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ABSTRACT

Abstract

The aim of this project is to build a passive linear networks simulator for both time and
frequency analysis including mutual effects that may occur between the mutual branches of

the network.

After a quick survey on the different topological network analysis techniques, we based our
work on the Modified Nodal Analysis (MNA) technique which has been selected to
implement our algorithm, The final code is written in MATLAB programming language and
presented as Graphical User Interface (GUI). The results obtained after simulation are

displayed as plots or can be saved in a disk file for further processing.



Introduction

A computer simulation, a computer model, or a computational model is a computer
program, run on a single computer, or a network of computers, that attempts to
simulate an abstract model of a particular system. Computer simulations have become
a useful part of mathematical modeling of many natural systems in physics
(computational physics), astrophysics, chemistry and biology, human systems in
economics, psychology, social science, and engineering. Simulation of a system is
represented as the running of the system's model. It can be used to explore and gain
new insights into new technology and to estimate the performance of systems too
complex for analytical solutions. Computer simulations vary from computer programs
that run a few minutes to network-based groups of computers running for hours to
ongoing simulations that run for days. The scale of events being simulated by
computer simulations has far exceeded anything possible (or perhaps even imaginable)
using traditional paper-and-pencil mathematical modeling. Electronic circuit
simulation uses mathematical models to replicate the behavior of an actual electronic
device or circuit. Simulation software allows for modeling of circuit operation and is
an invaluable analysis tool Due to its highly accurate modeling capability. Simulating
a circuit’s behavior before actually building it can greatly improve design efficiency
by making faulty designs known as such, and providing insight into the behavior of

electronics circuit designs.
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History of simulation:

Computer simulation developed hand-in-hand with the rapid growth of the computer,
following its first large-scale deployment during the Manhattan Project in World War 11 to
model the process of nuclear detonation. It was a simulation of 12 hard spheres using a Monte
Carlo algorithm. Computer simulation is often used as an adjunct to, or substitute for,
modeling systems for which simple closed form analytic solutions are not possible. There are
many types of computer simulations; their common feature is the attempt to generate a sample
of representative scenarios for a model in which a complete enumeration of all possible states

of the model would be prohibitive or impossible.

To simulate circuits on computer, | make use of a particular program called SPICE, which
works by describing a circuit to the computer by means of a listing of text. In essence, this
listing is a kind of computer program in itself, and must adhere to the syntactical rules of the
SPICE language. The computer is then used to process, or "run,” the SPICE program, which
interprets the text listing describing the circuit and outputs the results of its detailed

mathematical analysis, also in text form.

First, we need to have SPICE installed on our computer. As a free program, it is
commonly available on the internet for download, and in formats appropriate for many

different operating systems.

Project objectives and outlines

The main goal of our project is to build a passive circuit’s simulator. Resistors, capacitors,
inductors with mutual effect and independent sources are included to simulate, a text
description (netlist) similar to the SPICE netlist will be used for circuit representation. The
algorithm is implemented using the MATLAB programming language, based on the modified
nodal analysis (MNA) technique used for electrical network analysis. The project report
consists of 3 main chapters: chapter one is a background review about the different
topological network analysis techniques, with a focus on the modified nodal analysis (MNA)
technique. Chapter two deals with the algorithm description and the code implementation.
Finally, in chapter three we will test our product by comparing the results obtained from
simulating several circuits with those from the trustful SPICE software.

.
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CHAPTER 1 TOPOLOGICAL NETWORK ANALYSIS

Chapter One

Topological Network Analysis

1.1 Introduction

Electrical network theory is an important and perhaps the oldest branch of electrical
engineering. There are two aspects of electrical network theory, analysis and design. The
behavior of a network is described by a set of equations determined by Ohm’s law, KVL and
KCL. Those equations depend on the structure or the graph of the network, thus the graph
theory plays a key role in the study of the electrical networks. In this chapter, we will
introduce some principles of the graph theory, and the different topological network analysis
techniques derived from the results obtained from the graph theory, with a focus on the
Modified Nodal Analysis technique.

1.2 Graph Theory

In mathematics and computer science, graph theory is the study of graphs, which are
mathematical structures used to model pair-wise relations between objects. A "graph” in this
context is made up of "vertices" or "nodes™ and lines called edges that connect them. A graph
may be undirected, meaning that there is no distinction between the two vertices associated
with each edge, or its edges may be directed from one vertex to another. In a network analysis
of such a circuit from a topological point of view, the network nodes are the vertices of graph
theory and the network branches are the edges of graph theory.

1.2.1 Basic concepts and Definitions
Graph: It is collection of branches and nodes in which each branch connects two nodes.
Graph of a Network: The diagram that gives network geometry and uses lines with dots at

the ends to represent network element is usually called a graph of a given network. For
example, figure 1.2 represents the network shown in figure 1.1.

2 5
T —
1 L R — §6
L AAA—
4 7

Figure 1.1 Network

-
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@ 2 @ 5 ®

® ¢ ® 7 ®
Figure 1.2 Graph
Sub-graph: A sub-graph is a subset of branches and nodes of a graph for example branches 1,

2, 3 & 4 forms a sub-graph. The sub-graph may be connected or unconnected. One sub- graph
of graph shown in figure 1.2 is shown in figure 1.3.

® 2 @
1 3
® 4 ®

Figure 1.3 Sub-graph

Connected Graph: If there exists at least one path from each node to every other node, then
the graph is said to be connected. In figure 1.4 is illustrated a connected graph.

Figure 1.4 Connected graph

Un-connected Graph: If no path exists from each node to every other node, the graph is said
to be un-connected graph. For example, the network of figure 1.5(a) containing a transformer
(inductively coupled parts) its graph in figure 1.5 (b) could be un-connected.

g
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@ (b) |®

Figure 1.5 Network and its un-connected graph

Path: A sequence of branches going from one node to other is called path. The node once
considered should not be again considered the same node.

Loop (Closed Path): Loop may be defined as a connected sub-graph of a graph, which has

exactly two branches of the sub-graph connected to each of its node. For example, the
branchesl, 2 & 3 in figure 1.6 constitute a loop.

@ 2 @

Figure 1.6 Loop (Closed Path)

Oriented Graph: The graph whose branches carry an orientation is called an oriented graph.

@ ;4 @ 5> ©
L 3 6

Y
® > ®

Figure 1.7 Oriented graph

The current and voltage references for a given branches are selected with a +ve sign at tail
side and —ve sign at head

Tree: Tree of a connected graph is defined as any set of branches, which together connect all
the nodes of the graph without forming any loops. The branches of a tree are called Twigs.

g




CHAPTER 1 TOPOLOGICAL NETWORK ANALYSIS

Co-tree: Remaining branches of a graph, which are not in the tree form a co-tree. The
branches of a co-tree are called links.

The tree and co-tree for a given oriented graph shown in figure 1.8 (a) are shown in figurel.8

(b) and figurel.8(c)
@ @, -
T+ 7 l/® @/GFQ)
5 5
5 6
@®
® @

()

(a) 3 3
® @ O @ 200
4 @
g_\ @
(c)

Figure 1.8: (a) Oriented graph, (b) Trees, (c) Co-Trees

Cut set: Cut set is a closed line which cuts the original graph into two distinct parts, the so
obtained sub graphs must have all branches connected to one or two (distinct) nodes.

€2 not valt!

&Cl valid cutset

Figure 1.9 Cut-sets
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1.2.2 Node to branch incidence matrix
Definition: The node to branch matrix Aa sets up a relation between the directed branches b
and the nodes n of a graph and is a (N X b) matrix. The entries of this matrix A, are defined
as follows.

+1- - - when branch bj is incident to node nand is directed away from it
aij=— —1 - - - when branch bj is incident to node n; and is directed towards it
0 - - | when branch bjis not incident to node n;
The sum of the elements along each column of Aa is zero, hence Aa can be reduced by one
row (in general we take row (0) with no loss of information, the so obtained matrix A is

known as the reduced node to branch incidence matrix of the graph.

Incidence Matrix and Kirchhoff’s Current Law: Letl= [iy iy ...i5],be the column vector
of branch currents, UsingA and I, KCL can be written in a matrix formas:

Al=0
The branch — node voltage transfer: Let’s consider a graph of N nodes and b branches, let
V=[V1 V2 ... vu] T, be the column vector of branch voltages and E=[e1 € ... en.1] T be the
column vector of node voltages, so the relationship between the node voltages and the branch
voltages is given by
V=ATE
1.2.3Loop to branch incidence matrix

Definition: The fundamental loop matrix Bs sets up a relation between the directed branches
b and the fundamental loops L of a graph and is a (b— (n—1))xb matrix. The entries of this
matrix Br are calculated as follows.

+1 - - - when branch bjis in loop l;and has the same direction
bij=71 - - - when branch bjis in loop l; and has opposite direction
0 - - - when branch bjis not in loop i

Loop to branch incidence matrix and Kirchhoff’s Voltage Law: Let V=[v1 V2 ... vp] T,
be the column vector of branch voltages. Using Br and V, KVL can be written in a matrix
formas:

B, V=0

.
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1.2.4Fundamental cut-set matrix

Definition: The fundamental cut-set matrix D sets up a relation between the directed
branches b and the fundamental cut-sets C of a graph and is a ((n — 1)x b) matrix. The
entries of this matrix D are calculated as follows.

1 - - - when branch bj is in the cut-set ci and has the same direction
dij=—15 - - when branch bj is in the cut-set ciand has opposite direction
0 - - - when branch bj is not in the cut-set ¢;

Fundamental cut-set Matrix and Kirchhoff’s Current Law: Let I=[i1 iz ... ip]" ,be the
column vector of branch currents , Using D and I, KCL can be written in a matrix form as :

D.I=0
1.3 Topological network analysis techniques

Using the results obtained from the graph theory, a set of techniques are derived for solving
(analyzing) linear electrical networks (the Nodal, Loop and Cut-set Analysis).

1.3.1 Generalized branch model

Assuming branch Kwhich connects node ito node jas shown in Figure 1.10.

iy
®‘/_V-:\CP
+ + -
+
€j ej
e
Figure 1.10

If the branch contains linear elements, then it can be modeled as shown in Figure 1.11.

« Vi Vi
lk =X j- y
" '
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r—— Vi - e
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.
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Figure 1.11 The generalized branch model

e Ikand Vi are the branch variables (current and voltage)

e Dkis the branch element (R, L, C or dependent sources ...)

e Ik’ and Vi’ are the branch internal variables (ik’ the current through bk and Vi’ is the
voltage across D)

e Vek and Iek represent any voltage source or current source applied externally to the

branch element (independent sources (Vg,ig) , or initially stored energy in C and L)

Required condition: Iek and Vek are taken to support the flow of the internal branch current

I’,Hence:

k> = iktiek

Vi*=Vi+Vek

If we define the following vectors:

The column vector of the branch currents 1(S) = [ib1(S) ib2(s) ... ibk(S)]"

The column vector of the branch voltagesV/(S) = [Vb1(S) Vb2(S) ... Vok(S)]"

The column vector of the internal branch currentsI’(s) = [ib1(S) ib2(S) ... ibk(S)]"

The column vector of the internal branch voltages V’(s) = [Vb1(S) Vb2(S) ... Vok(S)]"

The column vector of the external branch currents source 1e(S) = [iga(S) ig2(s) ...iex(S)]"

The column vector of the external branch voltage sourcesVe(S) = [Ve1(S) Ve2(S)...Vex(S)]"

Then

I’(s) = I(s)+1(s)

V?(s)= V(s)+VE(S)

1.3.2 Branch impedance matrix Z(s)

If Z(s) exists then V’(s) = Z(s).I’(s), where Z(s) is a diagonal matrix that combines the
respective bloc impedances.

Z(s) =

(1/S) D

-
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SL

R is a diagonal matrix, for which the main diagonal contains the resistances of all resistive
branches of the network

D is a diagonal matrix, for which the main diagonal contains the inverse of capacitances of all
capacitive branches of the network

1/c1 0 0
p=| 0 1/€2 0
0 0 1/C3

L is a square matrix, which is not necessarily a diagonal matrix

The main diagonal elements however L contains all inductances of the network

The off diagonal elements may correspond to mutual inductances

1.3.3 Branch admittance matrix Y(s)

If Y(s) exists then I’(s) = Y(s).V’(s) and if Z(s) is nonsingular then Y(s) =Z"(s), where Y(s)
is a diagonal matrix that combines the respective bloc admittances.

1.3.4 Nodal analysis

The nodal analysis is used to determine directly the node voltage matrix E(S).

We have: A.1=0 and I’(s)=I(s)+Ig(s), then A.I’(s)=A.I&(s)

Assuming that Y(s) exists thenI’(s)=Y(s).V’(s)

Hence: A.(Y(s).V’(s))=A.I&(s)

Also we have: AT.E(s) = V(s) = V’(s)-VE(S)

Hence:A.Y(S).(AT.E(s)+Ve(s))=A.le(s) or (A.Y(s).AN).E(s) = A.(1e(s) — Y(s).VE(s))
Setting Yn(s) = A.Y(s).AT, and In(s) = A.(Ie(s) — Y(s).VE(s)), then Yn(s).E(s) = In(s)

So the nodal analysis solution equation is given by:

s
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E(s) = Yy '(s).In(5)

1.3.5 Loop analysis

The loop analysis is used to determine directly the branch current matrix I(s).
We have Bt .V(s)=0and V’(s)=V(s)+VEe(S), then :Bs .V’ (s)=Bt.VE(S)

Assuming that Z(s) exists then V’(s)=Z(s).I’(s)

Hence, Br .Z(s).I’(s) = Bt. VE(S)

P (s)=1(s)+1&(s) so, Br.Z(s).(1(s)+1&(s))=Br.VE(s)

We have I(s) = Bf".1c(s) so, Br.Z(s).(Bf".1c(s)+1e(s))=Br.Ve(Ss) or
(Bt.Z(5).Bt").Ic(s)=Br.(VE(S)-Z(5). 1£(s))

Let Z1(s) = Br.Z(s).Bf" and VL(S)=Br.(Ve(s)-Z(s).1e(s)) s0, ZL(S).1c(s) = VL(s)

Hence we get the loop analytic equation:

Ie(s) = Z7'L (3).VL(3)

Where Ic(s) is the link current matrix, hence the branch currents matrix is given by:
1(5)=B+".1c(s)

1.3.6 Cut-set analysis

The cut-set analysis is used to determine directly the branch voltage matrix V(s).

We have D.I(s)=0 and I’(s) = I(s) + Ie(s)then: D.I’(s)=D.I&(s)

Assuming that Y(s) exists thenI’(s)=Y(s).V’(s)

Hence D.(Y(s).V’(s))=D.Ig(s)

V’(s)=V(s)+VEe(S) so, D.Y(s).(V(s)+VEe(S))=D.lIe(s)

We have V(s) = DT.V1(s) so, D.Y(s).(D".V1(s)+VE(s))=D.lg(s)or

(D.Y(s).D").V1(s)= D.(Ie(5)-Y(5)- Ve(9))

Let Ycut(s) = D .Y(s).D and Icut(s) = D.(1e(s)-Y(s).VEe(s))
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So, Ycut(s).VT(s) = lcut(s)

Hence we get the cut-set analytic equation:

Where V1(s) is the twig voltage matrix, hence the branch voltages matrix is given by:

Vi(s) = Yeur '(s).Icur(s)

V(s) = D.V1(s).

1.4 Echelon Algorithm

Definition to find a tree visually is not an especially difficult task for the circuit analyst
programming a computer to stipulate a tree from only formulated matrix is a nontrivial
problem. The program that effects tree definitions can be predicated on two fundamental

properties that mathematically given tree

First, the tree submatrix square of order N in an (N + 1) node circuit, in the present case this
means that the tree sub matrix of A is extracted from only 4of the 10 columns of A.

Second, the determinant of a tree submatrix is + 1, this situation establishes the feasibility

of searching A to find an N x N nonsingular sub matrix, From arguments provided earlier , one
is assured that such a submatrix correspond without exception to a tree.

A programmable search procedure for a nonsingular N x N submatrix in a matrix of order M

x P is afforded by the Echelon algorithm

A matrix is said to be in Echelon form if it is written as

N
[/1 X X X...X X x...x\
ollxx...xxx...x
0 0ft X...X X X ...X

0O 00O0...0[2 X ... X [V
o 0ooo0...00H[0... X
\\ 0000 ...00l0 .. .x
Y Y
N columns P- N column

N rows

5
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Where X denotes a nonzero element (not necessarily the same nonzero element in every
indicated position) .observe that below and to the left of the staircase. Only zero elements
appear, whereas immediately above and immediately to the right of the staircase, only unity
elements appear along the diagonal of a square submatrix of order N is upper triangular and
nonsingular. If the column denote branches in an incidence matrix, these same columns must
represent twigs of a tree.

A matrix can always be reduced to Echelon form through use of only elementary row
operations. To illustrate the Echelon algorithm is stated below and exemplified with respect to
(2.60)

Step 1.Scan the column of A from the left until a column that has nonzero entries is found, in
(2.60) the first such column encountered is column 1.

Step 2. Scan the column just found from the top until a nonzero element is found, say in row
r. If r =/=1, interchange row r and row 1 this procedure is tantamount to node renumbering.
In (2.60), r=1 in first column, and no row interchange operation is required.

Step 3. Subsequent to row interchange, multiply the resultant first row by the inverse of the
first element in this row to obtain unity in the (1.1) position. This step is actually not
necessary when dealing with network incidence matrices, although; formally, it is a part of the
echelon algorithm.

Step 4. Reduce all elements below row 1 in the column upon which attention is focused to
zero by elementary row operation. In (2.60); one can accomplish this prong of the procedure
by replacing the second row by the sum of first and second rows. The result is a new matrix;

say Ag1 such that

M @ @ 6 6 7 6 © 10

1 0 0 0 0 0O 0 0 0 1 (1)
An=l0 -1 0 0 0 1 0 0 0 1 )
o 1 1 1 -1 0 0 0 0 O (3)

(0 0 0o o 1 41 1 -1 1 0 (4)

Step 5. Step 1 through 4 are now repeated on the submatrix formed by deleting the row and
column upon which elementary operations have concluded. The procedure continues until the
element in the Nth row and the Nth column is rendered unity.

B
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From the Agimatrix, the submatrix alluded to in step5 is

2 3 @ 6 6 N 6 © 10

1 0 0 0 1 0 0 0 0 ()
A=l 1 1 1 -1 0 0 0 0 O (3)
o 0 0 1 -1 1 -1 1 o0 (4)

. 4

Multiplication of the first row by (-1), followed by replacement of the second row by the
second row minus the first row, leads to

@ & @ 6 © O 6 © 10

(1 0o 0 0 1 0 0 0 -1 ) @)
As=| 0 1 1 -1 -1 0 0 0 -1 ©)
o 0 0 1 -1 1 -1 1 0 @)

Ny _/

The new candidate for Echelon operation is

@ @ 6 ® (O @6 © (10
Aes= 1 1 -1 -1 0 0 0 -1 (3)

o 0o 1 -1 1 -1 1 o0 @)

In this case, the first column is already in the proper format, and as a result, one can proceed
to the next matrix.

@ © 6 N @6 © @0

A= [ 001 1 1 1 1 0 | @

|
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The first column processing a nonzero element is the second column, corresponding to branch
5. The element in this column in unity ands since there are no additional rows to consider, this
column is in proper format. The final form of A is obtained from row 1 and column 1 from

Ae1 Aes Aes and Aes namely

M @ @ 6 6 0 6 © 10

(1 0 0 0 0 0 0 0 0 1) )
Ae= |0 1 0 0 0 -1 0 0 0 -1 @)
0o 0 1 1 4 4 0 0 0 -1 @3)
0000 1 1 111 o | @)

The most important result of interest is that the branch array {1, 2, 3, 5} is a tree for the linear
graph of fig 2.8b. These branches are shown by heavy lines in the graph. In order to place
(2.60) in the standard form of (2.4), one can now reorder the columns of (2.60) to display

twigs first and then links. Thus,

B @ 6 @ 6 6 O 6 © 10

(1 0 0 0 0 0 0 0 0 1) 1)
A=|1 -1 0 0 0 1 0 0 0 0 @
0 1 1 -1 1 0 0 0 0 0 @3)
00 01 0 1 111 o | @)

(2.62)

1.4.1 Voltage and current equations

The KV L and K C L equations for the determination of each branch voltage and each branch
current utilize respectively the fundamental cutset and fundamental loop matrices.

In (2.62) replace the second row by the sum of the first and second rows so that the first
modified A matrix is
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The second row is now multiplied by (-1) to obtain

Ao =

1)

1)

@ 3 @ 6 6 O 6 @ 10

0 0 O
-1 0 O
1 1 -1
0O 0 1

0

0

1

0

0

1

0

-1

2 @ @ 6 6 O @ © 10

0 0 O
1 0 0
1 1 1
0O 0 1

TOPOLOGICAL NETWORK ANALYSIS

@)
)
3)
(4)

(1)
)
(3)
(4)

Matrix Az results from replacement of third row by the difference of third and second rows:

Az =

1)

@ @ 6 @& 6 O 6 © 10

0 0 O
1 0 0
0 1 1
0O 0 1

(1)
)
©)
(4)

If the third row of A3 is replaced by the sum of the third and fourth rows, the resultant matrix

is
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M @ @ G, @ 6’ (1 6 © 10
(1 0o o0 olo 0 0 0 0o 1) 1)
pD=|0 1 0 0]0 -1 0 0 0 -1 @
o 0 1 01t 1 0 0 0 1 ©)
0 0 0 1fo 4 11 1 o | @)
(2.63)
Insertion of (2.63) into (2.54) fields
“» @ QB GO @ ® (M B (O (10
(0 04 0|1 0 0o 0 0o o
p=[0 1 0 1]0 1 0 0 0 O
o 01 4]0 0 1 0 0 0
o 0 1 1|0 0 0 1 0 0
o 0 1 1|0 0 0 0 1 O
1 11 0o 00 0 0 1
And we have taken the next circuit in 1.12 as an example
1
o % ”
- i ovo
o] e “3

Fig 1.12 a Passive network used to illustrate application of network graph theory to computer

aided analysis

Ve

e
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Fig 1.12 b linear graph network in (a)

Application: by using the implemented Matlab routine in appendix 01

We have to use the following incidence matrix as an input argument to the echelon function
to obtain a tree and its corresponding cotree as show below.

@ @ 6 6 7 6 © 10
r a

1 0 0 0 0 0O 0 0 0 O (1)
A= |1 1 0 0 0 1 0 0 0 0 )
o 1 1 1 -1 0 0 0 0 0 3)
0 0 0 0 1 1 1 1 1 0 (4)
A=
1 0 0 0 0 0 4] 4] 4] 1
-1 -1 [} [} [} 1 4] 4] 4] 4]
4] 1 1 1 -1 0 0 0 0 0
4] 0 0 0 1 -1 1 -1 1 4]
»> [ T C ]= echelan (i)
.
1 2 3 o
c -
4 & 7 8 g 10
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1.5 Topological analysis methods

1.5.1. Reformulation of the equations from graph theory using the concept of tree

If a tree is selected then all matrices and column vector can be partitioned as follows:
Incidence matrix node to branch: A = [ Atl Ac]

Fundamental incidence loop matrix: By = [B.|U]

Fundamental cutset matrix :D = [U|D,]
U denotes the identity matrix

V,
Column vector of branch voltages : V' = [Vt]
Cc

Column vector of branch currents : [ = [1—]
C

Column vector of node voltages with respect to the reference node "0" ground): E .

It can be shown that:

By = (AtTlAc)T

D, = —BI' = —A[A,

And That:
I =B}l
V=DTI,
Moreover, according to the voltage transformation theorem we have: V = ATE

Finally, according to the generalized branch model :

&
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Vi =V+Vg
I'=1+1Ig
V' =ZI'
I'=yVv'
1.5.2. Nodal analysis method
It consists in solving the following equation:
YNE = IN
ou,
Yy = AYAT

Iy = A(IE - YVE)

Therefore, this method makes it possible to obtain the potentials of all the nodes of the circuit
E with respect to the ground. It is also possible to determine V and | using the previous
relations :
V=ATE
I=YWV+Vg)—1Ig

To illustrate this technique we have used the elliptic filter network of the following figure and
we have implemented this technique in the following MATLAB script:
L1=1.79H

()

TN—
@ RS=50Q @ e ©)

" | =
98 la | Ca=17.8nF | »
7 " b 2
1omv () == B ZRL=10KQ
250HZ I C1=93.9nF |C2=93.9nF[

Q

% Nodal Analysis - Elliptic Network

Q

% This Script implements in the time domain the response of an elliptical
filter

Q

% at AC (sinusoidal) excitation.




CHAPTER 1 TOPOLOGICAL NETWORK ANALYSIS

o

o\°

Inputs: - Source frequency (F)

o

- The amplitude of the source (VM)

o\°

- The load wvalue (RL)

oo°

- Number of cycles (periods) in the simulation interval (NC)

o\°

- Number of simulation points per cycle (NS)

oo°

Outputs: - Graphs of the excitation vs (t) is of the response vL (t) as a

o\

function of time

clear all;

clc; % Clear the screen

[

% Fixed circuit data

RS = 50; % Source resistance
rs = 1.0e-3;

Cl = 93.9e-9; % Cl = 93.9nF
C2 = 93.9e-9; % C2 = 93.9nF
C3 = 17.8e-9; % C3 = 17.8nF

L1 =1.79; % L1 = 1.79H

o\°

Get entries

F = input ('Enter the frequency value in Hz:');
T =1/ F; % The source period
s =11 * 2 * pi * F; % The complex variable
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VM = input ('Enter the value of the source amplitude in V:');

RL = input ('Enter the value of the load in Ohm:');

NC = input ('Enter the number of cycles you want for the simulation:');

NS = input ('Enter the number of simulation points per cycle:');

o\°

Determine the total number of simulation points

N = NC * NS;

o\

Create the simulation time interval

t = inspace (0, NC * T, N);

o

Create the complex vector of the excitation source

VS = VM * exp (s * t);

o©

Build A

o

In order to give Y the diagonal form Block, o reorders the branches

o©

o\°

so that the branch (7) becomes a resistive branch.
order branches = [1, 2, 7, 3, 4, 5, 6];

A = A (:, order branches);
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o\°

Construct the main diagonal of Y

G =diag ([1 / RS, 1 / RL, 1 / rs]);

C = diag ([C1l, C2, C3]);

GAMMA = diag ([1 / L11);

% Build Y, YN, IE and VE (initial)

Y = blkdiag (G, s * C, GAMMA / s);

YN =A*Y *A"';

IE = zeros (7.1);
VE = zeros (7.1);
E = []; % Initializes the solution matrix

for k = 1: N

<

5

»
I

- VS (k); % update the 3rd element of VE which corresponds to
the
% branch containing the excitation VS
IN = A * (IE-Y * VE); % build IN
E = [E, YN \ IN]; % Update the solution matrix by adding a

% new column (the solution at time t (k))

end




CHAPTER 1 TOPOLOGICAL NETWORK ANALYSIS

% Obtain the instantaneous values vs (t) of VS (excitation) and vl (t) of E
(3)

Q

% (reply). It suffices to extract the real parts of the vectors

[)

% complex

vl = imag (E (3, :));

Vs

Il
.
3
m

Q
&
%)

Q

% Draw the graphs

plot (t, vs, 'k -', t, vl, 'k--");

grid on

xlabel ('temp (sec)'):;

ylabel ('amplitude (v)')

title ('Response of the Elliptical filter to a sinusoidal excitation');

legend ('Excitation', 'Response');

Using the corresponding graph of the network

(6)
@D o C
0 0 O N\

The node to branch incidence matrix can be obtained as:

2 2 3 @ & 6 @ @6 O (10
1 0 0 0 0 0 0 0O 0 0 (1)
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A< -1 -1 0 0 0 1 0 0 0 O )
o 1 1 1 -1 0 0 0 0 0 (3)
o 0 0 0 1 -1 1 -1 1 0 (4)

The following figure shows how data are entered to conduct the simulation.

Command Window

@) New to MATLAB? Watch this Video, see Examples, or read Getting Started.

Enter the frequency value in Hz 1250
Enter the source amplitude value in V ‘le-3
Enter the load value in hom :10e3
Enter the number of cycles you want for the simulation 6
Enter the number of simulation points per cycle :20

ﬁ5>>|

The result of the simulation is shown in the following figure

x 10

9 Response of the Elliptical filter to a sinusoidal excitation
2 : : :

Excitation
15 Rgsp()xlsc

amplitude (v)
S

2 |
0 0.005 0.01 0.015 0.02 0.025
ume (scc)

1.5.3. Fundamental mesh analysis method

It consists in solving the following equation:

By l. =V
ou,
B, = BfZB}
VL = Bf(VE —ZIE)

25
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Therefore, this method makes it possible to obtain the currents of all the branches of the I¢
co-tree.
It is also possible to determine V and | using the preceding relations:
I =Bl
This method is implemented in a Matlab routine and gives the same results of the nodal
analysis on the same circuit.
1.5.4. Fundamental cut analysis method
It consists in solving the following equation:
Dewe Ve = et
ou,
Doy = DYDT
Ieye = D(Ig — YVg)
Therefore, this method makes it possible to obtain the voltages of all the branches of the tree V_t.
It is also possible to determine V and | using the preceding relations :
vV =DTV,
I=YWV+Vg)—Ig
This method is implemented in a Matlab routine and gives the same results of the nodal
analysis on the same circuit.
Remarks:
a. Unlike the methods of loop and cutset, the nodal analysis does not require the use of a tree
for its application.
b. All the analysis methods presented here are based on the generalized branch model.
However, if we consider the branch (7) of the circuit which contains the excitation source,
it does not have a passive element as required by the model. So none of the topological

methods can be applied.
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To get around this obstacle, a trick consists in associating with this voltage source, an internal
resistance (rs) of very low value (and therefore negligible), so as not to significantly affect the
overall response of the circuit. Thus, the branch (7) becomes a resistive branch whose passive
element is rs. In this precise case, we will choose the value of 1uQ.

We will see later, another method known as "modified nodal™, which accepts branches
without passive elements and does not require the use of such a trick.

c. For the methods requiring the use of a tree, we used the echelon algorithm implemented in
the Matlab file "echelon.m". This algorithm [see appendix #1 ] makes it possible as we have
seen previously, to automatically determine from the incidence matrix A a tree of the graph.
d. For the methods of meshes and fundamental cuts, the matrices Bf and D were extracted

directly from the matrix A, in accordance with the preceding equations

The Matlab scripts "nodal analysis.m", "loop analysis.m™ and "cutset analysis.m",
respectively implement each the topological analysis methods that we have exposed. It can be
seen that the results obtained are exactly identical. In addition, these results are identical to

that obtained by the SPICE simulator.

1.6. The Modified Nodal Analysis

The Modified Nodal Analysis or MNA is an extension of nodal analysis which not only
determines the circuit's node voltages (as in classical nodal analysis), but also the branch
currents.

The modified nodal analysis was formulated in the mid-1970s and developed subsequently for
the analysis of analog filters and the simulation of electronic circuits; it is used in one form or
another in many modern simulation packages, such as SPICE.

Let A be the reduced incidence matrix for a linear RLC network, for a convenient description
of this approach, it is appropriate to decompose the reduced incidence matrix according to the
element types of their branches. By definition of the reduce incidence matrix, every column of
A corresponds to one branch. We assume that the branches are enumerated in the following
order: first all resistive branches, then all capacitive branches, then all inductive branches,
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then all voltage source branches, and finally all current source branches. Then A can be
decomposed into block form:

A= [AR,A(:, AL ) AE, Al ]

Where the index stands for resistive, capacitive, inductive, voltage source and current source
branches, respectively .Using the characteristic equations as indicated above, we obtain the
following system:

Ac%C Ac’e+ ArR G AR’ e + ALiL + Aeiv = -Ally
A A e=

dtL IL—AL’e=0

Ae’ e=VE

Here, we have used the following denotations:

ivisthe vector of all branch currents through voltage sources.

iLis the vector of all branch currents of inductive branches.

luis the vector of the values of all current sources.

VEis the vector of the values of all voltage sources.

C is the diagonal matrix containing all capacities

G is the diagonal matrix containing all conductances (inverses of the resistances)
L is the diagonal matrix containing all inductivities.

The unknowns in the classical MNA system are the node voltages €, the currents through

voltage sources Iy, and the currents through inductors iL. In matrix notation, the system can
be written down as:

AcCA: 0 01 | €| 14GAp A, Agl | € —Ajl;
0 L 0] —|u| 4| -4 0 of|k] = 0
0 0 o] 9iy AL 0 o] |iy Vv,

Such a system is called a differential-algebraic equation, and it’s the general MNA model for
passive linear network.

1.7 Why do we use the modified nodal analysis?

The topological network analysis techniques mentioned before (nodal, loop and cut-set
analysis) have been widely used for formulating circuit equations in computer-aided network
analysis and design programs. However, several limitations exist in those methods including
the inability to process the current through voltage and current sources in a simple and
efficient manner (adding a series resistor with the voltage sources and a parallel resistor
across the current source are needed). A modified nodal analysis (MNA) method is proposed
here in order to remove those limitations
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1.8 Conclusion

In this chapter, we have described the different topological network analysis techniques and
their use. We have also talked about the modified nodal analysis (MNA) technique, and its
advantages over other topological network analysis techniques.
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2.1 Introduction:

Computers can be powerful tools if used properly, especially in the realms of science and
engineering. Software exists for the simulation of electric circuits by computer, and these
programs can be very useful in helping circuit designers test ideas before actually building real

circuits, saving much time and money.

These same programs can be fantastic aids to the beginning student of electronics, allowing the
exploration of ideas quickly and easily with no assembly of real circuits required. Of course,
there is no substitute for actually building and testing real circuits, but computer simulations
certainly assist in the learning process by allowing us to experiment with changes and see the
effects they have on circuits. Throughout this chapter, we will be incorporating computer
printouts from circuit simulation frequently in order to illustrate important concepts. By

observing the results of a computer simulation.

To simulate circuits on computer, we use a particular program called SPICE, which works by
describing a circuit to the computer by means of a listing of text. In essence, this listing is a kind
of computer program in itself, and must adhere to the syntactical rules of the SPICE language.
The computer is then used to process, or "run,” the SPICE program, which interprets the text
listing describing the circuit and outputs the results of its detailed mathematical analysis, those

wanting more
2.2 Simulator description:

As shown in Figure 2.1, the simulator implemented in this project performs both time and
frequency analysis for passive linear circuits with harmonic independent sources. To describe a

given circuit, a text file known as a net-list, which is similar to the SPICE net-list, is used.
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[ PSR- e ——_—
ant Lrowd }

e | W :’

LT;
N dreve

St STy S ey st

s
e

Figure 2.1 the simulator interface

2.2.1 SPICE:

SPICE was developed at the Electronics Research Laboratory of the University of California,
Berkeley by Laurence Nagel with direction from his research advisor, Prof. Donald Pederson.
SPICE1 was largely a derivative of the CANCER program, which Nagel had worked on under
Prof. Ronald Rohrer.

SPICE1 was first presented at a conference in 1973. SPICE1 was coded in FORTRAN and
used nodal analysis to construct the circuit equations. Nodal analysis has limitations in
representing inductors, floating voltage sources and the various forms of controlled sources.
SPICE1 had relatively few circuit elements available and used a fixed-timestep transient
analysis. The real popularity of SPICE started with SPICE2 in 1975. SPICE2, also coded in
FORTRAN, was a much-improved program with more circuit elements, variable timestep
transient analysis using either the trapezoidal (second order Adams-Moulton method) or the
Gear integration method (also known as BDF), equation formulation via modified nodal
analysis (avoiding the limitations of nodal analysis), and an innovative FORTRAN-based
memory allocation system developed by another graduate student, Ellis Cohen. The last
FORTRAN version of SPICE was in 1983. SPICE3 was developed by Thomas Quarles (with
A. Richard Newton as advisor) in 1989. It is written in C, uses the same netlist syntax, and

added X Window System plotting.
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SPICE (Simulated Program with Integrated Circuit Emphasis) is a general purpose software
that simulates different circuits and can perform various analysis of electrical and electronic
circuits including time domain response, small signal frequency response, total power
dissipation, determination of nodal voltages, transient analysis...etc. This software is designed

in such a way so that it can simulate different circuit operations.

2.2.2 SPICE Net-list

In SPICE, the circuit is first described to a computer by using a file called circuit file (netlist
file). It contains the details of components and elements, the information about sources, the
commands for the determination of the objective and the desirable results to be provided by
the computer at the end. In circuit file, the user is to assign the node numbers while the nodes
connect the circuit elements. From the description of circuits, SPICE develops the
mathematical tool to solve for the network
The description and analysis of the circuit require the specification of the following:
Element values
Nodes
Circuit elements and models
Types of analysis
Output variables
Spice output commands
Formats of circuit files and output files

The corresponding SPICE net-list for the RLC network shown in Figure 2.2 is:

1 R1 2 L1 3
100 0,1m
V1
+ L&
_ 0,25n
v

Figure 2.2:RLC circuit in series
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V110ac12sin
R112100
L1230,1m
C1300,25n
tran01011
Jprint dc v(0,1) v(1)
.end

2.3 Net-list format used in this project

For our project purposes, we have used a similar model of text file (net-list) to that of the
SPICE, the following format is used to describe the different components:

Resistor: R<name><node 1><node 2> value

Inductor: L<name><node 1><node 2> value

Capacitor: C<name><node 1><node 2> value

Mutual effect: K<name><Lxx> <Lyy> value

Voltage source: V<name><node 1><node 2>amplitude_value phase_value
Current source: I<name><node 1><node 2>amplitude_valuephase_value
Frequency:F value

Then, the equivalent net-list for the network shown in Fig 2.2 is:
V110120

L1230,Am

R11230

C1 20 100e-06

F 60
In order to use this simulator , we need to load the .crt circuit description file (netlist) , then

we choose either time or frequency analysis , after clicking on simulate , all variables (node
and branch voltages , branch currents) are computed , then we can choose one of them to plot

according the type of analysis.

2.4 MNA model used for the algorithm implementation

For the purposes of this project, we will assume that all sources are harmonic and have the
same frequency f, i.e., they follow the relations:

vit) =Vsin (ot + @) i(t)=1sin(wt+g)
Where ® = 2xf and ¢ is the phase angle
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Under these assumptions it is very convenient to use complex quantities instead of the

trigonometric functions (complex exponentials are applied).

The different components values in exponential form are given as follows:

v = Veil@t+o)

The relation between v and i is given by: V= Z.1I; where Z is known as the impedance.
The different branches impedances values in complex exponential form are given by:

Resistor: R Capacitor: 1I/j o C Inductor: j @ L
Where R,C are diagonal matrices and L is not diagonal except in the case where mutual effect
IS zero.
Therefore, the general Modified Nodal Analysis model for the RLC network with harmonic

sources is given by:

! ARYRAV;f 2 b A(:Y(:A:: +A Y, AL Ag e —A,-l
A 0 '

OR

Yv Ag c _Aili
A 0 by VI:'

Where An = [Ar , Ac, AL] and Yn = An Y An' where Y is the inverse of the impedances
(admittances), and it is the diagonal matrix containing Yr, Yc, YL , which denote diagonal
matrices which contain the admittances of the resistive, capacitive and inductive branches,

respectively.
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2.6 MATLAB

MATLAB (matrix laboratory) is a multi-paradigm numerical —computing environment
and fourth-generation programming language. Developed by MathWorks, MATLAB
allows matrix manipulations, plotting functions and data, implementation of algorithms,
creation of user interfaces, and interfacing with programs written in other languages,
including C, C++, Java, Fortran and Python.

Although MATLAB is intended primarily for numerical computing, an optional toolbox uses
the MuPAD symbolic engine, allowing access to symbolic computing capabilities. An
additional package, Simulink, adds graphical multi-domain simulation and Model-Based
Design for dynamic and embedded systems.

2.6.1History

Cleve Moler, the chairman of the computer science department at the University of New
Mexico, started developing MATLAB in the late 1970s. He designed it to give his students
access to LINPACK and EISPACK without them having to learn Fortran. It soon spread to
other universities and found a strong audience within the applied mathematics
community. Jack Little, an engineer, was exposed to it during a visit Moler made to Stanford
University in 1983. Recognizing its commercial potential, he joined with Moler and Steve
Bangert. They rewrote MATLAB in Cand found MathWorksin 1984 to continue its
development. These rewritten libraries were known as JACKPAC. In 2000, MATLAB was
rewritten to use a newer set of libraries for matrix manipulation, LAPACK.

MATLAB was first adopted by researchers and practitioners in control engineering, Little's

specialty, but quickly spread to many other domains.

In 2004, MATLAB had around one million users across industry and academia. MATLAB
users come from various backgrounds of engineering, science, and economics. MATLAB is

widely used in academic and research institutions as well as industrial enterprises.

2.7 general flowchart of the algorithm:

This algorithm consists of three main subroutines which are: load the text file and get circuit
description subroutine, circuit analysis based on MNA technique subroutine and show the results

obtained on the GUI subroutine.

35
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Cstart >

Load the text file and
get circuit description

!

Circuit analysis based
on MNA technique

Show the re;ults obtained
on the GUI

END

Figure2.3: general flowchart

2.7.1 Subroutines flowcharts:

(A)Load text file and get circuit descriptions subroutine:

This subroutine reads the loaded text file (net-list) by the user, and divides it in set of rows,
and then read each item of each row, for example, read item (2, 3), means read the third item
of the second row of the net-list file, and then extract all the required parameters to performs
the network analysis according to the MNA model described before. (See flowchart 1).

(2)Get A and VEe description subroutine: This subroutine tends to get the required
reduced incidence matrix A, and the vector of the values of all voltage sources V

(See flowchart 2)

(b) Get A and Iy description subroutine: This subroutine tends to get the required

reduced incidence matrix A,and the vector of the values of all current sources 13

(See flowchart 1)
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start

Load text file
¥

Devide the text file into rows items

¥

Initialize the row numbr & position

¥

Rownbr =1 ., Rowpos=1

ki

/ Read item (row-nbr, row pos) /
¥
k
¥

¥ ¥ ¥ ¥ ¥
F c R L Vv
¥ v ¥ Y 7
et getA get A get A ot A get
FW“E“EY and gamma Getk and C and G b il Aand
desc dest coeffs desc desc ana 1 desc V; desc
I I I I

1 -
l k

row_nb = row_nb+1.
row pos=1

h J

NO

Row nbr=muax row nbr

YES

A=[Ag.Ac. AL Ag A

h 4

G = diag ( desc . G)

C=diag ( desc.C

gamma = diag (descgamma)
.

Get Y, As, ¥s

h 4
f=freq desc

Figur2.4: flowchart of load text file and get circuit descriptions subroutine
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Get A and Ve desc

!

Row_pos=Row_paos+1

!

/ Read item (row_nb.row_pos) /

.

Node 1=item (row_nb.row_pos)

v

A(row_nb.node 1) =1

v

Row_pos=row_pos +1

!

Read item (row_nb.row_pos)

v

nodel = item (row_nb ,row_paos)

‘

A (row_nbw,nodel}=-1

'

Row_pos=row_pos+1

'

Read item (row_nb .row_pos)

+

Amp value = item (row nb .row pos)

+

Row_pos =row_pos+1

Red item { row nb .row pos)

i

Phase value =item { row nb, row pos)

v

Vg.Desc (row_nb)=amp_value g phee valus

Figur2.5: Flowchart of Getting A and Ve descriptions subroutine
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o

row pos= rowpos + 1
¥

Read items(row nbr,row pos)
¥
Node 1 = item (row nbr, row pos)
¥
A (row nbr, nodel)=1

¥
row pos = row pos + 1

¥
Read items(row nbr,row pos)

v

Node 2 = item(row nbr, row pos)
¥

A (row nbr, node2) = -1
W
row pos=row pos + 1
¥
Read items(row nbr,row pos) /
__.-""f

¥

Amp value = item (row nbr, row pos)
¥

row pos=row pos + 1
¥
/ Read items(row nbr,row pos) /
v =
Phase value = item (row nbr, row pos)
¥

I; desc (row nbr) = amp value e i.phase_value

End

Figure 2.6: Flowchart of Getting A and 1J description subroutine
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(c) Get A and G description subroutine: This subroutine tends to get the required reduced
incidence matrix A, and the diagonal matrix containing all conductances G (See flowchart 4)

row pos=rowpos +1

¥
ﬁmd items (row nbr,row pos) /
L
Nodel = item (row nbr, row pos)
L]
A (row nbr,nodel) =1
¥
row pos =row pos + 1
P ¥
/ Read items(row nbr,row p as)/
v
Node 2 = item(row nbr, row pos)
v
A (row nbr, node2)=-1
¥
row pos = row pos + 1
¥

/ Read items(row nbr,row pos) /
f..-"

R value = item (row nbr, row pos)

¥
G desc (row nbr)=1/R_value

A J

End

Figure2.7: Flowchart of Getting A and G description subroutine
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(d)Get A and C description subroutine: This subroutine tends to get the required reduced
incidence matrix A, and the diagonal matrix containing all capacitances C (See flowchart 5)

row pos=rowpos+ 1

¥
ﬁead items(row nbr,row pasj/
¥
Node 1 = item (row nbr, row pos)

¥

A (row nbr,nodel ) =1
v

row pos = row pos + 1
¥
/ Read items(row nbr,row p as)/
v
Node 2 = item(row nbr, row pos)

v

A (row nbr,node2) = -1
¥

row pos = row pos + 1
*

Read items(row nbr,row pos)
¥
Amp value = item (row nbr, row pos)
¥
row pos = row pos + 1

¥

Read items(row nbr,row pos)

¥
C value = item (row nbr, row pos)

¥
C desc (row nbr) = Cvalue

Figure 2.8:Flowchart of Getting A and C description subroutine
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(e) Get A and gamma description subroutine: This subroutine tends to get the required

reduced incidence matrix A, and the diagonal matrix of inverse of inductivities gamma (See

flowchart 6)

row pos=rowpos +1

¥

ﬁ'md items(row nbr,row p as)/

¥
Node 1 = item (row nbr, row pos)

¥
A (row nbr,nodel)=1

¥
rowpos=row pos+1

¥
/ Read items(row nbr,row pas)/

v

Node 2 = item(row nbr, row pos)

¥
A (row nbr,node2)=-1

L
row pos =row pos + 1

¥
/ Read items(row nbr,row pos) /
f_.__..-f

'

L value = item (row nbr, row pos)

l

gamma desc (rownbr) =1L value

Figure 2.9: flowchart of Getting A and gamma 42
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(e) Get K and gamma description subroutine:This subroutine tends to get the required

mutual effect, and the diagonal matrix of inverse of gamma (see flowchart 7)

row pos= row pos + 1

¥

/Rmd items(row nbr,row pos) /
L
Ind 1 =item (row nbr, row pos+1)
¥

Ind 2 = item (row nbr, row pos+2)

¥
Value=row pos+3

'

K value = item(row nbr, row pos)
v
K coef]s. K value = K value
¥
Kcoef]s. Ind1 =1Ind 1

'

Kcoeff§. Ind 2=Ind 2

.

Gamma desc (row nb)=K value*sqrt(L1*L2)

'

Gamma desc (row nb)=Gamma-!

Figure 2.10: Flowchart of getting k and gamma
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(HGet frequency description subroutine: This subroutine tends to get the value of the

frequency of the harmonic sources (See flowchart 8)

row pos=rowpos+ 1

|

Read items(row nbr,row pos)

w

Freq desc = item (row nbr , row pos)

Figure 2.11: Flowchart of getting frequency description subroutine

(B) Circuit analysis based on MNA technique subroutine

This subroutine performs the time and frequency analysis of the network based on the MNA
model described before (See flowchart 9)

Caseaf

¥ ¥
Frequency analysis Time frequency

Figure 2.12: Flowchart of time analysis subroutine
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(@)Time analysis subroutine: This subroutine solves the network in time domain

(See flowchart 10)

Set max fime of analysis max
k J

Set the step time of analysis tstep

¥

Case of
¥ : E— ¥
Only current Only voltage Voltage &
sources used sources used CUFTENT SOUTCES
¥ i
=0 =0 :
=0
— — e
I=e“I desc Fr=e= Frndesc Ve Vides
v
¥ ¥ 1:'=€H1.-' desc
Q =¥y e F.\' -4&] ¥
Ag 0 ol¥n  Ag
¥ ﬁ -'1.1.\ 0
b=-Ay, b [ 0 ] x
Vg —4,
b -
I Vi
Solve Ox=b v
. Solve he=b Solve O=b
k.
getend . ¥
i get el get eni
I=r+;srep y L]
[=t+istep t=tttstep
NG
NG NO
trimax i
trtmax
YES YES YES
T

Figure 2.13 Flowchart of time analysis subroutine
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(b) Frequency analysis subroutine: This subroutine solves the circuit in frequency domain

(See flowchart 11)

Set max time of analysis tmax
ki

Set the step time of analysis tstep

k. J

Case of
¥ ¥ ¥
Only current Only voltage Foltage &
sOuUFCEs used sources used Current sources
¥ 1
f=fstart = fotart
= —— ]
I=e*I; desc Fr=e= Vrdesc Vi=e" Vgdes
v
¥ ¥ 1:'=€H1.—-' desc
Q =Yy P LT ¥
Ag 0 o ¥n Ag
¥ ¥ Ag 0
b=-Aj; b [:,]] ¥
F i _ AJ
-
T [ Ve ]

Solve Ox=b r
" Solve fjtr=b Solve O=b
geteyd o ¥
getert et e,v,1
T . get el
Snp ’
l S Jomp
NO NO NO
YES
YES VES
T
:K-Li /),:

Figure2.14 Flowchart frequency analysis subroutine
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(C)Subroutine that shows the results obtained on the GUI

This subroutine shows the results obtained after the network analysis process using the
Graphical User Interface of MATLAB as shown in Fig 2.3.

. Passve Crcuits Simulatar pr— = a_
Lood Crcut
1 T .
Aralss H
f \ H J \ ' \
e 08} ; , A . ,.",',,,v oo ey o formefosior ..‘._I. S i e o i
/ \ { | \
Stop Teme Step Trre 06 | \ . \ i
( \ i \ Ly
00003 1E-005 | \ 1 | P |
; : - ! : | S ———— decce AP ————
o‘,.‘,IA. P »-.-l.VAA .- - - .- A:,..I., semseves A". . - e cow . ,!,.’ "
Frequancy Anslysis | | ¢ ] \ i
J | :y' 'I E’I \
Sl ogmney  SKp recuency L 4. """"""""""" 7 LA R et | kel el S -1
| \ { H \
10203 1 0806 = | \ ¥ \
g_ 0 \ i \ i \
Nurber of ports g \ f \ ‘?: |
| ] | : |
000 - T—— NSNS (S ———— { ‘L:. ,,,,,, E—— deereennenanaaas ‘!.. ................... 1..-. R . ,,A‘L.
Il |I‘. {‘ “5 “ {
- - \ H | | f
Fun & \ | \ : /
. S dation - SOTUSIERAEECRRCORS) R TIN AU TR SCRRB R P A 2 L SAECATIISERING, BS CASORRC A LALORR N P RESCRES] AX
| [ \ il /
5 \ [ | |
Voriather - TR . XCRRPOIR | 9, B i i acm i SE DRI i o m i S i SR ] ............ '
o) - | \ |
. 1 . \
Pt Sav ! i H
0 1 2 3
on Time (1) 10"

Figure2.15: the result obtained are shown in the GUI

2.8 Conclusion:

A detailed description of the implemented simulator was given in this chapter, starting from
the way to use this simulator, then a description of the Modified Nodal Analysis model used

and finally the algorithm implementation steps based on this model.
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Testing and results

3.1 Introduction

In this chapter, we will test our implemented simulator “Netsim” by taking several passive
networks as example and compare the obtained results with those obtained from another
SPICE based simulator (ngspice).

3.2 ngspice

Ngspice is a general-purpose circuit simulation program for nonlinear and linear

analyses. Circuits may contain resistors, capacitors, inductors, mutual inductors, independent
or dependent voltage and current sources, loss-less and lossy transmission lines, switches,
uniform distributed RC lines, and the five most common semiconductor devices: diodes,
BJTs, JFETs, MESFETS, and MOSFETS.

Ngspice is an update of Spice3f5, the last Berkeley’s release of Spice3 simulator family.

Ngspice is being developed to include new features to existing Spice3f5 and to fix its bugs.

3.3 Simulation of a simple RC filter

Let’s take the RC network with a voltage source shown in Figure 3.1 and we will simulate it

using our MATLAB based simulator and the ngspice then compare the obtained results.
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O .

®

| —

1KOhm

4

c1
— 1.69uF

Figure 3.1 RC filter

3.3.1 Using our simulator

First let’s write the equivalent netlist for this circuit:

VS 1 0 1 0
R1 1 2 1000

Ci1 2 0 1.59¢-6
F 10e3

The resulting file has an extension of .cir as shown in Figure 3.2

1 [ |l netsim_RC FILTER <ir B4 ]

1 W5 1 0 1
2 El1 1 Z 1000

s E 10ey

cCl 2 0 1.58e-6

Figure 3.2 Netsim Netlist file of the RC filter

Then we load the file as shown in Figure 3.3
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Loag Crout
1 T T 1 1 1
| Arran
-]
® Trve Arayn
& Terget cecur detcrpbon fie
S Tem S2en Tme “ Matlab_Based Semutotor + P
s - Pheve feider -
0 . 1 0
Frecusecy Araian B The I ~ ) 4
" P 30 Cbjects .’ -
ot Negeenty 597 fregeency L wi crarvgle | netsim.ce
B Destacp o exemgle 1 spxce acar
0 Docarmenty _".-n—«cl- 1 spcw trene
LR W retsm_examplel.ch
Memter of poets -& Downlos 1 phel.ch
b Musc (o metmm RC FILTER.civ
04 v ’
o ctem test G
= Pictures
y B vicec:
| e O5(C
Varatees a2} - LENONG D)
| - DVD AW Dove
e Lieanes
v >
L] e )
File mame: ()

ot

Figure 3.3 Loading the netlist file
Once the file is loaded, we can choose either time or frequency analysis mode of simulation
and set the required parameter values accordingly.
3.3.2 Using ngspice
To simulate with gnspice, first we run the program, then we load the netlist file using the

source command as shown in Figure 3.4. The netlist file is shown in figure 3.5.

Tou ngspice 33 - O x

36363 X H

*#* ngzpice—33 ¢ Circuit lewel =imulation program

#% The U. C. Berkeley CAD Group

*#% Copyright 1985-1994, Fegent= of the Univer=sity of California.

#% Copyright 2001-2020., The ng=pice team.

*#% Pleasze get your ngspice manual from http: wngspice.=s=ourceforge. net-docs.html
*% Plegasze file wour bug-reports at http: - ngspice.sourceforge. net-bugrep.html
*% Crestion Date: Oct 18 2020 145548

363 W
ngspice 1 —-»

source .. Jworkfrc filter.cir

Figure 3.4 loading the netlist file using ngspice
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Emﬁher.cirml
1 |* RC filter

V1 1 0 de 0O ac 1
Rl 1 2 1k

c1r 2 0 1.5%u
.control

ac dec 41 10 100k

get colord=rgb:FF/FF/FF
plot wdb(2)

plot 180/PI*phass(v(2))
endc

end

o [ N 3 Y S L I %

[ T S ]

L} ;
B =

Fig 3.5 the ngspice netlist file of the RC filter

The simulation runs automatically and results are given as plots.

3.3.3 Simulation results

Simulation in frequency domain is carried out using ngspice and netsim and results are
presented on figure 3.6(a) and (b). As it is clearly shown on the figures the results are strictly

similar to each others.

- o = [ 1 it re it T oD =
W 1) ity 1B0FT" phasafe{ 20
oo —— ng
|-z00
o 4 |
B
T
T |
| |
| |00
£ x fiooo
m ) el hlig ] e 1 10 100 L] 04 5
Hrisipaincy He | frequency Hz

Figure 3.6 (a) RC filter frequenby résp_onse simulation using ngspice

E
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107 1w’ 10

Fraguency (H2

Figure 3.6 (b) RC filter frequency response simulation using netsim

3.4. Simulation of a T-Network
Let’s take now the T-network with a voltage source as shown in Figure 3.7. As we did
previously, we will simulate this network using our MATLAB based simulator and the

ngspice in both time domain and frequency domain then compare the obtained results.

NG ® ©

R4 Rz2

’ WATATE ’ WATATE ' 4 AT $

2.2K0Ohm 3.2K0hm

S00hm - @ o
|1 | 2 RL
Y
10nF 10nF
.{'\J_ D=0, AC=1Y . . 10KOkm
R3
1
]

W C3 1.GKDhm !
IO P —_ S homH

Figure 3.7. The T-Network
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3.4.2. Timedomain analysis: The results obtained after a time domain analysis mode of

simulation is performed are shown in the following figures:

1

06 |

02H / \‘

Amplitude (V)
(=}
T
~
-

D6~

02 \,

15

Time (s)

%107

Figure 3.8. Transient analysis using Netsim. Excitation in Red, Response in Blue

25 3

B trand: example 1
Voo o— vi4)

1.0

V(1)

— O X

0.5

a

/\

N/

N\

05
-1.0
0.0 50.0 100.0 150.0 200.0 2500 300.0
time us

Figure 3.9. Transient analysis using ngspice. Excitation in Green, Response in Red
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3.4.3. Frequency domain analysis: The results obtained after a frequency domain analysis

mode of simulation is performed are shown in the Figures below:

0

Amplitude (dB)
: ER
T T

-
o
T

-20

10° 104 10° 108
Frequency (Hz)
200
100 [~ \\\\\ .
PRI —— T 7
@ i
o
-100 - -
-200 = . =
10° 104 10° 108
Frequency (Hz)
Figure 3.10. ac analysis using Netsim
| |
A% vdbi{4)
0.0
-5.0
-10.0
-15.0
-20.0
1073 104 10%5 1046

frequency Hz

Figure 3.11. ac analysis using ngspice (gain)
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B ac example 1 - O *
vV vp(4)

4.0

2.0

0.0

2.0

-4.0
103 104 105 106

frequency Hz

Figure 3.12. ac analysis using ngspice (phase in rad)

As it is shown in these figures, in frequency domain analysis, the results obtained by our
simulator are rigorously the same to those obtained by the ngspice simulator. The same thing
applies to the transient analysis except that for a certain time interval at the beginning of the
simulation. This is due to the fact that ngspice requires a certain time for the solution to

converge which is not the case in our simulator.

3.5 Conclusion

The results obtained from our MATLAB based simulator are very satisfactory comparing to
those obtained from the ngspice simulator for both time and frequency analysis with a
difference in the transition period before reaching the steady state, this difference is due to the

fact that the ngspice (and all the SPICE based simulators) uses the differential algebraic
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equations system (described in chapter 1) to solve all kind of circuits, that’s why it takes this
transition time to converge to the optimal solution, which is not the case in our implemented

simulator , where we have used a suitable model of modified nodal analysis for our specific

purposes.




Conclusion

Throughout this project, the main goal was to build a MATLAB based passive linear
circuits simulator, with the case of harmonic sources.
Firstly, a general overview about the different topological network analysis techniques used to
solve electrical network was given, with a special interest on the modified nodal analysis
technique, used widely by electronic software simulators.
Secondly, a detailed description of the simulator is given, the netlist representation of circuits,
the MNA model used, the algorithmic implementation steps, and the final MATLAB code are

developed.

Finally, tests were performed to determine the reliability of our product and the results
obtained were very satisfactory.
There is still much work to be done for future development that would enhance this work and
increase its efficiency. For example expand the range of proposed tools, i.e.: our simulator deals
only with a few number of electronic devices (capacitors, resistors and inductors) and supports
only harmonic and sine wave sources, the general model of the modified nodal analysis (the
differential algebraic equations system described in chapter one) can be used to deal with any

type of sources.

j



APPENDIX

1-ECHELON Routine

o

This function uses the echelon algorithm to

o©

o

detrmine a tree and its corresponding cotree of a

o©

o

graph from the node to branch incidence matrix.

o

o

usage: [tree cotree]=echelon (A). where,

o\

o\°

A is the node to branch incidence matrix (reduced form)

o°

tree and cotree are arrays representing repectively the tree

o\°

and cotree sets of branches.

o°

o\°

For further details, please refer to the "Electrical Networks Theory and

Analysis"

% book, by John Choma, Jr., a Wiley-Interscience Publication, John Wiley &

sons,

% (c) 1985, ISBN 0-471-08528-6.

o

%$This function has been implemented by Mrs. A. HAMADI, Master Student at

IGEE/UMBB

function [tree, cotree]=echelon (A)

Vi



Q

% Initialize the tree array.

tree=[];

[)

% Initialize the cotree array.

[nr ncl=size (A);

cotree = l:nc;

% Get a copy of the original matrix

COpyA=A;

[

% Redo the same process until the matrix copy is empty.

while~isempty (copyA)

[

% Initialize the colunm position and the row position.

colPos=1;

col=copyA(:,colPos);

rowPos=find (col) ;

[o)

% scan the columns of A from the left to the right until a column (colPos)

that has

[o)

% nonzero entries is found.
Q

% scan the column (col) just found from the top until a nonzero element is

found.

VI



Q

% rowPos (l) is the index of the first nonzero element in column col.

while length (rowPos)==

colPos=colPos+1;

col=copyA(:,colPos);

rowPos=find (col) ;

end

Q

% Update the tree array to include the index that corresponds to colPos.

tree=[tree cotree(colPos)];

Q

% Process the row at position rowPos(l) so that the first element is unity.

row=copyA (rowPos (1), :);

row=row (1) *row;

% If rowPos(l) is not unity then interchange the first row and row at

position rowPos (1) .

if rowPos (1)~=1

row=copyA (rowPos (1), :);

copyA (rowPos (1), :)=copyA(1l,:);

end

Vil



Q

% Reduce the second non-zero element (if any) below row 1 in the
upon which

Q

% attention is focused to zero by elementary row operations.

if length (rowPos)==

copyA (rowPos (2), :)=copyA (1, :) -

copyA (rowPos (2) ,colPos) *copyA (rowPos (2),:) ;

end

[

% Delete row 1 and column colPos (which is a twig) from copyA.

copyA(l,:)=I[1;

copyA(:,colPos)=[];

Q

% Delelte the branch index colPos from the cotree array

cotree(colPos)=[];

end

column



2-MESH ANALYSIS

Q

°

o\

%

fi

o

o\

o°

o\

o°

o

o

Analysis by the Mesh method - Elliptic Network

This Script implements in the time domain the response of an elliptical

lter

at AC (sinusoidal) excitation.

Inputs: - Source frequency (F)

- The amplitude of the source (VM)

- The load wvalue (RL)

- Number of cycles (periods) in the simulation interval (NC)

- Number of simulation points per cycle (NS)

% Outputs: - Graphs of the excitation vs (t) is of the response vL (t) as a
function

% time.

clear all;

clc; % Clear the screen

%

RS

rs

Cl

Fixed circuit data

o)

= 50; % Source resistance

= 1.0e-3;

93.9e-9; % Cl = 93.9nF



X

C2

93.9%e-9; % C2

93.9nF

C3 = 17.8e-9; % C3 = 17.8nF

L1 =1.79; % L1 = 1.79H

% Get entries

F = input ('Enter the frequency wvalue in Hz:');

T =1/ F; % The source period

s =11 * 2 * pi * F; % The la varieble complex

VM = input ('Enter the value of the source amplitude in V:'");

RL = input ('Enter the value of the load in Ohm:');

NC = input ('Enter the number of cycles you want for the simulation:');

NS = input ('Enter the number of simulation points per cycle:');

o

Determine the total number of simulation points

N = NC * NS;

o\

Create the simulation time interval

t = inspace (0, NC * T, N);

o\

Create the complex vector of the excitation source

VS = VM * exp (s * t);



% Build A

% In order to give Y the diagonal form Block, o reorders the branches

o\

% so that the branch (7) becomes a resistive branch.

Il
-
~
N
~
~J
~
w
~
[IsN
~
o
~
o
~

order branches

A = A (:, order branches);

o\

Construct the main diagonal of Z

2]
Il

diag ([RS, RL, rsl);

D = diag ([1 / Cl.1 / Cc2.1 / C31);

5
Il

diag ([L1]);

o

Build Z, BL, IE and VE (initial)

7Z = blkdiag (R, D / s, s * L);

Xl



o

o©

o\

o

o\

o

([t

At

Ac

[n

°

%

Bf

BL

IE

VE

o

Determine a tree of the graph and proceed to the partitioning of A.

A = [At | Ac].

For this we call the echelon.m function which implements

the step algorithm.

ree, co-tree] = echelon (A);
= A (:, tree);

= A (:, co-tree);

rows, ncols] = size (Ac);

Reorder 7

=72 (:, [tree, co-tree]);

Build Bf = [Bt | U].

[ (At \ Ac) ', eye (ncols)];

B € @ W BE Yg

zeros (7.1);

= zeros (7.1);

Initializes the solution matrices

= []; % Circuit currents

Il
—
-
~

o

Circuit voltages

Xl



% update the 3rd element of VE which initially corresponds to the

% branch containing the excitation VS

% reorder IE and VE

IE = IE ([tree, co-tree]):;

VE = VE ([tree, co-tree]);

VL = Bf * (VE-Z * IE); % build VL

ic = BL \ VL;

BiE U= d@g

'_J.
Il

v =2* (1 + IE) -VE;

o

Update the solution matrices by adding a

o

new column (the solution at time t (k)).

end

% Obtain the instantaneous values vs (t) of VS (excitation) and vl (t) of V

(2)

% (reply). It suffices to extract the real parts of the vectors

XV



o

complex

o©

First, restore the original order

V = V (order branches, :);
I = I (order branches, :);
vl = imag (V (2, :));

vs = imag (VS);

Q

% Draw the graphs

plot (t, vs, 'k -', t, vl, 'k--");

grid on

xlabel ('temp (sec)');

ylabel ('amplitude (v)')

title ('Response of the Elliptical filter to a sinusoidal excitation');

legend ('Excitation', 'Response');



3-CUT SET

%

o©

o

°

fi

o\

o

o\

o°

o\

o°

o

o

fu

o

cl

cl

Q

°

RS

rs

Cl

C2

C3

Analysis by the Cutoff method - Elliptic Network

This Script implements in the time domain the response of an elliptical

lter

at AC (sinusoidal) excitation.

Inputs: - Source frequency (F)

- The amplitude of the source (VM)

- The load wvalue (RL)

- Number of cycles (periods) in the simulation interval (NC)

- Number of simulation points per cycle (NS)

Outputs: - Graphs of the excitation vs (t) is of the response vL (t) as
nction
time.
ear all;
c; % Clear screen

Fixed circuit data

[o)

= 50; % Source resistance

1.0e-3;

= 93.9e-9; % Cl = 93.9nF
= 93.9e-9; % C2 = 93.9nF
= 17.8e-9; $ C3 = 17.8nF

a

XVI



o

L1 =1.79; % L1 = 1.79H

o©

Get entries

F = input ('Enter the frequency wvalue in Hz:');

T =1/ F; % The source period

s =11 * 2 * pi * F; $ The la varieble complex

VM = input ('Enter the value of the source amplitude in V:');

RL = input ('Enter the value of the load in Ohm:');

NC = input ('Enter the number of cycles you want for the simulation:');
NS = input ('Enter the number of simulation points per cycle:');

o

Determine the total number of simulation points

N = NC * NS;

o

Create the simulation time interval

t = inspace (0, NC * T, N);

o

Create the complex vector of the excitation source

VS = VM * exp (s * t);

% Build A

XVl



%

o\

%

In order to give Y the diagonal form Block,

so that the branch (7)

order branches = [1, 2, 7, 3, 4, 5,
A = A (:, order branches);

% Construct the main diagonal of Y
G = diag ([1 / RS, 1 / RL, 1 / rs]);
C = diag ([Cl, C2, C31);

GAMMA = diag ([1 / L11);

% Build Z, BL, IE and VE (initial)

Y = blkdiag (G, s * C, GAMMA / s);

o reorders the

becomes a resistive branch.

branches

XVII



o

Determine a tree of the graph and proceed to the partitioning of A.

o

o©

A

[At | Ac].

o\

o

For this we call the echelon.m function which implements

o\

the step algorithm.

[tree, co-tree] = echelon (A);

At = A (:, tree);

Ac = A (:, co-tree);

[nrows, ncols] = size (At);

o

Reorder Y

Y =Y (:, [tree, co-tree]);
% Build D = [U | Dc].
D = [eye (ncols), - At \ Ac];

Dcut = D * Y * D ';

IE = zeros (7.1);

VE

zeros (7.1);

o©

Initializes the solution matrices

I = []; % Circuit currents
V = []; % Circuit voltages

XIX



IE

end

% update the 3rd element of VE which initially corresponds to the

% branch containing the excitation VS

% reorder IE and VE

IE ([tree, co-tree]):;

VE = VE ([tree, co-tree]);

Icut = D * (IE-Y * VE); % build Icut

vt = Dcut \ Icut;

v =D '"* vt;

i=Y* (v + VE) -1IE;

o

Update the solution matrices by adding a

o

new column (the solution at time t (k)).

% Obtain the instantaneous values vs (t) of VS (excitation) and vl (t)

(2)

% (reply). It suffices to extract the real parts of the vectors

[o)

% complex

of V

XX



o

V =V (order branches, :);
I = I (order branches, :);
vl = imag (V (2, :));:

vs = imag (VS);

[

% Draw the graphs

plot (t, vs, 'k -', t, vl,

grid on

xlabel ('temp (sec)');

ylabel ('amplitude (v)"')

title ('Response of the Elliptical

First, restore the original order

k=)

legend ('Excitation', 'Response');

filter to a sinusoidal excitation');

XXI
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