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Abstract: 

This project aim was to address the issue of distributed detection in Multi-Hop Ad Hoc Sensor Networks.  Asynchronous receivers receive a transmission from a far away transmitter.  These low battery life and low peak power sensors need to find a way to share and detect this information.  The idea is that many faulty receivers equal one good receiver.  The nodes share with close by nodes their detections and this information sharing helps detection. 

The goal was to simulate and analyze this distributed detection and do it efficiently. This was achieved using Dijkstra’s Shortest Path Algorithm, realistic communication channel approximations, and the optimal ML receiver.
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Executive Summary

· Research the various digital communications topics that were a necessary background for this project

· Simulate the research topics in MATLAB

· Design and test Dijkstra’s algorithm in MATLAB

· Test all of the designs and functions

· Update system with appropriate parameters after extensive testing
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1 Introduction

The project setup was based on a Sensor network that has to collect and share local data and send them to a remote destination (Reach-back problem).  I was assigned to the Distributed Detection team.

The aim of this project was to simulate and determine the best way to detect distributed information among sensor nodes.  There are two types of signals that are of importance: (1) the transmitter signal that reaches each individual node, (2) the inter-node signal that is sent between sensors.

The basic idea is to have a number of independent sensors each make a local decision and then to combine these decisions with other nodes to generate a better decision.  

The nodes are distributed in a circular area and all receive a copy of the transmitter data. The original signal information is sent from a distant transmitter and is affected by Rayleigh fading, path loss and Additive White Gaussian noise.  Rayleigh fading, path loss and Additive White Gaussian Noise also affect these inter-node channels. 

Our goal is to share the local node information and send our information to the center node.  Therefore, the center node detection is expected to have gained from inter-node information sharing and distributed detection.  In an Ad Hoc Sensor Network, the topology needs to be robust and cheap in terms of power cost.  To determine the optimum and cheapest tree that converges to the central point, we can determine the minimum distance paths between the center node and every other node.  I use Dijkstra’s Algorithm because this is the optimal algorithm and because ad-hoc implementations do not scale.

1.1 Software description

The programming environment used for this project was MATLAB (www.mathworks.com).  MATLAB handles a range of computing tasks in engineering and sciences rather easily.  The strong point of MATLAB is its intuitive language and the fact that it handles vector and matrix calculations with ease.

Having been exposed to it for over 4 years at Cornell, it was the easiest choice.

1.2 Assumptions 

In all of the work discussed below, the initialization, routing, and up-link details of this network are not considered.  These were assigned to different teams and are assumed to work in this project.


The noise is assumed to be AWGN (Additive White Gaussian Noise).  This is usually true and assumed in digital communications.


The ad hoc network is assumed to be homogeneous.  All radio parameters at each node are assumed to be the same.

2 Background and Propagation Modeling


In a typical wireless communication system, a signal can travel from transmitter to receiver over various reflective paths.  At the receiver, waves arrive from many different directions and with different delays.  These multiple reflective paths give rise to the term multipath propagation. 
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  Figure 1 – Illustrates the reflective paths and multipath propagation

Multipath propagation can cause fluctuations in the received signal’s amplitude, phase, and angle of arrival, giving rise to the term multipath fading.  Fading effects that characterize mobile communications are broken up into two categories: large-scale and small-scale fading.  [1] 

2.1 Small Scale Fading: Rayleigh Fading

“Small scale fading is called Rayleigh fading because if the multiple reflective paths are large in number and there is no line-of-sight signal component, the envelope of the received signal is statistically described by a Rayleigh pdf.” [1]

Rayleigh fading is the fading of a communications channel generated by the interference of different out-of-phase signals travelling by different paths. It is made up of two parts: time spreading of the signal and the time variant behavior of the channel.  

The Rayleigh pdf is a complex zero mean Gaussian distribution with variance of 
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. [2]  I will denote the Rayleigh distribution by h and h ~ 
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2.2 Large Scale Fading: Path Loss

“Large scale fading represents the average signal power attenuation or path loss due to motion over large areas.  The statistics of large scale fading provide a way of computing an estimate of path loss as a function of distance.” [1]

There is path loss in the communication between the transmitter and the nodes and between the nodes themselves (inter-node).  The free space path loss model is used in the transmitter-node communication.   The street microcells path loss model is used for the inter-node communication.

2.2.1 Free Space Path Loss

In free space, the received signal power decays with the square of the path length.  The received power is: 
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· 
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  - The receiver and transmitter gains, respectively

· 
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  -  The transmitted power

· 
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   -  The distance between the transmitter and receiver


The transmitter is far away enough from the sensor nodes that we can use the free space path loss model to model the path loss of the sent signal to the nodes.  In general, the transmitter is at a distance of two to three times the radius of the node distribution area.

2.2.2 Street Microcells Path Loss


For ranges less than 500 m and antenna heights less than 20 m, the received signal strength for LoS (Line-of-Sight) propagation along city streets can be described by the two slope model:                         
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 is the transmitted power, k is a constant and d is the distance.  

· When the transmitter and receiver nodes are close together, free space propagation prevails and a = 2.  At longer the distances, and inverse fourth to inverse eight occurs and b ranges from 2 to 6.

· g is the breakpoint and at high frequency can be approximated as 
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, where hb and hm are the Base Station and Mobile Station.

In our case, we use the street microcells to model the path loss in the node-to-node propagation.  Since the nodes are close together, we can use a = 2, b = 1, and 
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 where h is the sensor antenna height.

2.3 PSK

Our modulation type is BPSK and our signal is baseband to allow for simpler simulation.

PSK (Phase Shift Keying) Modulation is described by: 
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where M is the number of discrete values

Because our signal is baseband, the
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2.4 The Optimal Detector


How do we optimally detect signals at the receiver end?  This is done with either a MAP or ML detector.  The former assumes knowledge of the symbol probabilities while the latter detects as if all symbols are equally likely.  Our symbols have the same probability (0.5) so we can use either.

The MAP detector structure:  
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· The distance between the received vector r and signal vectors {si} are minimized in the MAP detector, offset by the apriori probability. [5]

The ML detector structure:    
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· The distance between the received vector r and signal vectors are minimized here
· The MAP and ML detectors are alike when the apriori probabilities are pi = 1/M. [3]
I use the ML detector to arrive at the optimal detector in the node structure.

3 Node Distribution and Dijkstra’s Algorithm


An ad hoc network is a (possibly mobile) collection of communications devices (nodes) that wish to communicate, but have no fixed infrastructure available, and have no pre-determined organization of available links [5].


The nodes in our ad hoc network are randomly distributed in a circular area.  A circle of radius r and the number of nodes (L) is specified.  
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Figure 2 – This graph       has 50 nodes inside a radius of 100 meters.  The nodes here only have x and y values.

The sensor nodes have an x, y, and z (height) component.  The transmitter can be placed anywhere on top of the node area, with distance two to three times the radius of the node area.  Figure 3 in the next page is a visual representation of the transmitters with x, y, and z coordinates and the transmitter above the center of the node area.

The next step was to determine how the inter-node communication takes place.  All of the nodes in the circular area are to try to send their information to the center node.  Our goal is to share the node information and have a gain from this inter-node sharing, but we want to do this in the most optimal way.  The nodes that have a better 
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Figure 3 – The nodes in this figure have x, y, and z components.  The transmitter is placed at 150m from the center of the node area.

communication line would share information and this propagates until the center node is reached.  Since a graph representing all the paths from one vertex to all the others must be a spanning tree - it must include all vertices (nodes), the paths chosen would be the best inter-node available connections among all nodes.

3.1 Dijkstra’s Algorithm

This problem is a single-source shortest path problem.  The information needed is the shortest path from a single source (center node) to all other nodes.  This is the same as finding the minimum spanning tree from the center node to all other nodes.  Dijkstra's algorithm (named after its discoverer, E. W. Dijkstra) solves the problem of finding the shortest path from a point in a graph (the source) to all other nodes and is an optimal algorithm. 

For a detailed discussion of the algorithm, see [4].  The main algorithm idea is as follows: (1) Start out with center nodes and costs of what it can reach. (2) Pick the lowest cost. (3) See what you can reach from this new node and update costs if they are cheaper than previous ones. (4) Go back to (2) until all nodes are included.  

Dijsktra’s algorithm keeps track of essentially 4 matrices: (1) One vector that has all of the nodes that are permanent nodes.  (2) The nodes that are not yet permanent nodes.  (3) The cost of the link between each node.  (4) A vector of precedent nodes, i.e. the parent nodes for each node.  After running the algorithm we are able to determine the parent nodes for each node and the path to reach the center node from all nodes.

3.2 Determining the Cost Vector

Dijkstra’s Algorithm works on a cost matrix that can denote length for node to node, cost and in our case the cost of power from one to another one.

Considering only power, the constant per hop error rate is given by:
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.  Pr is the received power, Pij is the power between nodes i and j, and 
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 represents the path loss between nodes i and j.  

For a given path (p_) from any node to the center node, the total power spent is given by:
[image: image20.wmf]ij

B

p

j

i

r

P

ij

B

r

P

p

j

i

ij

P

p

j

i

1

_

,

_

,

_

,

Î

S

=

Î

S

=

Î

S

  .  Pr is taken outside the sum because it a constant, so the only factor to control in the total power spent is 
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.  Therefore, the cost function between nodes in Dijkstra’s algorithm has to be the 
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 matrix.  This matrix has path loss values between all i and j nodes that are in the set of nodes.  This way we can arrive at the lowest power spent path.

The next step after the determining the smallest cost path, is to determine the structure of the detection scheme at the receivers.

4 The Derived Optimal Detector
After running Dijkstra’s algorithm, we are left with the cheapest link path, in terms of power, between all nodes and the center node.  We now know between which nodes the detected information is to be shared and in what order.  The detection method at each node needs to be determined as well as the detection at the parent nodes.  The figure below illustrates the node structure present in our network. 

[image: image54.png]


Figure 5 – The network setup for a parent node and its children node.  The hi’s represent Rayleigh fading and the pi’s represent the power loss, both between nodes and between the transmitter and the nodes.

The figure above is for one set of children and parent nodes but is the same for all of the nodes in the network.  Every node has a parent node and this continues until we reach the center node, which has no parent node. It is important to note that not all nodes have children.

4.1 Determining the Standard Deviation of the Noise 


In simulating the node environment, an SNR vector of values ranging from 1 to 15 is specified.  The equation for SNR usually follows the following formula: 
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. The Energy per bit (Eb) value at the transmitter is 1 and the variance of the Rayleigh fading is set to 1 for this simulation. This leaves us with the variance of the noise equal to 
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. However, it isn’t complete because of the presence of path loss in the communication channel.


Path Loss scales Eb by
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being the power path loss coefficient.  This applies to inter-node and between node and transmitter transmission.  Therefore, 
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 and there exists a different sigma in each communication line between inter-nodes and between the downlink (transmitter to node).

4.2 Derivation of D1 and D2

All nodes receive a signal from the transmitter, with noise, Rayleigh fading and free space path loss.

Each sensor node receives: 
[image: image28.wmf]i

i

i

i

n

s

h

p

r

+

=

 

n ~ 
[image: image29.wmf])

,

0

(

2

s

N

, s
[image: image30.wmf])

1

,

1

(

-

Î

, 

The 
[image: image31.wmf]i

p

’s are path loss values from the transmitter to the ith nodes.  The square root is taken because 
[image: image32.wmf]i

p

is energy.

h ~ 
[image: image33.wmf])

,

0

(

2

h

N

s

, h = hR + jhI


The nodes that have no children receive the transmitter information and detect it using the D1 detector.

Derivation of D1:  
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 EMBED Equation.3  [image: image36.wmf])
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Note: The pdf of a complex Gaussian x~ 
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These children node then send estimated signal information to their parent node.  This channel also has Rayleigh fading, AWGN noise and power loss.  The power loss follows the street microcells model.  The parent node receives this information and uses this along with its own received copy of the signal to detect the signal, D2.


We will call the parent node L and assume that it has L-1 children.  This is just the general case and the derivation can be extended to any number of children.  
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Note: To simplify the notation, we multiply the power loss and Rayleigh fading coefficients to arrive at only an h term in the vector notation.
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Derivation of D2: 
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If L = 2,
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Generalizing for the general L case:
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The result from this D2 detector becomes the estimate for the parent node.  The parent node then sends this information to its parent node.  This subsequent parent also uses a D2 detector to attain its own estimate of the original signal.  This continues until the center node makes its estimate of the original signal.

Testing the Detector in a Idealized Setting

We create a node structure to test the detector.  This ideal structure has the same SNR at the receiver that it has at the transmitter, effectively canceling out the effects of path loss.  Under this idealize setting; we can see how the detector will behave.  The code for this can be found in the appendix.

Note:  In the all of the SNR vs. SER plots , there is a solid blue line that represents the theoretical SER for Rayleigh fading with no power loss.  Idealized distributed detection should do better than this and as such is only a reference line.
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Figure 9 - A 10 node tree structure with average SER = 0.003998.  The center node is the square line.  This highlights the fact that the center node gains from information sharing.
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Figure 10 - A 30 ideal node tree structure with average SER = 0.0020879. 
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Figure 11 - A 50 node ideal tree structure with average SER = 0.0013


From the previous graphs, we can see that the derived MAP Detector works.  It is also evident that as the number of nodes increases, the estimate of the signal at the center node gets better and produces less error.  


It is expected and verified that as the number of nodes in a given area get larger, then the benefits of distributed detection increase.  The end result is a better approximation to the original signal.  However, this should also have a saturation value and increasing the number of nodes beyond this value gives us no greater detection gain.

Note: In this simulation, there does not seem to be present a saturation point for the number of nodes and SER.  This can be attributed to the fact that we assume that a ‘genie’ communication scheduler exists.  This scheduler handles the communication timing so that no two signals interfere with another.  As the number of nodes increases, this becomes increasingly difficult and leads to a decrease in gain from distributed detection
5 Implementation of the Specific Parts and Averaging over Tree Structures


The detector structure above was implemented in MATLAB, as were the path loss models and Dijkstra’s algorithm.  These can be found in the Appendix section.


The question for the system is: can I let many faulty receivers cooperate and improve performance of their detection of weak signals?  We have already proved that the detector works in the ideal case where no path loss exists.


At this point, because for a given network the minimum distance tree is fixed, the performance can be directly characterized as the average bit error rate at the end of the tree structure, averaged over several randomly generated networks.  The average bit error rate can also be expressed more clearly as a function of the simulation parameters: (1) the radius of the node area, (2) the total number of nodes in the network, and (3) the distance of the far end transmitter.


Since this is a computationally intensive program, small networks need to be used to test if there exists an improvement with distributed detection. The number of nodes used in this analysis ranged from 10 to 50 nodes.  It is not clear what role the nodes positions play, so averaging is necessary.  

Note:  - The frequency chosen was 900*10^6 Hz.  Much of wireless communication takes place in this high-range of frequency.

- The chosen length of the signal was 12,000.  The rule is that if I have an event that has probability P, and I make N independent experiment, it will appear about N*P times. To effectively see it in the trials for a sufficient amount of times N has to be such that N*P>>1.  So, 12000 is sufficient enough to simulate 10^-3 because 12000*10^-3>>1.   
- There are two values of SNR that exist in this system.  One is the SNR Downlink value, between the transmitter and the nodes, and the other is the SNR internode value, between the nodes.  Both of these must be taken into consideration

5.1 Averaging over Various Random Graphs


Since the tree graphs are generated based on a random scattering of the nodes in the node area, the resulting SERs might be dependent on the tree structure for small density graphs.  

One way to document this is by the resulting variance present in SER over various several random generated networks.  What we should see is that the variance in SER decreases as the number of nodes increases.  The following graphs are the histogram of SER with a variance value for an increasing number of nodes.  The number of nodes increases from 10 to 50 nodes in steps of 10, averaged over 20 random tree structures for each number of nodes.   

The value of the downlink SNR and the inter-node SNR were fixed.  We wanted a low value of SNR so that the BER can be easily obtained with 1000 symbols, so they were both fixed to SNR = 3.


The graphs are in the following page and from them we can see that the variance decreases as the number of nodes goes 10 to 50.  This makes sense since a much denser graph is less influenced by the tree structure.  The SER values have less variance because of this.  The variance for 10 nodes was 2.0986e-5, for 20 nodes was 1.691e-5, for 30 nodes was 1.6185e-5, for 40 nodes was 1.4661e-5, and for 50 nodes was 1.2962e-5.


Therefore, 50 nodes should be used in our simulations since it returns the least 
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Figure 6 – Histograms of SER values for nodes = 10, 20, 30, 40, 50 and SNR 3
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.

amount of variance among all of the node structures. 

6 Further Improvements and Applications


We know that distributed detection works.  What is left now is to simplify the detector.  As it stands now, the fading coefficients are deterministically known at the detector.  This is an idealization and an implementable detector will use the average over all the fading coefficients.  


Implementing the real network with path loss will also be necessary.


Communication scheduling is also a further improvement. Right now the system is ideal and assumes that a scheduler exists and that all communication occurs without interference.  This is not realistic since signals interfere with each other and energy is lost.
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8 Appendix
8.1 Network

8.1.1 sim_network.m

% Simulates the various parameters by calling circ_network.m

clc; clear all;

warning off

randn('state',0)

% assume a circular distribution of the nodes

n = 25;             % number of nodes including the center node

r = 50;            % radius

tr_height = 2*r;

err1 = circ_network1(n,r,tr_height);

err2 = circ_network1(n,r,tr_height);

err3 = circ_network1(n,r,tr_height);

err4 = circ_network1(n,r,tr_height);

err5 = circ_network1(n,r,tr_height);

err6 = circ_network1(n,r,tr_height);

err7 = circ_network1(n,r,tr_height);

err8 = circ_network1(n,r,tr_height);

b_err1 = [err1(1,:);err2(1,:);err3(1,:);err4(1,:);err5(1,:);err6(1,:);err7(1,:);err8(1,:)];

me1 = mean(mean(b_err1,1));

% assume a circular distribution of the nodes

n = 50;             % number of nodes including the center node

r = 100;            % radius

tr_height = 2.5*r;

err9 = circ_network1(n,r,tr_height);

err10 = circ_network1(n,r,tr_height);

err11 = circ_network1(n,r,tr_height);

err12 = circ_network1(n,r,tr_height);

err13 = circ_network1(n,r,tr_height);

err14 = circ_network1(n,r,tr_height);

err15 = circ_network1(n,r,tr_height);

err16 = circ_network1(n,r,tr_height);

b_err2 = [err9(1,:);err10(1,:);err11(1,:);err12(1,:);err13(1,:);err14(1,:);err15(1,:);err16(1,:)];

me2 = mean(mean(b_err2,1));

% assume a circular distribution of the nodes

n = 75;             % number of nodes including the center node

r = 100;            % radius

tr_height = 2.5*r;

err17 = circ_network1(n,r,tr_height);

err18 = circ_network1(n,r,tr_height);

err19 = circ_network1(n,r,tr_height);

err20 = circ_network1(n,r,tr_height);

err21 = circ_network1(n,r,tr_height);

err22 = circ_network1(n,r,tr_height);

err23 = circ_network1(n,r,tr_height);

err24 = circ_network1(n,r,tr_height);

b_err3 = [err17(1,:);err18(1,:);err19(1,:);err20(1,:);err21(1,:);err22(1,:);err23(1,:);err24(1,:)];

me3 = mean(mean(b_err3,1));

8.1.2 circ_network1.m

function m_err = circ_network1(L,radius,tz)

% m_err = circ_network1(L,radius,tz)

% Outputs: m_err  - ser for the network specified by L, radius, tz

% Inputs:   L          - the number of nodes in the network

%
      radius  - the node area radius (m)

%   
      tz         -  the height of the transmitter (m)

N = 12000;

[x,y,z,dn_t,dn_n] = node_create(L,radius,0,0,tz);

u = trans_path_loss(dn_t);          % path loss calculations

u_n = n2n_path_loss(dn_n);

[cost_t, pred_t, leaves] = dijkstra1(L,sqrt(u_n));

% initialize values and create signal 

s = sign(randn(1,N));               % signal

SNR = [0:15]; snr = 10.^(SNR/10);   % SNR values 

t = length(SNR);                    % number of SNR values

SER = zeros(1,t); ser = zeros(L,t); % SER values

s_h = zeros(L,N);                   % space for D1 detector values

sigma = ones(L,N);                  % space for noise sigma

P_e = zeros(L,1);

n = s_h; r_in = s_h; h_i = s_h; n_i = s_h; r_i = s_h;

SER = .5*(1-sqrt(snr./(1+snr)));    % theoretical symbol error rate

Eb = 1; 

var_h = 1;

h = sqrt(var_h)*randn(L,N)+j*sqrt(var_h)*randn(L,N);

h = (sqrt(u)'*ones(1,N)).*h;

% power loss from transmitter to nodes

se = ones(L,1)*s;

se_s = ones(L,1)*s;  % used in P(e) calculations

for b = 1:t

    P_e = zeros(L,1);

    %--add noise--

    %SNR = Eb/No *sigma_h

    sig = sqrt(((Eb.*u)./snr(b)).*var_h)';              % std. deviation from 

    sigma = sig*ones(1,N);                              % transmitter to nodes

    n = sigma.*randn(L,N)+j*sigma.*randn(L,N);          % noise from transmitter

    %received signal at each node before inter-node info.

    r_in = h.*se + n;

    % D1 : s_MAP = argmax Re{h*R'*S} = sign(Re{h*R'})

    s_h = sign(real(conj(h).*r_in));    

    P_e = sum(s_h ~= se_s,2)/N;

    for n_lop = fliplr(1:L)

        [row,col,val] = find(leaves(n_lop,:));

        if(~isempty(col))

            num = length(val);

            p = u_n(n_lop,val);     % extract the relevant power loss numbers for current parent node

            sig1 = sqrt(((Eb.*p)./snr(b)).*var_h)';            % std. deviation of inter-node noise

            sigma = sig1*ones(1,N);                             % 

            n_i = sigma.*randn(num,N)+j*sigma.*randn(num,N);    % internode noise

            h_i = sqrt(var_h)*randn(num,N) + j*sqrt(var_h)*randn(num,N); % internode fading

            h_i = (sqrt(p)'*ones(1,N)).*h_i;

            r_i = s_h(val,:).*h_i + n_i;    % r = s_hat*h + n

            %D2: MAP Detector

            [r_c Pe_c] = detect3(s,r_in(n_lop,:),h(n_lop,:),h_i,r_i,sig(n_lop),sig1,num,P_e(val));

            s_h(n_lop,:) = r_c;

            P_e(n_lop) = Pe_c;

        end

    end

    %---SER----

    ser(:,b) = sum(s_h ~= se_s,2)/N;

end

figure; semilogy(SNR, ser, 'r*', SNR,SER,'b');

xlabel('SNR (dB)'); ylabel('SER - symbol error rate');

title('SNR vs. SER -> Circular Network w/ Path Loss & Coherent Rayleigh fading');

hold on; 

semilogy(SNR, ser(1,:), 'bs', SNR, ser(1,:), 'k*');

m_err = ser;  %end of cunction

8.1.3 node_create.m

% [x,y,z,dn_t,dn_n] = node_create(L,xt,yt,zt)

% Inputs:

%           L     - number of nodes

%           xt    - x coordinate of transmitter

%           yt    - y coordinate of transmitter

%           zt    - z coordinate of tranmitter

% Outputs:

%           x     - x coordinate of nodes

%           y     - y coordinate of nodes

%           z     - z coordinate of nodes

%           dn_t  - distances from each node to the transmitter

%           dn_n  - distances from each node to evey other node

function [x,y,z,dn_t,dn_n] = node_create(L,radius,xt,yt,zt)

% assume a circular distribution of the nodes

% want both random length and angle

ro = ceil(rand(1,L-1)*radius); ro = [ro 0];

theta = rand(1,L-1)*2*pi; theta = [theta 0];

% convert to x and y

x = ro.*cos(theta);

y = ro.*sin(theta);

z = rand(1,L)*0.03*radius;

%distaces from each node to the central node

dn_c = dist(x,y,z,0,0,z(end));

[biggie, ini] = sort(dn_c);

% arrange coordinates in order

x = x(ini); y = y(ini); z = z(ini);

% distances from each node to the transmitter

dn_t = dist(x,y,z,xt,yt,zt);

%distances from each node to each node

dn_n = dist_node(x,y,z);

8.2 Fading

8.2.1 trans_path_loss.m

% u = trans_path_loss(dn_t)

% Inputs:

%           L     - number of nodes

%           dn_t  - distance from transmitter to each node

% Output:

%           u     - the power loss from the transmitter to each node

function u = trans_path_loss(dn_t)

fc = 900*10^6; lambda = 3e8/fc;

% Free Space Path Loss Model:  u = PtGtGr(lambda/4pid)^2

% Power to each node from the transmitter

omega = 100; gt = 1; gr = 1; 

u = omega*gt*gr.*(lambda./(4*pi*dn_t)).^2;

%u = 1./dn_t.^4;

8.2.2  n2n_path_loss.m

% u_n = n2n_path_loss(dn_n)

% Inputs:

%           L     - number of nodes

%           xt    - x coordinate of transmitter

%           yt    - y coordinate of transmitter

%           zt    - z coordinate of tranmitter

% Output:

%           u     - the power loss from each node to each node

function u_n = n2n_path_loss(dn_n)

fc = 900*10^6; lambda = 3e8/fc;

% Street Microcells: U = (k*omega)/[(d^a)*(1+d/g)^b];

% Power from each node to each node

k = 1; a = 2; b = 1; hm = 0.1; omega = 10;

g = 4*hm*hm/lambda;

u_n = (k*omega)./((dn_n.^a).*(1+dn_n./g).^b);

8.3 Dijkstra’s Algorithm

dijkstra1.m

% [li_cost, li_pred, leafs] = dijkstra1(L,dn_n,alph)

% Inputs:

%           L         - number of sensor nodes

%           dn_n      - dstance matrix from each node to every other node

%           alph      - path loss factor in cost

% Outputs:

%           li_cost   - cost vector for all nodes

%           li_pred   - the parent for each node

%           leafs     - the leafs(children) of each node

function [li_cost, li_pred, leafs] = dijkstra1(L,dn_n)

% Dijkstra's algorithm

li_perm = zeros(1,L);        % the nodes included in the algorithm

li_perm(1) = 1;              % include the center node

li_cost = zeros(1,L);        % the current cost at each node

li_cost(2:end) = Inf;        % all initial costs are infinite

li_cost(1) = 0;              % the first node has no cost to get to it

li_pred = zeros(1,L);        % keeping track predecessor node index

li_pred(2:end) = Inf;        % no initial predecessors for anyone

li_pred(1) = 0; 

dn_n = 1./dn_n;              % node cost

% Finding the first links from the center node outward

li_o = dn_n(1,:);

[ro, co, va] = find(li_o);

li_cost(co) = va;                   % updating the cost

li_pred(co) = 1;                    % update the predecessor

% loop until all nodes are connected or until you can't reach anymore nodes

while sum(li_perm) ~= L

    % pick the lowest cost out of the nodes not in li_perm

    temp = li_cost;

    t2 = li_cost;

    [row, col] = find(li_perm);     % find nodes already in algorithm

    temp(col) = Inf;                % exclude these nodes from cost consideration

    [val, ini] = min(temp);         % find the lowest cost node

    li_perm(ini) = 1;               % update the permanent vector

    % check the costs of the nodes connected to the added node

    li_o = dn_n(ini,:);             % the distances from that node to all nodes

    li_o = li_o + li_cost(ini);     % add the cost to the node

    [row, col] = find(li_perm);     % find nodes already in algorithm

    li_o(col) = 0;                  % exclude these

    [ro, co, va] = find(li_o);      % find out who the node can talk to

    [rr,cc] = find(va < li_cost(co));   % compare to current costs

    li_cost(co(cc)) = va(cc);       % update cost

    li_pred(co(cc)) = ini;          % update predecessor

end

% Find the tree structures

u_pred = unique(li_pred);       % get the unique predecessors of each node

u_pred = u_pred(2:end);         % disregard the predecessor of the central node

leafs = zeros(L,1);             % vector containing the leaf nodes of eac node

for n_loop = 1:length(u_pred)

    [row,col] = find(u_pred(n_loop) == li_pred);

    for in_l = 1:length(col)

        leafs(u_pred(n_loop),in_l) = col(in_l);

    end

end

8.4 MAP Detector

detect3.m

% [s_detect,Perr] = detect3(r_,s_,h_,h_ni,n_h,sig, ind_n, P_e_)

% outputs: 

%          s_detect - signal that is coming out of detector

%          Perr     - probabilty of error for the given signal

% inputs:  

%          s_       - original signal

%          r_       - received signal from transmitter for this node

%          h_       - fading channel value from transmitter for this node

%          h_ni     - fading channel values for node information

%          n_h      - the noise for the internode channels

%          sig      - std. deviation of noise from transmitter to the current node

%          sig1     - std. deviation of inter-node noise from leaves to current node

%          ind_n    - number of nodes that are sending information

%          P_e_     - probability of error at each s hat for all previous nodes

function [s_detect,Perr] = detect3(s_,r_,h_,h_ni,r_i,sig,sig1,ind_n,P_e_)

m = length(r_);                       % n nodes, m symbols

s_detect = zeros(1,m);                % each node detects -->n detections

state_vec = [1 -1];                   % array [s];

map_vec = zeros(length(state_vec),m); % matrix used to choose the max value

% calculate prob of error for each internode input to use in detection

P_c_ = 1 - P_e_;

% MAP Detector

map_vec(1,:) = log(1/(pi*sig^2)) - (abs(r_ - h_).^2/(sig^2));

map_vec(2,:) = log(1/(pi*sig^2)) - (abs(r_ + h_).^2/(sig^2));

% add inter-node terms

for ji = [1:ind_n]

    map_vec(1,:) = map_vec(1,:) + ...

        log((1/(pi*sig1(ji)^2))*exp(-(abs(r_i(ji,:) - h_ni(ji,:)).^2)./sig1(ji)^2).*P_c_(ji) + ...

            (1/(pi*sig1(ji)^2))*exp(-(abs(r_i(ji,:) + h_ni(ji,:)).^2)./sig1(ji)^2).*P_e_(ji));

    map_vec(2,:) = map_vec(2,:) + ...

        log((1/(pi*sig1(ji)^2))*exp(-(abs(r_i(ji,:) + h_ni(ji,:)).^2)./sig1(ji)^2).*P_c_(ji) + ...

            (1/(pi*sig1(ji)^2))*exp(-(abs(r_i(ji,:) - h_ni(ji,:)).^2)./sig1(ji)^2).*P_e_(ji));

end

[val ini] = max(map_vec);       % select the max indeces

s_detect = state_vec(ini);      % choose s = 1 or s = -1

Perr = sum(s_detect ~= s_)/m;   % Prob. of error for this node

8.5 Common Functions

8.5.1 dist.m

% calculates the distance between two i and j points 

% that have 3 cardinal values

function res = dist(xi,yi,zi,xj,yj,zj)

res = sqrt((xi-xj).^2+(yi-yj).^2+(zi-zj).^2);

8.5.2 dist_node.m

% calculates distance 

function v_c = dist_node(xi,yi,zi)

leni = length(xi);

v_c = zeros(leni,leni);

for ret = 1:leni

    v_c(ret,:) = sqrt((xi(ret)-xi).^2+(yi(ret)-yi).^2+(zi(ret)-zi).^2);

end

� EMBED Equation.3  ���





� EMBED Word.Picture.8  ���
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