ABCD_method.m User’s Manual

ABCD_method.m simulates cascaded setup of transmission lines.  By default, it also loads a 5-section open-ended measured result for comparison purposes.  Most of the lines in the Matlab code are commented, so the user can easily modify them as needed.  
The simulation program includes the following files:
ABCD_method.m 
-   The main program

RG58.m           -   A function that calculates the characteristic impedance and propagation constant of RG58

RG59BU.m      -   A function that calculates the characteristic impedance and propagation constant of RG59B/U

RG62.m           -   A function that calculates the characteristic impedance and propagation constant of RG62

TDR3.dat         -   A measured TDR response of Campbell Scientific TDR100 for comparison purposes.

ABCD_method.m 

In general, the user enters the setup information from line 7 to line 10.

Line 7 example:

wire_type={'RG58', 'RG59BU', 'RG58', 'RG62', 'RG58'}; %wire type
There are 3 possible parameters in this line.  They are RG58, RG59BU and RG62.  These are the coaxial cable types and the parameters are “case sensitive”.  The left most is the wire that is right after the test source.  In this case, it is the TDR100 tester from Campbell Scientific.  The right most parameter is the last wire section that is connected to the load, which is the end of the transmission line.  Give a diagram for this example with types, lengths, connection to load.
Line 8 example:

wire_length=[17.2, 2.77, 0.33, 2.2*(66/84), 3.68];   %length in meters (VOP normalize to RG58)
This line describes the wire lengths.  The default velocity of propagation (VOP) is normalized to RG58.  Therefore, if the transmission line has the same VOP as RG58 (66% speed of light), just enter the physical length of it.  However, if the VOP is different from that of RG58, the wire length has to be normalized to RG58.  RG59B/U for example, has a VOP of 84% speed of light.  The normalization factor would be RG58/RG59=66/84.  Based on the number of elements in line 8, the program automatically determines the number of sections to be simulated.
Line 9 example:

 Load_R=10^6;                        %Resistive Load (ohms)
This line defines the real part of the load.  Enter a large number (>9999) if it is an open or a small number (~0) for the case of short circuit.
Line 10 example:

Load_I=10^-12;                      %Imaginary part (ohms)
This line defines the imaginary part of the load. Positive values represent inductors (jwL) and negative values represent capacitors (1 / (jwC))
%**** ABCD_method.m simulates the TDR response of cascaded transmission lines
%using ABCD method.  It also compares the simulated result with the
%measured one. ****
clear all; close all;
%---------------  User Input Area  ---------------
wire_type={'RG58', 'RG59BU', 'RG58', 'RG62', 'RG58'}; %wire type
wire_length=[17.2, 2.77, 0.33, 2.2*(66/84), 3.68];   %length in meters (VOP normalize to RG58)
Load_R=0;                         %Real Part (ohms)
Load_I=10^-12;                      %Imaginary part
%------------  End of User Input Area  -------------
n=length(wire_length);      %number of sections
c=3*10^8;                   %speed of light
ns=10^-9;                   %nano second;
N=5000;                     %total freq steps
samp_freq=10^9;             %sampling freq
dt=1/samp_freq;             %sampling period
t=dt*(0:N-1);               %create t array for time-domain signal
df=1/(N*dt);                %freq steps
f=df*(0:N-1)+10^-6;         %freq distribution, start 10^-6 to avoid DC
y=[zeros(1,0.5*N-1), .5, ones(1,0.5*N)]; %a step function with rise time of 2ns
Y=fft(y);                   %Step function in freq domain
w=2*pi*f;                                           %angular frequency
% ZL=Load_R+i*w*Load_L+(1./(i*w*Load_C));      %Complex Load
ZL=Load_R+i.*w*Load_I;
for s=1:n                                           %determine wire type, find Z & Gamma, Alpha & Beta
    wire=char(wire_type(s));
    switch upper(wire)                      
        case 'RG58'
            [Z(s,:),Gamma(s,:)]=RG58(f);
        case 'RG59BU'
            [Z(s,:),Gamma(s,:)]=RG59BU(f);
        case 'RG62'
            [Z(s,:),Gamma(s,:)]=RG62(f);
    end
end
L=wire_length;                                       %Array for wire lengths
Zs=50*ones(1,N);                                 %if fixed Zs, assume 50 ohms for now
for x=1:N
    M0=[1 Zs(x); 0 1];                      %source ABCD parameter
    ML=[1 0; 1/ZL(x) 1];                    %Load ABCD parameter
    temp=[1 0; 0 1];                        %dummy variable - unit matrix
    temp2=1;                                %dummy variable
    for s=1:n
        M(s,:,:)=[cosh(Gamma(s,x).*L(s)), Z(s,x)*sinh(Gamma(s,x).*L(s)); sinh(Gamma(s,x).*L(s))/Z(s,x) cosh(Gamma(s,x).*L(s))];  %ABCD matrix of the TxLine
        MM=reshape(M(s,:,:),2,2);           %transform 3D matrix into 2D
        temp=temp*MM;                       %M1*M2...Mn
    end
    ABCD1(:,:,x)=temp*ML;                   %Reverse Transfer Function
    ABCD2(:,:,x)=M0*ABCD1(:,:,x);           %Forward Transfer Function (TDT)
    H(x)=ABCD1(1,1,x)/(ABCD2(1,1,x));       %TDR Transfer Funcion
end
YY=Y.*H;                            %TDR response in freq domain
yy=ifft(YY,'symmetric');            %TDR response in time domain
f1=yy(1:round(N/2));                %first half
f2=yy(round(N/2)+1:end);            %second half
TDR_response=f2-f1;                 %Raw TDR Response
TDR_offset=TDR_response(1);         %offset of the result
TDR=TDR_response-TDR_offset;        %final result
t_index=(0:length(TDR)-1)/10;       %x-axis index
%Load the measured TDR data
Tdata=load('TDR3.DAT');
avg=Tdata(1);
vop=Tdata(2);
points=Tdata(3);
start=Tdata(4);
test_length=Tdata(5);
probe_length=Tdata(6);
offset=Tdata(7)+0.36;                   %TDR100 has 0.36m of offset
mTDR=(Tdata(8:end))';
dx=(test_length+offset)/(points-1);
m_index=(-offset:dx:test_length);     
%plot the figure
plot(m_index,mTDR,'r',t_index,TDR,'b');
legend('measured','simulated', 'Location','Best');
axis([0 100 -1.5 1.5]);
xlabel('Length(m)');
ylabel('Magnitude');
title('L=[17.2, 2.77, 0.33, 2.2, 3.68], Z=[50,75,50,93,50], Open-ended');    
% This function evaluates the characteristic impedance (Z) and the
% propagation constant (Gamma) of RG58 coaxial cable.  The function has a
% format of [Z, Gamma]=RG58(f), where the frequency is in Hertz (Hz)
function [Z, Gamma]=RG58(f)
Er1=2.3;                        %dielectric constant, vop=0.6594
E0=8.854*10^-12;                %vacuum dielectric constant
mu=4*pi*10^-7;                  %permeability
a=0.032*2.54/200;               %conductor radius (m)
b=0.116*2.54/200;               %insulation radius (m)
sigma_c=5.813*10^7;             %conductor's conductivity
Rs=1.988*sqrt((f/10^6)/sigma_c); %intrinsic resistance
R=Rs*(1/a+1/b)/(2*pi);          %per unit resistance (divide by 2pi)
L=mu*log(b/a)/(2*pi);           %per unit inductance
G=10^-12;                       %per unit conductance, small number, but not zero
C=2*pi*Er1*E0/log(b/a);         %per unit capacitance
w=2*pi*f;
Z=sqrt((R+j*w*L)./(G+j*w*C));    %characteristic impedance of RG58
Gamma=sqrt((R+j*w*L).*(G+j*w*C));%propagation constant
% This function evaluates the characteristic impedance (Z) and the
% propagation constant (Gamma) of RG59B/U coaxial cable.  The function has a
% format of [Z, Gamma]=RG59(f), where the frequency is in Hertz (Hz)
function [Z, Gamma]=RG59BU(f)
Er1=2.3;                            %dielectric constant, vop=0.6594
E0=8.854*10^-12;                    %vacuum dielectric constant
mu=4*pi*10^-7;                      %permeability
a=0.57404/2000;                     %conductor radius (m)
b=3.71/2000;                        %insulation radius (m)
sigma_c=5.813*10^7;                 %conductor's conductivity
Rs=1.988*sqrt((f/10^6)/sigma_c);    %intrinsic resistance
R=Rs*(1/a+1/b)/(2*pi);              %per unit resistance
L=mu*log(b/a)/(2*pi);               %per unit inductance
G=10^-12;                           %per unit conductance, small number, but not zero
C=2*pi*Er1*E0/log(b/a);             %per unit capacitance
w=2*pi*f;                           %angular frequency
Z=sqrt((R+j*w*L)./(G+j*w*C));       %characteristic impedance of RG59
Gamma=sqrt((R+j*w*L).*(G+j*w*C));   %propagation constant
% This function evaluates the characteristic impedance (Z) and the
% propagation constant (Gamma) of RG62 coaxial cable.  The function has a
% format of [Z, Gamma]=RG62(f), where the frequency is in Hertz (Hz)
function [Z, Gamma]=RG62(f)
Er1=1.4173;                         %dielectric constant, vop=0.6594
E0=8.854*10^-12;                    %vacuum dielectric constant
mu=4*pi*10^-7;                      %permeability
a=0.64516/2000;                     %conductor radius (m)
b=3.66/2000;                        %insulation radius (m)
sigma_c=5.813*10^7;                 %conductor's conductivity
Rs=1.988*sqrt((f/10^6)/sigma_c);    %intrinsic resistance
R=Rs*(1/a+1/b)/(2*pi);              %per unit resistance
L=mu*log(b/a)/(2*pi);               %per unit inductance
G=10^-12;                           %per unit conductance, small number, but not zero
C=2*pi*Er1*E0/log(b/a);             %per unit capacitance
w=2*pi*f;                           %angular frequency
Z=sqrt((R+j*w*L)./(G+j*w*C));       %characteristic impedance of RG58
Gamma=sqrt((R+j*w*L).*(G+j*w*C));   %propagation constant
The following figure shows an example of the simulated vs. measured results of the program from the example shown above.  
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