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Abstract

This paper discusses the development of DTV 
receive antennas. Examples include a compact 
tapered loop-reflector element and a CEA-909A 
compliant smart antenna. Technical issues such 
as NEC and X-FDTD computer simulations are 
discussed side by side with the marketing issues 
that must be solved to create a high performance 
commercially successful DTV receive antenna.
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Overview

� Simulation & design tools

� Antenna design considerations

� Clearstream antennas

� CEA-909A compliant smart antenna



  

EM Analysis Methods

� Method of Moments (MoM)
� Matrix solution to EFIE/MFIE
� Efficient for wire frames & conducting surfaces

� Finite Difference Time Domain (FDTD)
� Stepwise solution to Maxwell equations
� Single run provides broad band data via FFT

� Geometrical Theory of Diffraction (GTD)
� High frequency asymptotic solution

� Others – FEM, TLM, FMM, etc.



  

NEC / AntennaCAD

� Numerical Electromagnetics Code (NEC)
� MoM code developed by LLNL since early 1980's
� Fortran source (~17000 lines)
� Command line interface, ASCII outputs
� Hard to use without supplementary programs
� NEC-2 is free, NEC-4 requires license (~$1000)

� AntennaCAD
� GUI simplifies using NEC
� Developed by John Ross since 1994
� Easy setup, execution, and viewing of outputs



  

NEC / AntennaCAD Example

Wireframe vehicle model with conformal adaptive antenna



  

X-FDTD

� Developed by Remcom, Inc. State College, PA

� 2D & 3D CAD Import, ACIS Solids Export

� GUI to configure inputs, run processes, view 
outputs

� Multiprocessor, MPI cluster and GPU versions



  

X-FDTD Example

Field snapshot of radiation from 
monopole on vehicle roof



  

X-FDTD Example

X-FDTD simulation of four element flat panel array at 2.4 GHz.



  

FEKO

� Developed by EM Software & Systems, SA
� General purpose solver includes MoM, FEM, 

GO, GTD, FMM, etc.
� GUI to configure inputs & view outputs
� Includes some optimization capability
� Expensive, but worth it for some problems



  

Search & Optimization Methods

� Manual Cut & Try Approach
� Slow but still used in the lab and with ”forward” 

solvers
� Genetic Algorithm (GA)

� Based on Darwin's principles of natural genetics 
and ”survival of the fittest”

� Simulated Annealing (SA)
� Analogous to heating & cooling of metals

� Ant Colony Optimization (ACO)
� Food search & pheremone trails models



  

GA-Suite

� Developed by John Ross starting in 1994
� GA shell for Spice, NEC, FEKO and OSU BSC
� Runs forward solvers in iterative fashion to 

automate search for geometry, circuits, material 
configurations, etc. That provide desired 
performance.

� GUI for configuring encoding, cost functions, 
constraints, search options, etc.

� SMP for multiprocessors and PVM for 
heterogeneous networks



  

GA-Suite GUI



  

Mechanical CAD Programs

� Antenna analysis & design work involves use of 
wide range of CAD formats

� Rhino 3D
� Surface and solid manipulation
� Translation between various formats
� Extendable using plugins
� Very cost effective (~$1000)

� CADKEY
� Good wireframe editor



  

Antenna Design Considerations

� Consumer Attitudes
� Consumer Preferences
� Regulatory & Market Factors
� R&D Considerations



  

Consumer Attitudes

� Do not know that digital TV is available for free 
using an antenna!

� Little or no knowlege about antennas and RF.
� Not willing to invest a lot of time and effort in 

selecting and installing an antenna.
� Easily frustrated and tend to ”punt” (i.e. order 

cable or satellite!) rather than resolve 
complicated antenna installation/ reception 
issues.

� Have low expection for antennas (i.e. They 
hope rather than expect them to work!)



  

Consumer Preferences

� Small, covert or decorative antennas are best!
� Easy ”fool proof” installation.
� Indoor models preferred (~80% of market).
� Outdoor models should have small form factor 

and blend with home.
� No fussing with manual adjustment for each 

channel means no knobs or rotors
� Bottom line: Large combo (VHF/UHF) antennas 

don't sell!



  

Regulatory & Market Factors

� Post 2009 Transition:
� UHF spectrum reduced by 100 Mhz
� ~74% stations on UHF, ~25% high VHF, ~1% low 

VHF
� Small package size key due to shipping & shelf-

space requirements
� Bottom Line:

� New designs target UHF & some high VHF
� Low VHF abandoned.



  

R&D Considerations

� Relatively little R&D on consumer grade TV 
antennas for last several decades.

� Most designs on the market:
� Predate the introduction of CEM software & modern 

search & optimization algorithms 
� Were developed for the perceived needs of an 

earlier generation of TV viewers
� Are not optimal for post 2009 channel allocations

� Opportunity to develop new and superior 
products for today's viewers



  

Genesis of Clearstream

� Project started in mid 2006 as an effort to 
integrate an antenna with a DTV converter box.

� Early concept was a simple rod dipole enclosed 
in flip-up mechanism that allowed rotation.

� Since the antenna is key to reception better 
solutions were investigated.

� Results of investigation lead to whole new line 
of antenna products.



  

Original Design Goals

� Design an antenna integral to a converter box 
that meets the needs of about 85% of the 
population.

� Maximum gain across post 2009 UHF DTV band
� ”Residual” reception on high VHF
� Compact, low cost, mechanically robust and 

aesthetically pleasing (i.e. High WAF)
� A discount coupon would be included to allow 

consumers to upgrade to a larger antenna if the 
integrated antenna was found to be insuffiicent.



  

Early Design Concepts



  

Early Design Concept



  

Candidate Architectures

� Experience and literature suggested:

� Fan Dipoles / Bow Ties with reflector

� Sleve Dipoles with reflector

� Full-Wave Loops with reflector
� ~ 9dBi gain possible with close spacing
� Must solve impedance bandwidth issue



  

Initial GA-NEC Search

� Encoding varied:
� Loop radius, wire radius, loop to reflector spacing, 

reflector size
� Cost functions:

� Maximized forward gain and constrained VSWR < 3 
across post 2009 UHF band

� Results showed that there were definitely trade 
offs that impacted gain & bandwidth but that 
there was hope for a fairly compact high 
performance antenna



  

Full Wave Loop – reflector



  

Loop-Reflector
VSWR vs Reflector Size



  

Loop-Reflector 
Gain vs Reflector Size



  

Reflector with ”Baffle” reduces 
size slightly



  

Loop-Reflector Prototypes



  

Measured VSWR vs Frequency



  

Early Off-Air Data



  

X-FDTD & FEKO Modeling



  

Mission Impossible

� After examining tooling of protoytpe shell client 
feels it is still too large to be commercially 
successful!

� Requests size reduction of 15% in each linear 
dimension without reducing performance!



  

Size Reduction Strategy

� Investigate the following:
� Alternative element geometries
� Alternative aspect ratios
� Discrete & distributed element loading

� Summary
� Original design was near the edge of a ”cliff”
� Alternative aspect ratios did not help
� Alternative element geomety helped some
� Element loading and material options were not 

explored in depth



  

Tapered Loop Geometry

� UWB radar literature 
suggests tapered 
circular slot so we 
use tapered loop

� Simulations indicate 
improved bandwidth

� More aesthetically 
pleasing geometry!

� Wide beamwidth is 
easier to point than 2-
bay bow tie



  

Consistent 70 degree beamwidths

DB2 varies 
from 62 to 45 
degrees over 
same band!



  

New Directions

� Stay with tapered loop motif and investigate:
� Effects of PCB baluns
� Effects of plastic housings
� Arraying options
� VHF and multi-band solutions



  

Tapered Loop with PCB Balun



  

PCB Balun



  

Effect of PCB Balun
Gain & Return Loss



  

Tapered Loop – Reflector in 
Extenable Plastic Housing



  

Effect of Housing
Gain & Return Loss



  

Dual Tapered Loop



  

Dual Tapered Loop
Gain & return loss



  

Benchmarking

� Lab / Range:
� Off-air tests are too variable
� Calibrated ranges are too expensive.

� Simulations:
� Inexpensive
� Patterns accurate
� Input impedance less accurate

� Approach:
� Use simulation & validate with tests of input 

impedance / VSWR and spot checks off-air.



  

Simulation Database: Antennas 
Direct & Competitors



  

DB2
Gain & VSWR



  

Mechanical & Manufacuturing 
Issues!

� Flip out design abandoned and replaced by U-
shaped design for indoor antenna & tuner



  

Dual Band Tapered Loop Concept

Sub-reflector disc



  

Dual Band Tapered Loop 
Gain & Return Loss



  

Dual Band Tapered Loop



  

Compact High VHF Concept

� Goals
� Create compact high VHF version of loop-reflector
� Try to use existing parts & minimal manufacturing 

issues
� Strategy

� Use reflector from existing DB4 (4-bay UHF) model
� Design rectangular loop using standard square 

stock
� Inner radius of ”taper” approximated with tuning bar



  

Compact VHF Loop & Tuning Bar



  

C5 Gain & VSWR



  

Clearstream Launch

� Summer 2008
� C1 – UHF single loop
� C2 – UHF dual loop
� C4 – UHF quad loop

� Q1 2009
� C5 – high VHF rectangular loop
� Lacrosse Micron - UHF single 

loop in U shape
� C10 – U-shaped single with 

integrated converter box



  

NAB Smart Antenna Initiative

� March through December 2008
� Goals:

� Stimulate development of CEA-909A compliant 
smart antennas capable of solving common indoor 
reception problems.

� Encourage adoption of CEA-909A ”single wire 
interface” by television manufacturers.

� Generally make it easier for consumers to receive 
off-air DTV and thus increase viewership.



  

CEA-909A Antenna Interface

� 909 specifies antenna control via 6-wire cable.
� 909A adds multiplex over coax
� Mode A transfer:

� 2 bits for Gain / Attenuation
� 1 bit for polarization
� 2 bits coarse direction
� 2 bits fine direction
� 7 bits channel

� Mode B transfer provide greater functionality 
but are manufacturer specific



  

NAB Reconfigurable Antenna

� Make use of Mode A transfer
� Compact low-profile VHF/UHF reconfigurable 

element that adjusts resonant frequency based 
on channel data

� Select from one or more compact elements to 
effect beam steering / diversity reception

� Adjust gain / attenuator
� Select polarization (H or V)
� Bookshelf form factor (10 in x 10 in x 20 in)



  

Firmware Issues

� CEA-909 does not specify firmware!
� Capabilities and features vary by manufacturer:

� RCA/Broadcom offers fairly comprehensive channel 
search but does not implement polarization.

� Apex model does very limited search.
� Manufacturers of CEA-909 antennas will likely 

need to educate consumers on the firmware 
capabilities of various converter boxes and 
televisions.



  

Block Diagram of 909A Compliant 
Reconfigurable Antenna



  

Basic Reconfigurable Elements

Dipole Slot

Loop
Microstrip



  

Reconfigurable Microstrip Disc

� Circular disk element with shorting pins to effect 
tuning

� Dual polarization (H and V polarization)
� Control electronics resides behind reflector to 

reduce coupling to control electronics and 
simplify simulation & design

� Trade-off thickness versus bandwidth and 
number of switches



  

Rev 001 UHF Microstrip Disc

� Height = 30 mm
� Backplane 300 mm x 300 mm
� Element Diameter 270mm 
� Two feeds (H & V)
� 4 switches = 16 states per polarization



  

Rev 001 Geometry



  

Rev 001 Tuning States



  

Thick (50mm) microstrip UHF 
reconfigurable gain & VSWR



  

Rev 001 Prototypes

� Jumpers
� PIN Diode Switches
� Reed Relays



  

Measured VSWR - Relays with no 
top hat caps
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Building Block Approach



  

Spin-off technology

� ”Smartifier”
� Adds intelligence to 

old fixed geometry 
antennas

� CEA-909A compliant 
4 to 1 antenna 
selector automatically 
chooses proper 
antenna for best 
reception.

� Cavity backed circular 
slot antenna with T-
Bar feed.



  

Smart Antenna Product Launch

� Clearstream Intelligent
� Prototype testing & evaluation December 2008.
� Cost reduction phase Q1 2009.
� Launch Q2 2009.

� ”909A” Smartifier
� Prototype testing & Evaluation Nov 2008.
� Launch Q1 2009



  

Summary

The transition to digital television, coupled with 
changing consumer preferences, the availability of 

advanced computer tools, new materials & 
manufacturing methods, and new standards for 

integrating antenna & receiver may lead to a 
renaissance in the world of TV receiving antennas 

and improved viewing for consumers.



  

Backup Slides

� Genetic algorithms
� OSU-BSC
�



  

Ohio State University BSC

� OSU Basic Scattering Code 4.2
� Command line solver
� Cost ~ $500

� OSU NEC-BSC Workbench 4.1
� Windows based GUI for geometry entry and post 

processing
� Cost ~$500



  

OSU-BSC Example

Ray tracing to compute field from satellite radio antenna on vehicle roof

Plate model of vehicle



  

Advantages of GAs

� Relatively efficient
� Not as fast as gradient methods, but much 

faster than random or exhaustive searches.
� Does NOT require derivative information.
� Tends NOT to get stuck in local minima.
� Does NOT require initial guesses.
� Can handle discrete or discontinuous 

parameters and non-linear constraints.
� Can find “non-intuitive” solutions.



  

Chromosomes

� Contain all information necessary to describe 
an individual.

� Composed of DNA in nature or a long binary 
string in a computer model.

� Chromosomes are composed of genes for the 
various characteristics to be optimized.

� Chromosomes can be any length depending on 
the number of parameters to be optimized



  

Encoding

� Defines the way genes are stored in the 
chromosome and translated to actual problem 
parameters.

SSA Example
1101 1001 0010 1001

Switch Configurations

Antenna  Synthesis Example
1010   0101    0010    1111
Length   Diameter    Height       Radius



  

Fitness (Cost function)

� A single numerical quantity describing how well 
an individual meets predefined design 
objectives and constraints.

� Can be computed based on the outputs of 
multiple analyses using a weighted sum.

� Definition of good fitness functions is highly 
problem dependent.
 



  

Fitness (Cost function)

� A single numerical quantity describing how well 
an individual meets predefined design 
objectives and constraints.

� Can be computed based on the outputs of 
multiple analyses using a weighted sum.

� Definition of good fitness functions is highly 
problem dependent.
 



  

Crossover

� A method of exchanging genetic material 
between two parents to produce offspring.

� Single Point Cross-over

Parent B:       011011  01110

Parent A:       110110  11110

Cross-Over Point

Offspring A:   110110  01110
Offspring B:   011011  11110



  

Simple GA

� Population size depends on the problem.
� Fitter individuals have a higher probability of 

mating and passing on their genetic 
information to subsequent generations.

� Less fit individuals have a non-zero 
probability of mating to preserve diversity. 

� Mating is simulated by combining the 
chromosomes of two individuals at a 
randomly chosen crossover point. 

� Mutation is simulated by randomly changing 
a few bits in the chromosome of the 
offspring.

� Provides mechanism for exploring new 
regions of the solution space.

� Prevents premature convergence to local 
minima.

� Evaluate fitness of new generation and 
repeat  process for a specified number of 
generations or until a desired fitness level is 
attained. 


