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Project Scope

Project Description
Key Goals

Project Description

—@ Software Defined Radio
—@ [rigger
—@ Radio Frequency (RF)

—@ Reflected Power
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Key Goals

Design/Produce
Working Prototype

Reduce Cost of
Envelope Detection

Display Sweep Length
and Control Frequency
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Project Scope
Markets and Stakeholders

Market Stakeholders

—@ Magnetic Laboratories —® National High Magnetic

Field Laboratory

—@ Tech-based Companies
—0 Keysight

—@® Government & Defense
—® Researchers

——@ Service Providers

—® Researchers

Emil Lobachev
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Customer Needs / Requirements

Needs Synopsis

Customer Requirements
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Needs Synopsis

Customer Needs / Requirements

Needs Synopsis

S JORX
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Customer Requirements
Customer Needs / Requirements

Customer Requirements

Block Diagram

Emil Lobachev
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Targets

Metrics

Overview
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Introduction Concept Generation | Metrics

Project Scope Concept Selection Overview
Customer Needs / Requirements Bill of Materials
Targets Summary

Metrics

—® Why targets are helpful

—@ List Format

——=@ Target Report

« Validates the targets
 Tools
 |nstruments
« Measurements

Kyle York
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Introduction Concept Generation | Metrics
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Customer Needs / Requirements Bill of Materials
Targets Summary

Target Overview

\ 4

\ 4

\ 4

\ 4

\ 4

\ 4

\ 4
\ 4

A 4

\ 4

\ 4

\ 4

Kyle York
COMPUTER AND ELECTRICAL ENGINEERING

) FAMU-FSU Engineering 18



Concept Generation

Concept Metrics

Generation Methods
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Biomimicry

Anti-Problem

Design Options

Asher Rich and Gabriel De Leon
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Concept Generation | Concept Metrics
Targets

Concept Metrics

—@ External Search

——@ |Internal Search

Asher Rich
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Concept Generation | Concept Metrics
Generation Methods

Targets

Generation Methods

—® Morphological Chart
——= Biomimicry
—® Anti-Problem

Asher Rich
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Concept Generation

Generation Methods
Morphological Chart

—@ (Chart |

Generation Methods

—® Chart ll

On Bi-
. : ] One (two Two (one Two (two
Attenuation On SDR Directional On Box to SDR Number of SDRs P T e AT FeE]
Coupler
Digital
. g Soldered Input SDR Adalm Pluto HackRF One SDRplay DUO
Trigger Interpreter : :
.. Connection Connection
(D1) Circuit Power Battery DC Power USB Power
Interface Keyboard Switches Buttons
Internal SDR External (PC or
Storage 4 Dri Cloud
Software SDRuno Simulink SDRangel Memory Hard Drive)
In-Lab Tri ADC Control Tagged Sink | Separate Circuit
. . . rigger ontro agged Sin eparate Circui
Monitor
Display PC Monitor 0] .tO =l Implementation | (DMA Recording) Block PCB Design
Device
Asher Rich
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Introduction Concept Generation | Concept Metrics

Project Scope Concept Selection Generation Methods
Customer Needs / Requirements Bill of Materials Design Options
Targets Summary

Generation Methods
Biomimicry
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Concept Generation | Concept Metrics
Generation Methods

Targets

Generation Methods
Anti-ProbIe

USB vs Wireless Connection of Prototype 1o PC SDR vs USB Osciloscope for analog signal analysis

Hao(‘:’kRF one

GREAT SCOTT GADGELS

US8 Osciloscope

Wifi Module

SDR connected to Display with US8 LCD display mounted on top of SOR

Gabriel De Leon
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Introduction Concept Generation | Concept Metrics
Project Scope

Concept Selection Generation Methods

Customer Needs / Requirements Bill of Materials Design Options
Targets Summary

Design Options
—@ High Fidelity Concepts

SIS EIEE
EEEEEEE
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Concept Selection

Marketing and Engineering Matrix
House of Quality

Pairwise and Consistency

Analytical Hierarchy Process

Pugh Chart

Initial detailed design

Jonathan Burt and Emil Lobachev
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Introduction Concept Generation | Marketing and Engineering Matrix Analytical Hierarchy Process

Project Scope Concept Selection House of Quality Initial detailed design
Customer Needs / Requirements Bill of Materials Pugh Chart
Targets Summary Pairwise and Consistency

Marketing and Engineering Matrix

Customer/
Engineering
Need 4

Customer Needs and
Requirements correlation
S

—e

Engineering
Requirement
3

Customer
Need 1

Engineering Assembly in a Connected to an
Requirements single unit external trigger

Customer Need Polarity

Prototype of a single unit +

Reparability in case of 1
failure

Jonathan Burt
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Introduction Concept Generation | Marketing and Engineering Matrix Analytical Hierarchy Process
Project Scope Concept Selection House of Quality Initial detailed design

Customer Needs / Requirements Bill of Materials Pugh Chart
Targets Summary Pairwise and Consistency

House of Quality

Customer and
—® Engineering requirements C°r'°“s
against Targets

Engineering Requirements

/ \

Assembled in Connected to an
a single unit external trigger

SsreTee 6 A SrElE WAt Targets
roto e OT a singie uni

1 unit 2 triggers

Targets

Jonathan Burt
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Concept Selection

Pairwise and Consistency

Pairwise Comparison and Consistency Check

——=@ Compared on —® Equal to very important

Sorted Weights

No National Instruments components or software

Output digital signal from prototype will have at least 8-bit resolution
Avg of Consistency
Vector, A

Consistency Index Consistency Ratio

(n =14, Rl = 1.57)

Range of 600MHz-800MHz for received and reflected signals
Sampling rate of the SDR will be higher than required minimum
Several times the bandwidth of the carrier frequency of the pulse
Will capture the entire sample (pulse train)

Quick access to hardware or code in software in case of failure
SDR will have enough bandwidth to demonstrate the envelope _. C R < O _ 1

Prototype will be connected to an external trigger
Transmit data signal to PC for review, analysis, and storage
Receive experiment output for analysis
External storage of received data

Stays under budget

Assembled in a single unit Jonathan Burt
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Analytical Hierarchy Process
Concept Selection

Analytical Hierarchy Process

Output digital signal from prototype will have at least 8-bit resolution

Pairwise Comparison | Lo Lastes Lo s e
Weights Option 1 0.39

Option 2 2 0.67

—0

Option 3 1/2 0.2

W Option1 | Option 2 | Option 3

Output digital signal from 0.112 0.044 0.075 0.023
prototype will have at least 8-bit

resolution

Score 0.371 0.354

Jonathan Burt
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Concept Selection
Pugh Chart

Pugh Chart

—e BaS|C Output digital signal will have at
- least 8-bit resolution
Comparison

Connected to an external trigger

Score

——=e Integer Weighting Continue?

Output digital signal will have at least 8-
bit resolution

Connected to an external trigger

Score

Continue?

Jonathan Burt
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Introduction

Project Scope

Customer Needs / Requirements
Targets

Concept Generation
Concept Selection
Bill of Materials
Summary

Pugh Chart

Marketing and Engineering Matrix
House of Quality

Analytical Hierarchy Process
Initial detailed design

Pairwise and Consistency

elected Design Conce

——=e Original Concepts

——=0 Merged Concepts

Column6 [Column7| Column8 | Column9

Connection
to PC

Number of
SDR

Trigger

Attenuation . .
implementation

Prototype 1

Trigger Display Software Language

Two (one
receiver

. Windows
. Tagged Sink PC :
ADALM Pluto On SDR Soldered connection Block USB 2.0 monitor 10 .Slfnul

port) ink

MATLAB
Python

27
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Column12 | Columnl3 | Columnl4
Prototype
Box
Material

Columnl0 | Columnl1

Prototype
Box Shape

Prototype  Prototype Box

intcrinos Box Design Size (LxWxH)

Power Storage Biomimicry

ABS Plastic
(3D
Printing)

External
(PC Hard
Drive)

Closed and
accessible

Medium
(10x8x4 in)

Solid

USB Power construction

Keyboard Cubical

Emil Lobachev
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Concept Selection

Detailed Signal Flow Analysis Block Diagram

Pulsed Source

A

v :

TTL Signal

Power Amplifier

High Power

A —— .

1
1
1
1
1
1
|
:
A 4

Attenuator

ADALM Pluto 1

Xilinx Zyng XC72010-1CLG225C

Receiver 1

INg_Low

Digital Filtering

Initial detailed design

and Equalization

Bidirectional
Coupler

Trigger SMA

Trigger SDR Pin Tagged Sink Block

Lower Power

> Attenuator

ADALM Pluto 2

Xilinx Zyng XC72010-1CLG225C

» Receiver 2

OUTRF Low

Digital Filtering

and Equalization

Trigger SMA

Trigger SDR Pin

Tagged Sink Block

£ FAMU-FSU Engineering

Lab

Computer
DATA STORAGE

Analysisgr pig

A

Lab
Monitor

DC Power
Supply

Emil Lobachev
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http://www.xilinx.com/products/silicon-devices/soc.html
http://www.xilinx.com/products/silicon-devices/soc.html

Concept Selection Initial detailed design

SDR Choice

RF coverage 325 MHz to 3800 MHz
_ ADC resolution 12-bit ADC
2
ADC Sample Rate 65.2 kSPS to 61.44 MSPS
- k2 Software Support MATLAB, Simulink

Features GNU Radio sink and source
blocks

Language Support C, C++, CH# and Python API
Power USB 2.0, Optional DC Power

Emil Lobachev
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Concept Selection Initial detailed design

Data Inputs and Output

IN Source IN Reverse Trigger PC Monitor
2 D) )

Emil Lobachev
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Concept Selection Initial detailed design

Input 1 and 2: Attenuators

Implementation g.l

8/NPOop Buuipa] 8A139Y 4AS
oLN1d-W1Tvav

BEOJ BAVHM O OVIHY

‘saoinza
SOTVNY

IN Reverse

B | Usinga 20dB
g8’ | attenuator to

avoid overload

Emil Lobachev
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Concept Selection Initial detailed design

Input 3: Trigger

Trigger connection Block Diagram
SDR 1
Reverse signal
ocC
Probe

GPIO Pin SMA Trigger data
connection RF pulse train

SDR 2

Tagged Sink Receiver
Block Input signal

Pulse Source
SMA Trigger data TTL Trigger
connection

Emil Lobachev
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Concept Selection Initial detailed design

Trigger connection Block Diagram
SDR 1
!
Block Reverse signal

GPIO Pin SMA Trigger data .
connection RF pulse train
SDR 2

Tagged Sink Receiver
Block Input signal

— Pulse Source

GPIO Pin SMA Trigger data TTL Trigger
connection
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Concept Selection Initial detailed design

MATLAB Support
* Only Receive Cable MATLAB

Transmit Antenna/Cable integration Wi” be used

Transmitter

. Support Package . .
foruasor N * MATLAB Simulink software

Object Over-The-Cable
Transmission b I O C kS

ADALM-Pluto radio

Receiver

Signal Receiver Sufi?%izfsgg?{ge ° SOftwa re u S e d fo r D ata
(MATLAB) Recei(\)/E;eSC\istem Receive Antenna/Cable A n a |yS i S a n d Sto ra ge

Emil Lobachev
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Concept Selection

Initial detailed design

Trigger MATLAB implementation

Options
ID: top_block
Generate Options: WX GUI

Signal Source
Sample Rate: 32k
Waveform: Cosine
Frequency: 1k
Amplitude: 1
Offset: 0

Noise Source
Noise Type: Gaussian
Amplitude: 100m
Seed: 0

Variable Variable
ID: samp_rate ID: trigger
Value: 32k Value: -1

Throttle
Sample Rate: 32k

Constant Source
Constant: -1

) FAMU-FSU Engineering

WX GUI Scope Sink
Title: Scope Plot
Sample Rate: 32k
Trigger Mode: Auto

Y Axis Label: Counts

Burst Tagger

True KeylD: burst Tagged File Sink

True Value: True
False KeyID: burst e

False Value: False

35
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Concept Selection

Initial detailed design

Prototype Unit

Input RF signal TTL Trigger

Reverse RF signal

&) FAMU-FSU Engineering

DC Power

36
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Bill of Materials

BOM Structure
BOM information

Purchasing

Gabriel De Leon
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Introduction Concept Generation | BOM Structure
Project Scope Concept Selection BOM Information

Customer Needs / Requirements Bill of Materials Purchasing
Targets Summary

BOM Structure

Software
Defined
Radio BNC to SMA
Adapter

ADALM
PLUTO

HACKRF
(0])] =

Gabriel De Leon
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BOM Structure
BOM Information
Bill of Materials

Targets

BOM Information

—o

ltem Reference Number

Description of Iltem

QU antlty Item Ref # Item Item Cost Total Cost
ADALM 150 310.69
PLUTO SDR
ltem Cost utos
HACKRF SDR 299.95 299.95
Total Cost JEW 50DR- 40.00 80.00

055
ATTENUATOR

BNC to SMA
ADAPTER

Gabriel De Leon
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Introduction Concept Generation | BOM Structure
Project Scope Concept Selection BOM Information
Customer Needs / Requirements Bill of Materials Purchasing
Targets Summary

BOM Information

—o0

ltem Reference Number

Description of Iltem

Item Ref # Item Item Cost Total Cost

Quantity

1 ADALM 150 310.69
PLUTO SDR

ltem Cost

Total Cost

Gabriel De Leon

COMPUTER AND ELECTRICAL ENGINEERING

e % FAMU-EFSU Engineering 39



BOM Structure

Bill of Materials Purchasing
Targets

Purchasing

—0 \/endors

——0 \Websites

MOUSER

Y ELECTRONICS.

Gabriel De Leon
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Summary

Introduction Concept Generation

Project Scope Concept Selection

Customer Needs/
Requirements

Bill of Materials

Targets

Jonathan Burt
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