 1.120000;
        rDist[113] = 1.130000;
        rDist[114] = 1.140000;
        rDist[115] = 1.150000;
        rDist[116] = 1.160000;
        rDist[117] = 1.170000;
        rDist[118] = 1.180000;
        rDist[119] = 1.190000;
        rDist[120] = 1.200000;
        rDist[121] = 1.210000;
        rDist[122] = 1.220000;
        rDist[123] = 1.230000;
        rDist[124] = 1.240000;
        rDist[125] = 1.250000;
        rDist[126] = 1.260000;
        rDist[127] = 1.270000;
        rDist[128] = 1.280000;
        rDist[129] = 1.290000;
        rDist[130] = 1.300000;
        rDist[131] = 1.310000;
        rDist[132] = 1.320000;
        rDist[133] = 1.330000;
        rDist[134] = 1.340000;
        rDist[135] = 1.350000;
        rDist[136] = 1.360000;
        rDist[137] = 1.370000;
        rDist[138] = 1.380000;
        rDist[139] = 1.390000;
        rDist[140] = 1.400000;
        rDist[141] = 1.410000;
        rDist[142] = 1.420000;
        rDist[143] = 1.430000;
        rDist[144] = 1.440000;
        rDist[145] = 1.450000;
        rDist[146] = 1.460000;
        rDist[147] = 1.470000;
        rDist[148] = 1.480000;
        rDist[149] = 1.490000;
        rDist[150] = 1.500000;
        rDist[151] = 1.510000;
        rDist[152] = 1.520000;
        rDist[153] = 1.530000;
        rDist[154] = 1.540000;
        rDist[155] = 1.550000;
        rDist[156] = 1.560000;
        rDist[157] = 1.570000;
        rDist[158] = 1.580000;
        rDist[159] = 1.590000;
        rDist[160] = 1.600000;
        rDist[161] = 1.610000;
        rDist[162] = 1.620000;
        rDist[163] = 1.630000;
        rDist[164] = 1.640000;
        rDist[165] = 1.650000;
        rDist[166] = 1.660000;
        rDist[167] = 1.670000;
        rDist[168] = 1.680000;
        rDist[169] = 1.690000;
        rDist[170] = 1.700000;
        rDist[171] = 1.710000;
        rDist[172] = 1.720000;
        rDist[173] = 1.730000;
        rDist[174] = 1.740000;
        rDist[175] = 1.750000;
        rDist[176] = 1.760000;
        rDist[177] = 1.770000;
        rDist[178] = 1.780000;
        rDist[179] = 1.790000;
        rDist[180] = 1.800000;
        rDist[181] = 1.810000;
        rDist[182] = 1.820000;
        rDist[183] = 1.830000;
        rDist[184] = 1.840000;
        rDist[185] = 1.850000;
        rDist[186] = 1.860000;
        rDist[187] = 1.870000;
        rDist[188] = 1.880000;
        rDist[189] = 1.890000;
        rDist[190] = 1.900000;
        rDist[191] = 1.910000;
        rDist[192] = 1.920000;
        rDist[193] = 1.930000;
        rDist[194] = 1.940000;
        rDist[195] = 1.950000;
        rDist[196] = 1.960000;
        rDist[197] = 1.970000;
        rDist[198] = 1.980000;
        rDist[199] = 1.990000;
        rDist[200] = 2.000000;
        rDist[201] = 2.010000;
        rDist[202] = 2.020000;
        rDist[203] = 2.030000;
        rDist[204] = 2.040000;
        rDist[205] = 2.050000;
        rDist[206] = 2.060000;
        rDist[207] = 2.070000;
        rDist[208] = 2.080000;
        rDist[209] = 2.090000;
        rDist[210] = 2.100000;
        rDist[211] = 2.110000;
        rDist[212] = 2.120000;
        rDist[213] = 2.130000;
        rDist[214] = 2.140000;
        rDist[215] = 2.150000;
        rDist[216] = 2.160000;
        rDist[217] = 2.170000;
        rDist[218] = 2.180000;
        rDist[219] = 2.190000;
        rDist[220] = 2.200000;
        rDist[221] = 2.210000;
        rDist[222] = 2.220000;
        rDist[223] = 2.230000;
        rDist[224] = 2.240000;
        rDist[225] = 2.250000;
        rDist[226] = 2.260000;
        rDist[227] = 2.270000;
        rDist[228] = 2.280000;
        rDist[229] = 2.290000;
        rDist[230] = 2.300000;
        rDist[231] = 2.310000;
        rDist[232] = 2.320000;
        rDist[233] = 2.330000;
        rDist[234] = 2.340000;
        rDist[235] = 2.350000;
        rDist[236] = 2.360000;
        rDist[237] = 2.370000;
        rDist[238] = 2.380000;
        rDist[239] = 2.390000;
        rDist[240] = 2.400000;
        rDist[241] = 2.410000;
        rDist[242] = 2.420000;
        rDist[243] = 2.430000;
        rDist[244] = 2.440000;
        rDist[245] = 2.450000;
        rDist[246] = 2.460000;
        rDist[247] = 2.470000;
        rDist[248] = 2.480000;
        rDist[249] = 2.490000;
        rDist[250] = 2.500000;
        rDist[251] = 2.510000;
        rDist[252] = 2.520000;
        rDist[253] = 2.530000;
        rDist[254] = 2.540000;
        rDist[255] = 2.550000;
        rDist[256] = 2.560000;
        rDist[257] = 2.570000;
        rDist[258] = 2.580000;
        rDist[259] = 2.590000;
        rDist[260] = 2.600000;
        rDist[261] = 2.610000;
        rDist[262] = 2.620000;
        rDist[263] = 2.630000;
        rDist[264] = 2.640000;
        rDist[265] = 2.650000;
        rDist[266] = 2.660000;
        rDist[267] = 2.670000;
        rDist[268] = 2.680000;
        rDist[269] = 2.690000;
        rDist[270] = 2.700000;
        rDist[271] = 2.710000;
        rDist[272] = 2.720000;
        rDist[273] = 2.730000;
        rDist[274] = 2.740000;
        rDist[275] = 2.750000;
        rDist[276] = 2.760000;
        rDist[277] = 2.770000;
        rDist[278] = 2.780000;
        rDist[279] = 2.790000;
        rDist[280] = 2.800000;
        rDist[281] = 2.810000;
        rDist[282] = 2.820000;
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        iZone[297] = 2;
        iZone[298] = 2;
        iZone[299] = 2;
        iZone[300] = 2;
        iZone[301] = 2;
        iZone[302] = 2;
        iZone[303] = 2;
        iZone[304] = 2;
        iZone[305] = 2;
        iZone[306] = 2;
        iZone[307] = 2;
        iZone[308] = 2;
        iZone[309] = 2;
        iZone[310] = 2;
        iZone[311] = 2;
        iZone[312] = 2;
        iZone[313] = 2;
        iZone[314] = 2;
        iZone[315] = 2;
        iZone[316] = 2;
        iZone[317] = 2;
        iZone[318] = 2;
        iZone[319] = 2;
        iZone[320] = 2;
        iZone[321] = 2;
        iZone[322] = 2;
        iZone[323] = 2;
        iZone[324] = 2;
        iZone[325] = 2;
        iZone[326] = 2;
        iZone[327] = 2;
        iZone[328] = 2;
        iZone[329] = 2;
        iZone[330] = 2;
        iZone[331] = 2;
        iZone[332] = 2;
        iZone[333] = 2;
        iZone[334] = 2;
        iZone[335] = 2;
        iZone[336] = 2;
        iZone[337] = 2;
        iZone[338] = 2;
        iZone[339] = 2;
        iZone[340] = 2;
        iZone[341] = 2;
        iZone[342] = 2;
        iZone[343] = 2;
        iZone[344] = 2;
        iZone[345] = 2;
        iZone[346] = 2;
        iZone[347] = 2;
        iZone[348] = 2;
        iZone[349] = 2;
        iZone[350] = 2;
        iZone[351] = 2;
        iZone[352] = 2;
        iZone[353] = 2;
        iZone[354] = 2;
        iZone[355] = 2;
        iZone[356] = 2;
        iZone[357] = 2;
        iZone[358] = 2;
        iZone[359] = 2;
        iZone[360] = 2;
        iZone[361] = 2;
        iZone[362] = 2;
        iZone[363] = 2;
        iZone[364] = 2;
        iZone[365] = 2;
        iZone[366] = 2;
        iZone[367] = 2;
        iZone[368] = 2;
        iZone[369] = 2;
        iZone[370] = 2;
        iZone[371] = 2;
        iZone[372] = 2;
        iZone[373] = 2;
        iZone[374] = 2;
        iZone[375] = 2;
        iZone[376] = 2;
        iZone[377] = 2;
        iZone[378] = 2;
        iZone[379] = 2;
        iZone[380] = 2;
        iZone[381] = 2;
        iZone[382] = 2;
        iZone[383] = 2;
        iZone[384] = 2;
        iZone[385] = 2;
        iZone[386] = 2;
        iZone[387] = 2;
        iZone[388] = 2;
        iZone[389] = 2;
        iZone[390] = 2;
        iZone[391] = 2;
        iZone[392] = 2;
        iZone[393] = 2;
        iZone[394] = 2;
        iZone[395] = 2;
        iZone[396] = 2;
        iZone[397] = 2;
        iZone[398] = 2;
        iZone[399] = 2;
        iZone[400] = 2;
        iZone[401] = 2;
        iZone[402] = 2;
        iZone[403] = 2;
        iZone[404] = 2;
        iZone[405] = 2;
        iZone[406] = 2;
        iZone[407] = 2;
        iZone[408] = 2;
        iZone[409] = 2;
        iZone[410] = 2;
        iZone[411] = 2;
        iZone[412] = 2;
        iZone[413] = 2;
        iZone[414] = 2;
        iZone[415] = 2;
        iZone[416] = 2;
        iZone[417] = 2;
        iZone[418] = 2;
        iZone[419] = 2;
        iZone[420] = 2;
        iZone[421] = 2;
        iZone[422] = 2;
        iZone[423] = 2;
        iZone[424] = 2;
        iZone[425] = 2;
        iZone[426] = 2;
        iZone[427] = 2;
        iZone[428] = 2;
        iZone[429] = 2;
        iZone[430] = 2;
        iZone[431] = 2;
        iZone[432] = 2;
        iZone[433] = 2;
        iZone[434] = 2;
        iZone[435] = 2;
        iZone[436] = 2;
        iZone[437] = 2;
        iZone[438] = 2;
        iZone[439] = 2;
        iZone[440] = 2;
        iZone[441] = 2;
        iZone[442] = 2;
        iZone[443] = 2;
        iZone[444] = 2;
        iZone[445] = 2;
        iZone[446] = 2;
        iZone[447] = 2;
        iZone[448] = 2;
        iZone[449] = 2;
        iZone[450] = 2;
        iZone[451] = 2;
        iZone[452] = 2;
        iZone[453] = 2;
        iZone[454] = 2;
        iZone[455] = 2;
        iZone[456] = 2;
        iZone[457] = 2;
        iZone[458] = 2;
        iZone[459] = 2;
        iZone[460] = 2;
        iZone[461] = 2;
        iZone[462] = 2;
        iZone[463] = 2;
        iZone[464] = 2;
        iZone[465] = 2;
        iZone[466] = 2;
        iZone[467] = 2;
        iZone[468] = 2;
        iZone[469] = 2;
        iZone[470] = 2;
        iZone[471] = 2;
        iZone[472] = 2;
        iZone[473] = 2;
        iZone[474] = 2;
        iZone[475] = 2;
        iZone[476] = 2;
        iZone[477] = 2;
        iZone[478] = 2;
        iZone[479] = 2;
        iZone[480] = 2;
        iZone[481] = 2;
        iZone[482] = 2;
        iZone[483] = 2;
        iZone[484] = 2;
        iZone[485] = 2;
        iZone[486] = 2;
        iZone[487] = 2;
        iZone[488] = 2;
        iZone[489] = 2;
        iZone[490] = 2;
        iZone[491] = 2;
        iZone[492] = 2;
        iZone[493] = 2;
        iZone[494] = 2;
        iZone[495] = 2;
        iZone[496] = 2;
        iZone[497] = 2;
        iZone[498] = 2;
        iZone[499] = 2;
        iZone[500] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  112.419795;
        expectedResult[1] =  106.365115;
        expectedResult[2] =  106.590886;
        expectedResult[3] =  106.904044;
        expectedResult[4] =  107.266940;
        expectedResult[5] =  107.638813;
        expectedResult[6] =  107.962189;
        expectedResult[7] =  108.121637;
        expectedResult[8] =  111.050678;
        expectedResult[9] =  114.575663;
        expectedResult[10] =  118.101019;
        expectedResult[11] =  121.629203;
        expectedResult[12] =  125.165734;
        expectedResult[13] =  128.730989;
        expectedResult[14] =  132.602035;
        expectedResult[15] =  136.149063;
        expectedResult[16] =  140.058002;
        expectedResult[17] =  142.285339;
        expectedResult[18] =  110.696506;
        expectedResult[19] =  111.312426;
        expectedResult[20] =  111.561058;
        expectedResult[21] =  111.676163;
        expectedResult[22] =  111.768039;
        expectedResult[23] =  111.846168;
        expectedResult[24] =  111.915198;
        expectedResult[25] =  111.977797;
        expectedResult[26] =  112.035656;
        expectedResult[27] =  112.089924;
        expectedResult[28] =  112.141427;
        expectedResult[29] =  112.190785;
        expectedResult[30] =  112.238484;
        expectedResult[31] =  112.284921;
        expectedResult[32] =  112.330429;
        expectedResult[33] =  112.375299;
        expectedResult[34] =  112.419795;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 49;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test15() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_flat_land_5km_Industrial
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 51.200000;
        double phi_r = 50.730000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 2.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 49.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 20.000000;
        double dk_t = 0.050000;
        double ha_r = 20.000000;
        double dk_r = 0.050000;
        double[] rDist = new double[501];
        double[] rHeight = new double[501];
        int[] iZone = new int[501];
        rDist[0] = 0.000000;
        rDist[1] = 0.010000;
        rDist[2] = 0.020000;
        rDist[3] = 0.030000;
        rDist[4] = 0.040000;
        rDist[5] = 0.050000;
        rDist[6] = 0.060000;
        rDist[7] = 0.070000;
        rDist[8] = 0.080000;
        rDist[9] = 0.090000;
        rDist[10] = 0.100000;
        rDist[11] = 0.110000;
        rDist[12] = 0.120000;
        rDist[13] = 0.130000;
        rDist[14] = 0.140000;
        rDist[15] = 0.150000;
        rDist[16] = 0.160000;
        rDist[17] = 0.170000;
        rDist[18] = 0.180000;
        rDist[19] = 0.190000;
        rDist[20] = 0.200000;
        rDist[21] = 0.210000;
        rDist[22] = 0.220000;
        rDist[23] = 0.230000;
        rDist[24] = 0.240000;
        rDist[25] = 0.250000;
        rDist[26] = 0.260000;
        rDist[27] = 0.270000;
        rDist[28] = 0.280000;
        rDist[29] = 0.290000;
        rDist[30] = 0.300000;
        rDist[31] = 0.310000;
        rDist[32] = 0.320000;
        rDist[33] = 0.330000;
        rDist[34] = 0.340000;
        rDist[35] = 0.350000;
        rDist[36] = 0.360000;
        rDist[37] = 0.370000;
        rDist[38] = 0.380000;
        rDist[39] = 0.390000;
        rDist[40] = 0.400000;
        rDist[41] = 0.410000;
        rDist[42] = 0.420000;
        rDist[43] = 0.430000;
        rDist[44] = 0.440000;
        rDist[45] = 0.450000;
        rDist[46] = 0.460000;
        rDist[47] = 0.470000;
        rDist[48] = 0.480000;
        rDist[49] = 0.490000;
        rDist[50] = 0.500000;
        rDist[51] = 0.510000;
        rDist[52] = 0.520000;
        rDist[53] = 0.530000;
        rDist[54] = 0.540000;
        rDist[55] = 0.550000;
        rDist[56] = 0.560000;
        rDist[57] = 0.570000;
        rDist[58] = 0.580000;
        rDist[59] = 0.590000;
        rDist[60] = 0.600000;
        rDist[61] = 0.610000;
        rDist[62] = 0.620000;
        rDist[63] = 0.630000;
        rDist[64] = 0.640000;
        rDist[65] = 0.650000;
        rDist[66] = 0.660000;
        rDist[67] = 0.670000;
        rDist[68] = 0.680000;
        rDist[69] = 0.690000;
        rDist[70] = 0.700000;
        rDist[71] = 0.710000;
        rDist[72] = 0.720000;
        rDist[73] = 0.730000;
        rDist[74] = 0.740000;
        rDist[75] = 0.750000;
        rDist[76] = 0.760000;
        rDist[77] = 0.770000;
        rDist[78] = 0.780000;
        rDist[79] = 0.790000;
        rDist[80] = 0.800000;
        rDist[81] = 0.810000;
        rDist[82] = 0.820000;
        rDist[83] = 0.830000;
        rDist[84] = 0.840000;
        rDist[85] = 0.850000;
        rDist[86] = 0.860000;
        rDist[87] = 0.870000;
        rDist[88] = 0.880000;
        rDist[89] = 0.890000;
        rDist[90] = 0.900000;
        rDist[91] = 0.910000;
        rDist[92] = 0.920000;
        rDist[93] = 0.930000;
        rDist[94] = 0.940000;
        rDist[95] = 0.950000;
        rDist[96] = 0.960000;
        rDist[97] = 0.970000;
        rDist[98] = 0.980000;
        rDist[99] = 0.990000;
        rDist[100] = 1.000000;
        rDist[101] = 1.010000;
        rDist[102] = 1.020000;
        rDist[103] = 1.030000;
        rDist[104] = 1.040000;
        rDist[105] = 1.050000;
        rDist[106] = 1.060000;
        rDist[107] = 1.070000;
        rDist[108] = 1.080000;
        rDist[109] = 1.090000;
        rDist[110] = 1.100000;
        rDist[111] = 1.110000;
        rDist[112] = 1.120000;
        rDist[113] = 1.130000;
        rDist[114] = 1.140000;
        rDist[115] = 1.150000;
        rDist[116] = 1.160000;
        rDist[117] = 1.170000;
        rDist[118] = 1.180000;
        rDist[119] = 1.190000;
        rDist[120] = 1.200000;
        rDist[121] = 1.210000;
        rDist[122] = 1.220000;
        rDist[123] = 1.230000;
        rDist[124] = 1.240000;
        rDist[125] = 1.250000;
        rDist[126] = 1.260000;
        rDist[127] = 1.270000;
        rDist[128] = 1.280000;
        rDist[129] = 1.290000;
        rDist[130] = 1.300000;
        rDist[131] = 1.310000;
        rDist[132] = 1.320000;
        rDist[133] = 1.330000;
        rDist[134] = 1.340000;
        rDist[135] = 1.350000;
        rDist[136] = 1.360000;
        rDist[137] = 1.370000;
        rDist[138] = 1.380000;
        rDist[139] = 1.390000;
        rDist[140] = 1.400000;
        rDist[141] = 1.410000;
        rDist[142] = 1.420000;
        rDist[143] = 1.430000;
        rDist[144] = 1.440000;
        rDist[145] = 1.450000;
        rDist[146] = 1.460000;
        rDist[147] = 1.470000;
        rDist[148] = 1.480000;
        rDist[149] = 1.490000;
        rDist[150] = 1.500000;
        rDist[151] = 1.510000;
        rDist[152] = 1.520000;
        rDist[153] = 1.530000;
        rDist[154] = 1.540000;
        rDist[155] = 1.550000;
        rDist[156] = 1.560000;
        rDist[157] = 1.570000;
        rDist[158] = 1.580000;
        rDist[159] = 1.590000;
        rDist[160] = 1.600000;
        rDist[161] = 1.610000;
        rDist[162] = 1.620000;
        rDist[163] = 1.630000;
        rDist[164] = 1.640000;
        rDist[165] = 1.650000;
        rDist[166] = 1.660000;
        rDist[167] = 1.670000;
        rDist[168] = 1.680000;
        rDist[169] = 1.690000;
        rDist[170] = 1.700000;
        rDist[171] = 1.710000;
        rDist[172] = 1.720000;
        rDist[173] = 1.730000;
        rDist[174] = 1.740000;
        rDist[175] = 1.750000;
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        iZone[167] = 2;
        iZone[168] = 2;
        iZone[169] = 2;
        iZone[170] = 2;
        iZone[171] = 2;
        iZone[172] = 2;
        iZone[173] = 2;
        iZone[174] = 2;
        iZone[175] = 2;
        iZone[176] = 2;
        iZone[177] = 2;
        iZone[178] = 2;
        iZone[179] = 2;
        iZone[180] = 2;
        iZone[181] = 2;
        iZone[182] = 2;
        iZone[183] = 2;
        iZone[184] = 2;
        iZone[185] = 2;
        iZone[186] = 2;
        iZone[187] = 2;
        iZone[188] = 2;
        iZone[189] = 2;
        iZone[190] = 2;
        iZone[191] = 2;
        iZone[192] = 2;
        iZone[193] = 2;
        iZone[194] = 2;
        iZone[195] = 2;
        iZone[196] = 2;
        iZone[197] = 2;
        iZone[198] = 2;
        iZone[199] = 2;
        iZone[200] = 2;
        iZone[201] = 2;
        iZone[202] = 2;
        iZone[203] = 2;
        iZone[204] = 2;
        iZone[205] = 2;
        iZone[206] = 2;
        iZone[207] = 2;
        iZone[208] = 2;
        iZone[209] = 2;
        iZone[210] = 2;
        iZone[211] = 2;
        iZone[212] = 2;
        iZone[213] = 2;
        iZone[214] = 2;
        iZone[215] = 2;
        iZone[216] = 2;
        iZone[217] = 2;
        iZone[218] = 2;
        iZone[219] = 2;
        iZone[220] = 2;
        iZone[221] = 2;
        iZone[222] = 2;
        iZone[223] = 2;
        iZone[224] = 2;
        iZone[225] = 2;
        iZone[226] = 2;
        iZone[227] = 2;
        iZone[228] = 2;
        iZone[229] = 2;
        iZone[230] = 2;
        iZone[231] = 2;
        iZone[232] = 2;
        iZone[233] = 2;
        iZone[234] = 2;
        iZone[235] = 2;
        iZone[236] = 2;
        iZone[237] = 2;
        iZone[238] = 2;
        iZone[239] = 2;
        iZone[240] = 2;
        iZone[241] = 2;
        iZone[242] = 2;
        iZone[243] = 2;
        iZone[244] = 2;
        iZone[245] = 2;
        iZone[246] = 2;
        iZone[247] = 2;
        iZone[248] = 2;
        iZone[249] = 2;
        iZone[250] = 2;
        iZone[251] = 2;
        iZone[252] = 2;
        iZone[253] = 2;
        iZone[254] = 2;
        iZone[255] = 2;
        iZone[256] = 2;
        iZone[257] = 2;
        iZone[258] = 2;
        iZone[259] = 2;
        iZone[260] = 2;
        iZone[261] = 2;
        iZone[262] = 2;
        iZone[263] = 2;
        iZone[264] = 2;
        iZone[265] = 2;
        iZone[266] = 2;
        iZone[267] = 2;
        iZone[268] = 2;
        iZone[269] = 2;
        iZone[270] = 2;
        iZone[271] = 2;
        iZone[272] = 2;
        iZone[273] = 2;
        iZone[274] = 2;
        iZone[275] = 2;
        iZone[276] = 2;
        iZone[277] = 2;
        iZone[278] = 2;
        iZone[279] = 2;
        iZone[280] = 2;
        iZone[281] = 2;
        iZone[282] = 2;
        iZone[283] = 2;
        iZone[284] = 2;
        iZone[285] = 2;
        iZone[286] = 2;
        iZone[287] = 2;
        iZone[288] = 2;
        iZone[289] = 2;
        iZone[290] = 2;
        iZone[291] = 2;
        iZone[292] = 2;
        iZone[293] = 2;
        iZone[294] = 2;
        iZone[295] = 2;
        iZone[296] = 2;
        iZone[297] = 2;
        iZone[298] = 2;
        iZone[299] = 2;
        iZone[300] = 2;
        iZone[301] = 2;
        iZone[302] = 2;
        iZone[303] = 2;
        iZone[304] = 2;
        iZone[305] = 2;
        iZone[306] = 2;
        iZone[307] = 2;
        iZone[308] = 2;
        iZone[309] = 2;
        iZone[310] = 2;
        iZone[311] = 2;
        iZone[312] = 2;
        iZone[313] = 2;
        iZone[314] = 2;
        iZone[315] = 2;
        iZone[316] = 2;
        iZone[317] = 2;
        iZone[318] = 2;
        iZone[319] = 2;
        iZone[320] = 2;
        iZone[321] = 2;
        iZone[322] = 2;
        iZone[323] = 2;
        iZone[324] = 2;
        iZone[325] = 2;
        iZone[326] = 2;
        iZone[327] = 2;
        iZone[328] = 2;
        iZone[329] = 2;
        iZone[330] = 2;
        iZone[331] = 2;
        iZone[332] = 2;
        iZone[333] = 2;
        iZone[334] = 2;
        iZone[335] = 2;
        iZone[336] = 2;
        iZone[337] = 2;
        iZone[338] = 2;
        iZone[339] = 2;
        iZone[340] = 2;
        iZone[341] = 2;
        iZone[342] = 2;
        iZone[343] = 2;
        iZone[344] = 2;
        iZone[345] = 2;
        iZone[346] = 2;
        iZone[347] = 2;
        iZone[348] = 2;
        iZone[349] = 2;
        iZone[350] = 2;
        iZone[351] = 2;
        iZone[352] = 2;
        iZone[353] = 2;
        iZone[354] = 2;
        iZone[355] = 2;
        iZone[356] = 2;
        iZone[357] = 2;
        iZone[358] = 2;
        iZone[359] = 2;
        iZone[360] = 2;
        iZone[361] = 2;
        iZone[362] = 2;
        iZone[363] = 2;
        iZone[364] = 2;
        iZone[365] = 2;
        iZone[366] = 2;
        iZone[367] = 2;
        iZone[368] = 2;
        iZone[369] = 2;
        iZone[370] = 2;
        iZone[371] = 2;
        iZone[372] = 2;
        iZone[373] = 2;
        iZone[374] = 2;
        iZone[375] = 2;
        iZone[376] = 2;
        iZone[377] = 2;
        iZone[378] = 2;
        iZone[379] = 2;
        iZone[380] = 2;
        iZone[381] = 2;
        iZone[382] = 2;
        iZone[383] = 2;
        iZone[384] = 2;
        iZone[385] = 2;
        iZone[386] = 2;
        iZone[387] = 2;
        iZone[388] = 2;
        iZone[389] = 2;
        iZone[390] = 2;
        iZone[391] = 2;
        iZone[392] = 2;
        iZone[393] = 2;
        iZone[394] = 2;
        iZone[395] = 2;
        iZone[396] = 2;
        iZone[397] = 2;
        iZone[398] = 2;
        iZone[399] = 2;
        iZone[400] = 2;
        iZone[401] = 2;
        iZone[402] = 2;
        iZone[403] = 2;
        iZone[404] = 2;
        iZone[405] = 2;
        iZone[406] = 2;
        iZone[407] = 2;
        iZone[408] = 2;
        iZone[409] = 2;
        iZone[410] = 2;
        iZone[411] = 2;
        iZone[412] = 2;
        iZone[413] = 2;
        iZone[414] = 2;
        iZone[415] = 2;
        iZone[416] = 2;
        iZone[417] = 2;
        iZone[418] = 2;
        iZone[419] = 2;
        iZone[420] = 2;
        iZone[421] = 2;
        iZone[422] = 2;
        iZone[423] = 2;
        iZone[424] = 2;
        iZone[425] = 2;
        iZone[426] = 2;
        iZone[427] = 2;
        iZone[428] = 2;
        iZone[429] = 2;
        iZone[430] = 2;
        iZone[431] = 2;
        iZone[432] = 2;
        iZone[433] = 2;
        iZone[434] = 2;
        iZone[435] = 2;
        iZone[436] = 2;
        iZone[437] = 2;
        iZone[438] = 2;
        iZone[439] = 2;
        iZone[440] = 2;
        iZone[441] = 2;
        iZone[442] = 2;
        iZone[443] = 2;
        iZone[444] = 2;
        iZone[445] = 2;
        iZone[446] = 2;
        iZone[447] = 2;
        iZone[448] = 2;
        iZone[449] = 2;
        iZone[450] = 2;
        iZone[451] = 2;
        iZone[452] = 2;
        iZone[453] = 2;
        iZone[454] = 2;
        iZone[455] = 2;
        iZone[456] = 2;
        iZone[457] = 2;
        iZone[458] = 2;
        iZone[459] = 2;
        iZone[460] = 2;
        iZone[461] = 2;
        iZone[462] = 2;
        iZone[463] = 2;
        iZone[464] = 2;
        iZone[465] = 2;
        iZone[466] = 2;
        iZone[467] = 2;
        iZone[468] = 2;
        iZone[469] = 2;
        iZone[470] = 2;
        iZone[471] = 2;
        iZone[472] = 2;
        iZone[473] = 2;
        iZone[474] = 2;
        iZone[475] = 2;
        iZone[476] = 2;
        iZone[477] = 2;
        iZone[478] = 2;
        iZone[479] = 2;
        iZone[480] = 2;
        iZone[481] = 2;
        iZone[482] = 2;
        iZone[483] = 2;
        iZone[484] = 2;
        iZone[485] = 2;
        iZone[486] = 2;
        iZone[487] = 2;
        iZone[488] = 2;
        iZone[489] = 2;
        iZone[490] = 2;
        iZone[491] = 2;
        iZone[492] = 2;
        iZone[493] = 2;
        iZone[494] = 2;
        iZone[495] = 2;
        iZone[496] = 2;
        iZone[497] = 2;
        iZone[498] = 2;
        iZone[499] = 2;
        iZone[500] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  143.469590;
        expectedResult[1] =  102.249092;
        expectedResult[2] =  102.614082;
        expectedResult[3] =  103.072866;
        expectedResult[4] =  105.996728;
        expectedResult[5] =  120.120438;
        expectedResult[6] =  134.567680;
        expectedResult[7] =  138.572802;
        expectedResult[8] =  142.100499;
        expectedResult[9] =  145.625422;
        expectedResult[10] =  149.150707;
        expectedResult[11] =  152.678763;
        expectedResult[12] =  156.215001;
        expectedResult[13] =  159.779387;
        expectedResult[14] =  163.643449;
        expectedResult[15] =  167.189972;
        expectedResult[16] =  171.091169;
        expectedResult[17] =  173.297000;
        expectedResult[18] =  141.772999;
        expectedResult[19] =  142.379377;
        expectedResult[20] =  142.624158;
        expectedResult[21] =  142.737480;
        expectedResult[22] =  142.827932;
        expectedResult[23] =  142.904851;
        expectedResult[24] =  142.972811;
        expectedResult[25] =  143.034440;
        expectedResult[26] =  143.091403;
        expectedResult[27] =  143.144830;
        expectedResult[28] =  143.195535;
        expectedResult[29] =  143.244128;
        expectedResult[30] =  143.291089;
        expectedResult[31] =  143.336807;
        expectedResult[32] =  143.381609;
        expectedResult[33] =  143.425784;
        expectedResult[34] =  143.469590;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 49;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test16() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_flat_land_5km_Dense_Suburban
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 51.200000;
        double phi_r = 50.730000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 2.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 49.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 12.000000;
        double dk_t = 0.020000;
        double ha_r = 12.000000;
        double dk_r = 0.020000;
        double[] rDist = new double[501];
        double[] rHeight = new double[501];
        int[] iZone = new int[501];
        rDist[0] = 0.000000;
        rDist[1] = 0.010000;
        rDist[2] = 0.020000;
        rDist[3] = 0.030000;
        rDist[4] = 0.040000;
        rDist[5] = 0.050000;
        rDist[6] = 0.060000;
        rDist[7] = 0.070000;
        rDist[8] = 0.080000;
        rDist[9] = 0.090000;
        rDist[10] = 0.100000;
        rDist[11] = 0.110000;
        rDist[12] = 0.120000;
        rDist[13] = 0.130000;
        rDist[14] = 0.140000;
        rDist[15] = 0.150000;
        rDist[16] = 0.160000;
        rDist[17] = 0.170000;
        rDist[18] = 0.180000;
        rDist[19] = 0.190000;
        rDist[20] = 0.200000;
        rDist[21] = 0.210000;
        rDist[22] = 0.220000;
        rDist[23] = 0.230000;
        rDist[24] = 0.240000;
        rDist[25] = 0.250000;
        rDist[26] = 0.260000;
        rDist[27] = 0.270000;
        rDist[28] = 0.280000;
        rDist[29] = 0.290000;
        rDist[30] = 0.300000;
        rDist[31] = 0.310000;
        rDist[32] = 0.320000;
        rDist[33] = 0.330000;
        rDist[34] = 0.340000;
        rDist[35] = 0.350000;
        rDist[36] = 0.360000;
        rDist[37] = 0.370000;
        rDist[38] = 0.380000;
        rDist[39] = 0.390000;
        rDist[40] = 0.400000;
        rDist[41] = 0.410000;
        rDist[42] = 0.420000;
        rDist[43] = 0.430000;
        rDist[44] = 0.440000;
        rDist[45] = 0.450000;
        rDist[46] = 0.460000;
        rDist[47] = 0.470000;
        rDist[48] = 0.480000;
        rDist[49] = 0.490000;
        rDist[50] = 0.500000;
        rDist[51] = 0.510000;
        rDist[52] = 0.520000;
        rDist[53] = 0.530000;
        rDist[54] = 0.540000;
        rDist[55] = 0.550000;
        rDist[56] = 0.560000;
        rDist[57] = 0.570000;
        rDist[58] = 0.580000;
        rDist[59] = 0.590000;
        rDist[60] = 0.600000;
        rDist[61] = 0.610000;
        rDist[62] = 0.620000;
        rDist[63] = 0.630000;
        rDist[64] = 0.640000;
        rDist[65] = 0.650000;
        rDist[66] = 0.660000;
        rDist[67] = 0.670000;
        rDist[68] = 0.680000;
        rDist[69] = 0.690000;
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        iZone[387] = 2;
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        iZone[389] = 2;
        iZone[390] = 2;
        iZone[391] = 2;
        iZone[392] = 2;
        iZone[393] = 2;
        iZone[394] = 2;
        iZone[395] = 2;
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        iZone[397] = 2;
        iZone[398] = 2;
        iZone[399] = 2;
        iZone[400] = 2;
        iZone[401] = 2;
        iZone[402] = 2;
        iZone[403] = 2;
        iZone[404] = 2;
        iZone[405] = 2;
        iZone[406] = 2;
        iZone[407] = 2;
        iZone[408] = 2;
        iZone[409] = 2;
        iZone[410] = 2;
        iZone[411] = 2;
        iZone[412] = 2;
        iZone[413] = 2;
        iZone[414] = 2;
        iZone[415] = 2;
        iZone[416] = 2;
        iZone[417] = 2;
        iZone[418] = 2;
        iZone[419] = 2;
        iZone[420] = 2;
        iZone[421] = 2;
        iZone[422] = 2;
        iZone[423] = 2;
        iZone[424] = 2;
        iZone[425] = 2;
        iZone[426] = 2;
        iZone[427] = 2;
        iZone[428] = 2;
        iZone[429] = 2;
        iZone[430] = 2;
        iZone[431] = 2;
        iZone[432] = 2;
        iZone[433] = 2;
        iZone[434] = 2;
        iZone[435] = 2;
        iZone[436] = 2;
        iZone[437] = 2;
        iZone[438] = 2;
        iZone[439] = 2;
        iZone[440] = 2;
        iZone[441] = 2;
        iZone[442] = 2;
        iZone[443] = 2;
        iZone[444] = 2;
        iZone[445] = 2;
        iZone[446] = 2;
        iZone[447] = 2;
        iZone[448] = 2;
        iZone[449] = 2;
        iZone[450] = 2;
        iZone[451] = 2;
        iZone[452] = 2;
        iZone[453] = 2;
        iZone[454] = 2;
        iZone[455] = 2;
        iZone[456] = 2;
        iZone[457] = 2;
        iZone[458] = 2;
        iZone[459] = 2;
        iZone[460] = 2;
        iZone[461] = 2;
        iZone[462] = 2;
        iZone[463] = 2;
        iZone[464] = 2;
        iZone[465] = 2;
        iZone[466] = 2;
        iZone[467] = 2;
        iZone[468] = 2;
        iZone[469] = 2;
        iZone[470] = 2;
        iZone[471] = 2;
        iZone[472] = 2;
        iZone[473] = 2;
        iZone[474] = 2;
        iZone[475] = 2;
        iZone[476] = 2;
        iZone[477] = 2;
        iZone[478] = 2;
        iZone[479] = 2;
        iZone[480] = 2;
        iZone[481] = 2;
        iZone[482] = 2;
        iZone[483] = 2;
        iZone[484] = 2;
        iZone[485] = 2;
        iZone[486] = 2;
        iZone[487] = 2;
        iZone[488] = 2;
        iZone[489] = 2;
        iZone[490] = 2;
        iZone[491] = 2;
        iZone[492] = 2;
        iZone[493] = 2;
        iZone[494] = 2;
        iZone[495] = 2;
        iZone[496] = 2;
        iZone[497] = 2;
        iZone[498] = 2;
        iZone[499] = 2;
        iZone[500] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  114.738442;
        expectedResult[1] =  103.347938;
        expectedResult[2] =  103.640403;
        expectedResult[3] =  104.009361;
        expectedResult[4] =  104.510181;
        expectedResult[5] =  105.839825;
        expectedResult[6] =  107.046025;
        expectedResult[7] =  109.843072;
        expectedResult[8] =  113.369336;
        expectedResult[9] =  116.894296;
        expectedResult[10] =  120.419624;
        expectedResult[11] =  123.947756;
        expectedResult[12] =  127.484170;
        expectedResult[13] =  131.049078;
        expectedResult[14] =  134.917330;
        expectedResult[15] =  138.464156;
        expectedResult[16] =  142.369998;
        expectedResult[17] =  144.588733;
        expectedResult[18] =  113.025801;
        expectedResult[19] =  113.637915;
        expectedResult[20] =  113.885012;
        expectedResult[21] =  113.999405;
        expectedResult[22] =  114.090714;
        expectedResult[23] =  114.168360;
        expectedResult[24] =  114.236963;
        expectedResult[25] =  114.299176;
        expectedResult[26] =  114.356677;
        expectedResult[27] =  114.410610;
        expectedResult[28] =  114.461794;
        expectedResult[29] =  114.510847;
        expectedResult[30] =  114.558252;
        expectedResult[31] =  114.604402;
        expectedResult[32] =  114.649629;
        expectedResult[33] =  114.694221;
        expectedResult[34] =  114.738442;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 49;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }

    @Test
    public void test17() {
        P452ver17PropagationModel calculator = new P452ver17PropagationModel();
// Path profile: test_profile_flat_land_5km_Dense_Urban
        double press = 1013.000000;
        double DN = 53.000000;
        double temp = 15.000000;
        double phi_t = 51.200000;
        double phi_r = 50.730000;
        double Gt = 20.000000;
        double Gr = 5.000000;
        double N0 = 328.000000;
        double pol = 2.000000;
        double dct = 500.000000;
        double dcr = 500.000000;
        double f = 2.000000;
        double p = 49.000000;
        double htg = 10.000000;
        double hrg = 10.000000;
        double ha_t = 25.000000;
        double dk_t = 0.020000;
        double ha_r = 25.000000;
        double dk_r = 0.020000;
        double[] rDist = new double[501];
        double[] rHeight = new double[501];
        int[] iZone = new int[501];
        rDist[0] = 0.000000;
        rDist[1] = 0.010000;
        rDist[2] = 0.020000;
        rDist[3] = 0.030000;
        rDist[4] = 0.040000;
        rDist[5] = 0.050000;
        rDist[6] = 0.060000;
        rDist[7] = 0.070000;
        rDist[8] = 0.080000;
        rDist[9] = 0.090000;
        rDist[10] = 0.100000;
        rDist[11] = 0.110000;
        rDist[12] = 0.120000;
        rDist[13] = 0.130000;
        rDist[14] = 0.140000;
        rDist[15] = 0.150000;
        rDist[16] = 0.160000;
        rDist[17] = 0.170000;
        rDist[18] = 0.180000;
        rDist[19] = 0.190000;
        rDist[20] = 0.200000;
        rDist[21] = 0.210000;
        rDist[22] = 0.220000;
        rDist[23] = 0.230000;
        rDist[24] = 0.240000;
        rDist[25] = 0.250000;
        rDist[26] = 0.260000;
        rDist[27] = 0.270000;
        rDist[28] = 0.280000;
        rDist[29] = 0.290000;
        rDist[30] = 0.300000;
        rDist[31] = 0.310000;
        rDist[32] = 0.320000;
        rDist[33] = 0.330000;
        rDist[34] = 0.340000;
        rDist[35] = 0.350000;
        rDist[36] = 0.360000;
        rDist[37] = 0.370000;
        rDist[38] = 0.380000;
        rDist[39] = 0.390000;
        rDist[40] = 0.400000;
        rDist[41] = 0.410000;
        rDist[42] = 0.420000;
        rDist[43] = 0.430000;
        rDist[44] = 0.440000;
        rDist[45] = 0.450000;
        rDist[46] = 0.460000;
        rDist[47] = 0.470000;
        rDist[48] = 0.480000;
        rDist[49] = 0.490000;
        rDist[50] = 0.500000;
        rDist[51] = 0.510000;
        rDist[52] = 0.520000;
        rDist[53] = 0.530000;
        rDist[54] = 0.540000;
        rDist[55] = 0.550000;
        rDist[56] = 0.560000;
        rDist[57] = 0.570000;
        rDist[58] = 0.580000;
        rDist[59] = 0.590000;
        rDist[60] = 0.600000;
        rDist[61] = 0.610000;
        rDist[62] = 0.620000;
        rDist[63] = 0.630000;
        rDist[64] = 0.640000;
        rDist[65] = 0.650000;
        rDist[66] = 0.660000;
        rDist[67] = 0.670000;
        rDist[68] = 0.680000;
        rDist[69] = 0.690000;
        rDist[70] = 0.700000;
        rDist[71] = 0.710000;
        rDist[72] = 0.720000;
        rDist[73] = 0.730000;
        rDist[74] = 0.740000;
        rDist[75] = 0.750000;
        rDist[76] = 0.760000;
        rDist[77] = 0.770000;
        rDist[78] = 0.780000;
        rDist[79] = 0.790000;
        rDist[80] = 0.800000;
        rDist[81] = 0.810000;
        rDist[82] = 0.820000;
        rDist[83] = 0.830000;
        rDist[84] = 0.840000;
        rDist[85] = 0.850000;
        rDist[86] = 0.860000;
        rDist[87] = 0.870000;
        rDist[88] = 0.880000;
        rDist[89] = 0.890000;
        rDist[90] = 0.900000;
        rDist[91] = 0.910000;
        rDist[92] = 0.920000;
        rDist[93] = 0.930000;
        rDist[94] = 0.940000;
        rDist[95] = 0.950000;
        rDist[96] = 0.960000;
        rDist[97] = 0.970000;
        rDist[98] = 0.980000;
        rDist[99] = 0.990000;
        rDist[100] = 1.000000;
        rDist[101] = 1.010000;
        rDist[102] = 1.020000;
        rDist[103] = 1.030000;
        rDist[104] = 1.040000;
        rDist[105] = 1.050000;
        rDist[106] = 1.060000;
        rDist[107] = 1.070000;
        rDist[108] = 1.080000;
        rDist[109] = 1.090000;
        rDist[110] = 1.100000;
        rDist[111] = 1.110000;
        rDist[112] = 1.120000;
        rDist[113] = 1.130000;
        rDist[114] = 1.140000;
        rDist[115] = 1.150000;
        rDist[116] = 1.160000;
        rDist[117] = 1.170000;
        rDist[118] = 1.180000;
        rDist[119] = 1.190000;
        rDist[120] = 1.200000;
        rDist[121] = 1.210000;
        rDist[122] = 1.220000;
        rDist[123] = 1.230000;
        rDist[124] = 1.240000;
        rDist[125] = 1.250000;
        rDist[126] = 1.260000;
        rDist[127] = 1.270000;
        rDist[128] = 1.280000;
        rDist[129] = 1.290000;
        rDist[130] = 1.300000;
        rDist[131] = 1.310000;
        rDist[132] = 1.320000;
        rDist[133] = 1.330000;
        rDist[134] = 1.340000;
        rDist[135] = 1.350000;
        rDist[136] = 1.360000;
        rDist[137] = 1.370000;
        rDist[138] = 1.380000;
        rDist[139] = 1.390000;
        rDist[140] = 1.400000;
        rDist[141] = 1.410000;
        rDist[142] = 1.420000;
        rDist[143] = 1.430000;
        rDist[144] = 1.440000;
        rDist[145] = 1.450000;
        rDist[146] = 1.460000;
        rDist[147] = 1.470000;
        rDist[148] = 1.480000;
        rDist[149] = 1.490000;
        rDist[150] = 1.500000;
        rDist[151] = 1.510000;
        rDist[152] = 1.520000;
        rDist[153] = 1.530000;
        rDist[154] = 1.540000;
        rDist[155] = 1.550000;
        rDist[156] = 1.560000;
        rDist[157] = 1.570000;
        rDist[158] = 1.580000;
        rDist[159] = 1.590000;
        rDist[160] = 1.600000;
        rDist[161] = 1.610000;
        rDist[162] = 1.620000;
        rDist[163] = 1.630000;
        rDist[164] = 1.640000;
        rDist[165] = 1.650000;
        rDist[166] = 1.660000;
        rDist[167] = 1.670000;
        rDist[168] = 1.680000;
        rDist[169] = 1.690000;
        rDist[170] = 1.700000;
        rDist[171] = 1.710000;
        rDist[172] = 1.720000;
        rDist[173] = 1.730000;
        rDist[174] = 1.740000;
        rDist[175] = 1.750000;
        rDist[176] = 1.760000;
        rDist[177] = 1.770000;
        rDist[178] = 1.780000;
        rDist[179] = 1.790000;
        rDist[180] = 1.800000;
        rDist[181] = 1.810000;
        rDist[182] = 1.820000;
        rDist[183] = 1.830000;
        rDist[184] = 1.840000;
        rDist[185] = 1.850000;
        rDist[186] = 1.860000;
        rDist[187] = 1.870000;
        rDist[188] = 1.880000;
        rDist[189] = 1.890000;
        rDist[190] = 1.900000;
        rDist[191] = 1.910000;
        rDist[192] = 1.920000;
        rDist[193] = 1.930000;
        rDist[194] = 1.940000;
        rDist[195] = 1.950000;
        rDist[196] = 1.960000;
        rDist[197] = 1.970000;
        rDist[198] = 1.980000;
        rDist[199] = 1.990000;
        rDist[200] = 2.000000;
        rDist[201] = 2.010000;
        rDist[202] = 2.020000;
        rDist[203] = 2.030000;
        rDist[204] = 2.040000;
        rDist[205] = 2.050000;
        rDist[206] = 2.060000;
        rDist[207] = 2.070000;
        rDist[208] = 2.080000;
        rDist[209] = 2.090000;
        rDist[210] = 2.100000;
        rDist[211] = 2.110000;
        rDist[212] = 2.120000;
        rDist[213] = 2.130000;
        rDist[214] = 2.140000;
        rDist[215] = 2.150000;
        rDist[216] = 2.160000;
        rDist[217] = 2.170000;
        rDist[218] = 2.180000;
        rDist[219] = 2.190000;
        rDist[220] = 2.200000;
        rDist[221] = 2.210000;
        rDist[222] = 2.220000;
        rDist[223] = 2.230000;
        rDist[224] = 2.240000;
        rDist[225] = 2.250000;
        rDist[226] = 2.260000;
        rDist[227] = 2.270000;
        rDist[228] = 2.280000;
        rDist[229] = 2.290000;
        rDist[230] = 2.300000;
        rDist[231] = 2.310000;
        rDist[232] = 2.320000;
        rDist[233] = 2.330000;
        rDist[234] = 2.340000;
        rDist[235] = 2.350000;
        rDist[236] = 2.360000;
        rDist[237] = 2.370000;
        rDist[238] = 2.380000;
        rDist[239] = 2.390000;
        rDist[240] = 2.400000;
        rDist[241] = 2.410000;
        rDist[242] = 2.420000;
        rDist[243] = 2.430000;
        rDist[244] = 2.440000;
        rDist[245] = 2.450000;
        rDist[246] = 2.460000;
        rDist[247] = 2.470000;
        rDist[248] = 2.480000;
        rDist[249] = 2.490000;
        rDist[250] = 2.500000;
        rDist[251] = 2.510000;
        rDist[252] = 2.520000;
        rDist[253] = 2.530000;
        rDist[254] = 2.540000;
        rDist[255] = 2.550000;
        rDist[256] = 2.560000;
        rDist[257] = 2.570000;
        rDist[258] = 2.580000;
        rDist[259] = 2.590000;
        rDist[260] = 2.600000;
        rDist[261] = 2.610000;
        rDist[262] = 2.620000;
        rDist[263] = 2.630000;
        rDist[264] = 2.640000;
        rDist[265] = 2.650000;
        rDist[266] = 2.660000;
        rDist[267] = 2.670000;
        rDist[268] = 2.680000;
        rDist[269] = 2.690000;
        rDist[270] = 2.700000;
        rDist[271] = 2.710000;
        rDist[272] = 2.720000;
        rDist[273] = 2.730000;
        rDist[274] = 2.740000;
        rDist[275] = 2.750000;
        rDist[276] = 2.760000;
        rDist[277] = 2.770000;
        rDist[278] = 2.780000;
        rDist[279] = 2.790000;
        rDist[280] = 2.800000;
        rDist[281] = 2.810000;
        rDist[282] = 2.820000;
        rDist[283] = 2.830000;
        rDist[284] = 2.840000;
        rDist[285] = 2.850000;
        rDist[286] = 2.860000;
        rDist[287] = 2.870000;
        rDist[288] = 2.880000;
        rDist[289] = 2.890000;
        rDist[290] = 2.900000;
        rDist[291] = 2.910000;
        rDist[292] = 2.920000;
        rDist[293] = 2.930000;
        rDist[294] = 2.940000;
        rDist[295] = 2.950000;
        rDist[296] = 2.960000;
        rDist[297] = 2.970000;
        rDist[298] = 2.980000;
        rDist[299] = 2.990000;
        rDist[300] = 3.000000;
        rDist[301] = 3.010000;
        rDist[302] = 3.020000;
        rDist[303] = 3.030000;
        rDist[304] = 3.040000;
        rDist[305] = 3.050000;
        rDist[306] = 3.060000;
        rDist[307] = 3.070000;
        rDist[308] = 3.080000;
        rDist[309] = 3.090000;
        rDist[310] = 3.100000;
        rDist[311] = 3.110000;
        rDist[312] = 3.120000;
        rDist[313] = 3.130000;
        rDist[314] = 3.140000;
        rDist[315] = 3.150000;
        rDist[316] = 3.160000;
        rDist[317] = 3.170000;
        rDist[318] = 3.180000;
        rDist[319] = 3.190000;
        rDist[320] = 3.200000;
        rDist[321] = 3.210000;
        rDist[322] = 3.220000;
        rDist[323] = 3.230000;
        rDist[324] = 3.240000;
        rDist[325] = 3.250000;
        rDist[326] = 3.260000;
        rDist[327] = 3.270000;
        rDist[328] = 3.280000;
        rDist[329] = 3.290000;
        rDist[330] = 3.300000;
        rDist[331] = 3.310000;
        rDist[332] = 3.320000;
        rDist[333] = 3.330000;
        rDist[334] = 3.340000;
        rDist[335] = 3.350000;
        rDist[336] = 3.360000;
        rDist[337] = 3.370000;
        rDist[338] = 3.380000;
        rDist[339] = 3.390000;
        rDist[340] = 3.400000;
        rDist[341] = 3.410000;
        rDist[342] = 3.420000;
        rDist[343] = 3.430000;
        rDist[344] = 3.440000;
        rDist[345] = 3.450000;
        rDist[346] = 3.460000;
        rDist[347] = 3.470000;
        rDist[348] = 3.480000;
        rDist[349] = 3.490000;
        rDist[350] = 3.500000;
        rDist[351] = 3.510000;
        rDist[352] = 3.520000;
        rDist[353] = 3.530000;
        rDist[354] = 3.540000;
        rDist[355] = 3.550000;
        rDist[356] = 3.560000;
        rDist[357] = 3.570000;
        rDist[358] = 3.580000;
        rDist[359] = 3.590000;
        rDist[360] = 3.600000;
        rDist[361] = 3.610000;
        rDist[362] = 3.620000;
        rDist[363] = 3.630000;
        rDist[364] = 3.640000;
        rDist[365] = 3.650000;
        rDist[366] = 3.660000;
        rDist[367] = 3.670000;
        rDist[368] = 3.680000;
        rDist[369] = 3.690000;
        rDist[370] = 3.700000;
        rDist[371] = 3.710000;
        rDist[372] = 3.720000;
        rDist[373] = 3.730000;
        rDist[374] = 3.740000;
        rDist[375] = 3.750000;
        rDist[376] = 3.760000;
        rDist[377] = 3.770000;
        rDist[378] = 3.780000;
        rDist[379] = 3.790000;
        rDist[380] = 3.800000;
        rDist[381] = 3.810000;
        rDist[382] = 3.820000;
        rDist[383] = 3.830000;
        rDist[384] = 3.840000;
        rDist[385] = 3.850000;
        rDist[386] = 3.860000;
        rDist[387] = 3.870000;
        rDist[388] = 3.880000;
        rDist[389] = 3.890000;
        rDist[390] = 3.900000;
        rDist[391] = 3.910000;
        rDist[392] = 3.920000;
        rDist[393] = 3.930000;
        rDist[394] = 3.940000;
        rDist[395] = 3.950000;
        rDist[396] = 3.960000;
        rDist[397] = 3.970000;
        rDist[398] = 3.980000;
        rDist[399] = 3.990000;
        rDist[400] = 4.000000;
        rDist[401] = 4.010000;
        rDist[402] = 4.020000;
        rDist[403] = 4.030000;
        rDist[404] = 4.040000;
        rDist[405] = 4.050000;
        rDist[406] = 4.060000;
        rDist[407] = 4.070000;
        rDist[408] = 4.080000;
        rDist[409] = 4.090000;
        rDist[410] = 4.100000;
        rDist[411] = 4.110000;
        rDist[412] = 4.120000;
        rDist[413] = 4.130000;
        rDist[414] = 4.140000;
        rDist[415] = 4.150000;
        rDist[416] = 4.160000;
        rDist[417] = 4.170000;
        rDist[418] = 4.180000;
        rDist[419] = 4.190000;
        rDist[420] = 4.200000;
        rDist[421] = 4.210000;
        rDist[422] = 4.220000;
        rDist[423] = 4.230000;
        rDist[424] = 4.240000;
        rDist[425] = 4.250000;
        rDist[426] = 4.260000;
        rDist[427] = 4.270000;
        rDist[428] = 4.280000;
        rDist[429] = 4.290000;
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        iZone[475] = 2;
        iZone[476] = 2;
        iZone[477] = 2;
        iZone[478] = 2;
        iZone[479] = 2;
        iZone[480] = 2;
        iZone[481] = 2;
        iZone[482] = 2;
        iZone[483] = 2;
        iZone[484] = 2;
        iZone[485] = 2;
        iZone[486] = 2;
        iZone[487] = 2;
        iZone[488] = 2;
        iZone[489] = 2;
        iZone[490] = 2;
        iZone[491] = 2;
        iZone[492] = 2;
        iZone[493] = 2;
        iZone[494] = 2;
        iZone[495] = 2;
        iZone[496] = 2;
        iZone[497] = 2;
        iZone[498] = 2;
        iZone[499] = 2;
        iZone[500] = 2;
        double[] ff = new double[18];
        double[] pp = new double[17];
        ff[0] = 2.000000;
        ff[1] = 0.100000;
        ff[2] = 0.150000;
        ff[3] = 0.225000;
        ff[4] = 0.337500;
        ff[5] = 0.506250;
        ff[6] = 0.759375;
        ff[7] = 1.139063;
        ff[8] = 1.708594;
        ff[9] = 2.562891;
        ff[10] = 3.844336;
        ff[11] = 5.766504;
        ff[12] = 8.649756;
        ff[13] = 12.974634;
        ff[14] = 19.461951;
        ff[15] = 29.192926;
        ff[16] = 43.789389;
        ff[17] = 50.000000;
        pp[0] = 1.000000;
        pp[1] = 4.000000;
        pp[2] = 7.000000;
        pp[3] = 10.000000;
        pp[4] = 13.000000;
        pp[5] = 16.000000;
        pp[6] = 19.000000;
        pp[7] = 22.000000;
        pp[8] = 25.000000;
        pp[9] = 28.000000;
        pp[10] = 31.000000;
        pp[11] = 34.000000;
        pp[12] = 37.000000;
        pp[13] = 40.000000;
        pp[14] = 43.000000;
        pp[15] = 46.000000;
        pp[16] = 49.000000;
// Results obtained from the MATLAB implementation of ITU-R P.452-17
// available on the ITU-R SG3 sharefolder
        double[] expectedResult;
        expectedResult = new double[35];
        expectedResult[0] =  149.347206;
        expectedResult[1] =  100.328731;
        expectedResult[2] =  100.580206;
        expectedResult[3] =  102.546733;
        expectedResult[4] =  107.893162;
        expectedResult[5] =  123.934844;
        expectedResult[6] =  140.358478;
        expectedResult[7] =  144.450052;
        expectedResult[8] =  147.978099;
        expectedResult[9] =  151.503060;
        expectedResult[10] =  155.028387;
        expectedResult[11] =  158.556520;
        expectedResult[12] =  162.092934;
        expectedResult[13] =  165.657841;
        expectedResult[14] =  169.526094;
        expectedResult[15] =  173.072919;
        expectedResult[16] =  176.978761;
        expectedResult[17] =  179.197497;
        expectedResult[18] =  147.634564;
        expectedResult[19] =  148.246679;
        expectedResult[20] =  148.493775;
        expectedResult[21] =  148.608169;
        expectedResult[22] =  148.699477;
        expectedResult[23] =  148.777124;
        expectedResult[24] =  148.845727;
        expectedResult[25] =  148.907939;
        expectedResult[26] =  148.965441;
        expectedResult[27] =  149.019374;
        expectedResult[28] =  149.070558;
        expectedResult[29] =  149.119611;
        expectedResult[30] =  149.167016;
        expectedResult[31] =  149.213166;
        expectedResult[32] =  149.258392;
        expectedResult[33] =  149.302985;
        expectedResult[34] =  149.347206;
        for (int ii = 1; ii <= 18; ii++) {
            double pfix = 49;
            double result = calculator.tl_p452(ff[ii-1], pfix, rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1], result);
        }
        for (int ii = 1; ii <= 17; ii++) {
            double ffix = 2;
            double result = calculator.tl_p452(ffix, pp[ii-1], rDist, rHeight, iZone, htg, hrg, phi_t, phi_r, Gt, Gr, pol, dct, dcr, DN, N0, press, temp, ha_t, ha_r, dk_t, dk_r, false);
            util.assertDoubleEquals(expectedResult[ii-1+18], result);
        }
    }


}
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Similarly to Recommendation ITU-R P.452-16, Recommendation ITU-R P.452-17 is implemented in SEAMCAT for clear-air portion of propagation over flat (zero-height) land-only terrain profiles with clutter at the Tx and Rx sides. No coastal or sea radio-climatic zones are accounted for. The new version of Recommendation ITU-R P.452-17 has the free-space basic transmission loss aligned with Recommendation ITU-R P-525.

Description of the model

Recommendation ITU-R P.452-17 contains an interference-prediction procedure for the evaluation of the available propagation loss over unwanted signal paths between stations on the surface of the Earth for frequencies above about 0.1 GHz to 50 GHz, with losses not exceeded for time percentages over the range 0.001 ≤ p ≤ 50% and up to a distance limit of 10 000 km.

Recommendation ITU-R P.452 considers different propagation mechanisms, such as line-of-sight, diffraction, tropospheric scatter, surface ducting, elevated layer reflection and refraction and combines them into an overall prediction in which the statistics of dominance by one mechanism merge gradually into another. SEAMCAT P.452-17 implementation allows the user to choose to compute the diffraction-only portion of the propagation loss.

SEAMCAT Specific Implementation



SEAMCAT propagation model P.452-16 implements clutter loss following the method of application as described in Recommendation ITU-R P.452-16: (i) the basic propagation loss is first computed for the portion of the path between the positions of Tx and Rx clutter, considering nominal clutter heights as antenna heights; (ii) the additional loss due to protection from local clutter is then added to the previously computed basic propagation loss. There is a predefined set of clutter (ground-cover) categories that the user can choose from: Suburban, Dense suburban, Urban, Dense urban, High-rise urban, and Industrial zone. The user can also specify other clutter conditions by introducing the corresponding Tx/Rx clutter nominal heights as well as the distances from Tx/Rx antennas.

The additional clutter loss is not suitable if the clutter distance dk from the respective terminal is not significantly greater than the distance between the terminals d. In SEAMCAT, the clutter loss is computed only if





Input parameters
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Figure 1: SEAMCAT Interface to the ITU-R P.452-17 model





Table 1 : ITU-R P.452-17 propagation model

		Description

		Symbol

		Type

		Unit

		Comments



		Variation

		-

		boolean

		-

		Variation in path loss.



		Diffraction only

		-

		boolean

		-

		Select to compute only the diffraction component of the propagation model



		Water concentration

		ρ

		S

		g/m3

		water vapour density (default 3 g/m3)



		Surface pressure

		P

		S

		hPa

		Surface pressure 
(default 1013.25 hPa)



		Refraction index gradient

		ΔN

		S

		1/km

		The average radio-refractive index lapse-rate through the lowest 1 km of the atmosphere, provides the data upon which the appropriate effective Earth radius can be calculated. Note that ΔN is a positive quantity.



		Surface temperature

		T

		S

		Degree Celsius

		Surface temperature 
(default 15 degree Celsius)



		Latitude

		

		S

		Degree

		Latitude of the path-centre location between Tx and Rx



		Antenna gain at the Tx

		Gt

		S

		dB

		Antenna gain of the Tx in the direction of the horizon along the great-circle interference path (dBi)



		Antenna gain at the Rx

		Gr

		S

		dB

		Antenna gain of the Rx in the direction of the horizon along the great-circle interference path (dBi)



		Sea level surface refractivity

		N0

		S

		-

		The sea-level surface refractivity used by the troposcatter model as a measure of location variability of the troposcatter scatter mechanism. The correct values of ΔN and N0 are given by the path-centre values as derived from the appropriate maps.



		Time Percentage

		p

		D

		%

		Percentage time variability for which the basic transmission loss is not exceeded.



		Local clutter conditions at Tx/Rx

		

		

		

		Predefined set of clutter (ground-cover) categories that the user can choose from: Suburban, Dense suburban, Urban, Dense urban, High-rise urban, and Industrial zone.



		User specified clutter nominal heights at Tx/Rx

		ha_t, ha_r

		S

		m

		Clutter nominal heights specified by user if different from above



		User specified clutter nominal distance from Tx/Rx

		dk_t, dk_r

		S

		m

		Nominal clutter distances from Tx/Rx antenna, specified by user  if different from above
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