Digital Signal Processing Technologies

Northern Arizona University

Bldg. 69, Room 280

Dr. Peter Blakey

RF Innovation
Dr. Blakey:

We appreciate the opportunity to develop the DSP-based Signal Modulation/Demodulation Simulator.  We look forward to a mutually beneficial project that we believe will provide both you and our team with valuable information and experience implementing this technology.

The revised project proposed is to create a DSP-based Signal Modulation/Demodulation Simulator in Matlab.  This module will perform signal modulation, channel simulation (noise and attenuation), IF filtering, signal demodulation, and audio signal processing.  A graphical user interface (GUI) will control the functionality of the Simulator.
The Simulator will have practical applications in an educational setting.  It will show visually the different stages of signal processing.  We will provide you with a user’s manual and a developer’s manual.  You will also receive documentation on all research and testing of the prototype.

The budget for this proposed project is $500.00. This money will be used for the project needs and demands.  Our financial/purchasing coordinator, David Ridyard, is tracking all monetary transactions, and the receipts will be provided to you.  


Dr. Blakey, we are requesting a response to our proposal at our scheduled meeting on Thursday March 11, 2004 and your presence at the Capstone Conference on April 23, 2004 at 10:30 am in the Fremont room.  Your comments and suggestions are encouraged and welcomed.  Please sign the Acceptance Document on page 10 if the proposal for the DSP-based Signal Modulation/Demodulation Simulator is what you have envisioned.
Contained within this document are the following sections:

· Executive Summary

· Design 

· Budget 

Sincerely,

Cari Fischer


David Ridyard
Cade Bradley

Thomas Wilhelmi
Connor MacDowell
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Executive Summary

1. Project Overview
Our goal is to design a Digital Signal Processing (DSP) based Modulation/Demodulation Simulator in Matlab.  The simulator will utilize a graphical user interface (GUI) to download a signal, control the modulation/demodulation scheme, and the filtering   personal computer system for listening or analyzing radio frequency (RF) signals.  This external system will take an intermediate frequency from a tuner/receiver and digitally process (through demodulation and IF filtering) the signal for use by an audio system or computer. 

2. Design Concept 

2.1. Modulation Block
Modulation block will use a .wav file as a modulating signal to simulate a down-converted radio signal with the choice of three modulation schemes (AM, FM, SSB) and intermediate frequency of 10 KHz.  Noise will be added through an option on the GUI with selections of Gaussian, random and no noise.  The added noise will simulate actual noise and attenuation that commonly occurs in the channel. The simulation process is as follows:
· Initial block for simulation of modulated signals

· Simulates down converted signals to be sent through demodulation schemes
· Simulate channel noise and attenuation

2.2. IF Filtering Block
The IF filtering block simulates the distortion caused by the channel of the system.  This distortion is both noise and attenuation.  These filters would be used to recover from the channel distortion.  Noise and attenuation options will be available on the GUI.  Included in the IF filtering block will be the following items:
· Intermediate frequency of 8-12 KHz.
· Filter out higher frequency noise before demodulation.

· Filters will be based off pre-developed filters (high pass, band pass, etc.) in Matlab
· Gain to recover from channel attenuation

· Simulate Analog to Digital converter (A/D)

2.3. Digital Demodulation Block
Developed algorithms will be used to digitally demodulate the simulated down-converted and filtered signal.  These algorithms will be patterned after the Coordinate Rotational Digital Computer (CORDIC) and use existing MATLAB functions.  Three demodulation methods will be displayed on the GUI as user options.  The GUI graphs will display the chosen method at different stages of the simulation.  The three 
· AM (Amplitude Modulation)

· FM (Frequency Modulation)

· SSB (Single Side Band)
2.4. Graphical User Interface

2.4.1. MATLAB coded
GUI will be functionally coded in MATLAB to allow user to control system, and select options.

2.4.2. User input band
The user will be able to select the following simulated down-converted signals from the GUI.  It will also allow the user to add noise and attenuation and see the effects.
· AM

· FM

· SSB
· Attenuation and Noise

2.4.3. Graphical display

Graphs will be used to display the following signals as well as real-time graphing when signal is being played on the computers speakers.

· Original signal

· Attenuated/Modulated signal

· Demodulated signal

2.4.4. Signal Play Options
User can choose to play any of the following three signals with real-time graphing.

· Original signal

· Attenuated/Modulated signal

· Demodulated signal

2.4.5. Integrated Functionality
GUI will be designed and used in MATLAB to control all functionality of the function.

· GUI controls MATLAB functions

· GUI controlled by user inputs
3. Deliverables and Budget

3.1. Deliverables
 Prototype - Working and tested MATLAB simulation to be delivered to client on April 23, 2004.  Product will be accompanied with manuals and documentation for both users and developers.
3.2. Budget
The majority of our budget went towards the DSP starter kit which will now go into future development for RF Innovation.  The remaining budget is $29.50.

3.3. Schedule
The remaining schedule is dictated by the Capstone Conference on April 23, 2004, with our presentation being at 10:30 AM.  Deadlines have been set on individual portions of the project to assure final project is delivered on time.  All set deadlines can be seen in Appendix A.
Design Section
1. Narrative Summary of Design Concept
A Modulation/Demodulation simulator will be created as an educational learning tool in MATLAB.  The MATLAB program will contain algorithms for computing the selected Modulation/Demodulation schemes for Amplitude Modulation (AM), Frequency Modulation (FM), and Single Side Band Amplitude Modulation (SSB).  A noise and attenuation optional function will be implemented to allow the user to see the effects of channel error. We will implement a GUI, created in MATLAB, to control software interactions as well as give the user the ability to operate our simulation.  GUI will allow the user to visualize the signals through graphical representations of the signals, and hear the signals by playing the signals on the computer’s speakers.  Our simulation is composed of the following software subsections: Modulation, Attenuation/Noise, Digital Demodulation, and the GUI.  MATLAB is used in the development and testing of each of the above subsystems.
2. Block Diagram

The block diagram in the figure below describes the flow of the simulation from left to right.  The ‘Saved .wave Files’ block is the input signals into the system.  These .wav files will be of different lengths and frequencies.  The .wav file will be selected by the user from the options provided on the GUI.  The other blocks are described above in their respective sections.
[image: image19.jpg]DSP-based Modulation/Demodulation
Simulator

saved m:lllllﬂkm
{

Audo 1





3. Analysis of the DSP-based Modulation/Demodulation Simulator

The analysis and testing of the simulator will be continuous throughout the development of the project.  The individual blocks will be tested and analyzed for accuracy at their completion.  The output of an individual block will be compared to a calculated output.  We will determine if we need to adjust the algorithm by calculating the error ratio. 

These components will be integrated in one cohesive unit and each possible path will be tested for accuracy.  We will compare the output of the test to the original signal inputted into the system.  We will calculate an error ratio between these two outputs and determine if we need to adjust our algorithms.  The error should not be audible through the speakers.
4. Decisions

Due to time constraints and the learning curve associated with the intense level of C++ needed for the project the following decisions have been made:

· MATLAB will be used for all code and algorithm development

· Design will implement a simulation only

· Design will be directed towards education

· Project will compliment an easy to understand presentation

· Presentation and project can be directed towards the general public

· Project will include research of further applications and external module implementation

· Simulation will use a simulated 8-12 KHz intermediate frequency for speed and ease of operation

· Modulation will only simulate these intermediate frequencies

· Demodulation will use team and MATLAB developed algorithms for compatibility with GUI

· Option of creating real-time application if first module completed before deadline
5. Research

Research of existing MATLAB code and GUIs shows that approximately 10 KHz is the maximum intermediate frequency (IF) that can be used for real-time applications in MATLAB code and GUIs.   This maximum IF is only applicable to real-time inputs, and that in creating code using pre-existing .wav files can run at faster speeds.   We have run pre-existing .wav files up to the 455 MHz range and there was a noticeable audible difference.  However a decision was made to use the 8-12 KHz IF range because it models down-converted signals in pre-existing digital demodulation schemes.  Research of MATLAB GUIs has been promising and it has shown that interesting and educating GUIs have a place in education and research.
6. Constraints
6.1 Costs
As of March 5, 2004 we are left with a budget of $29.50 of the original $500.  The majority of the budget has gone to research and future development cost with the purchase of a DSP development kit.  At this point the budget has not become a serious cost, however if $1000 more was invested into the project MATLAB can be used to program the DSP development kit.  All other supplies have been provided by Northern Arizona University.  Budget may change with any unforeseen expenses.
6.2 Time

Time as in any case is always constraining, being that a final project and design must be presented on April 23, 2004.

6.3 Sustainability

Due to our Client’s request, algorithms will need to be updated by downloading patches and/or newer versions of the software.  In addition, the GUI’s ease of operation will allow any individual to operate the system.

Budget Section
1. Cost

The majority of our budget went towards the DSP starter kit which will now go into future development for RF Innovation.
	
	
	
	
	
	Starting Budget
	$500.00
	

	
	
	
	
	
	
	
	
	

	Date
	Description
	Supplier
	Payment
	Balance

	11/21/2003
	DSP Starter Kit
	Spectrum Digital
	$413.00
	$87.00

	11/4/2003
	Team Binders
	Staples
	$43.79
	$43.21

	11/20/2003
	Binder Dividers
	Staples
	$7.74
	$35.47

	11/17/2003
	Combination Locks
	Home Depot
	$5.97
	$29.50

	12/2/2003
	Building/Room/Lab Usage
	NAU
	supplied
	 

	12/2/2003
	Computer Usage
	NAU
	supplied
	 

	12/2/2003
	Software (Matlab, Simulink)
	NAU
	supplied
	 

	12/2/2003
	Phones
	NAU
	supplied
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 

	
	
	
	
	
	Received
	$0.00
	

	
	
	
	
	
	Payment
	$470.50
	

	
	
	
	
	
	Current Balance
	$29.50
	


2. Payment Arrangements
We, Team DSPT, were allotted five hundred dollars for this project.  We will cash the check and use this money for project needs and demands.  Our financial/purchasing coordinator is in charge of tracking the money, and keeping receipts that will be provided to our client.  We will create an excel file with our latest purchasing and our account balance.  We will remain below our five hundred dollar limit and return any extra money, the excel worksheet, and all receipts to our client, Dr. Peter Blakey.
Acceptance Document
Name of Client

Dr. Peter Blakey of RF Innovation

Project

Objectives:  To deliver a fully functional DSP- based Modulation/Demodulation Simulator that will perform signal modulation, channel simulation (noise and attenuation), IF filtering, signal demodulation, and audio signal processing.

Deliverables and Dates:  
Capstone Presentation: April 23, 2004


DSP- based Modulation/Demodulation Simulator:  April 26, 2004

Equipment/Property/Resources Provided by RF innovation via 

Dr. Peter Blakey


Digital Signal Processing Technologies by: Doug Smith

Digital Signal Processing by: Avtar Singh and S. Srinivasan

Fee

Research and Development budget of $500 dollars

Disclaimer

The responsibility for opinions expressed in signed articles, studies and other contributions rests solely with their authors, and publication does not constitute an endorsement by the representative of RF Innovation, Dr. Peter Blakey.
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Connor MacDowell
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Signature
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Modulation Scheme
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–Frequency Modulation (FM)

–Single Side Band (SSB)

–Simulates Signal Transmission

Tom Wilhelmi


	___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

	Slide 12
	
[image: image12.emf]3/4/2004 12

Demodulation Scheme
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