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Hvad kunden ønsker… 
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Hvad kunden vil betale… 
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Kundens ønske til leveringstid… 
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Kundens ønske til størrelse… 
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Urealistisk..?? 

Ja, helt sikkert i ”gamle dage” … 

…men ikke nødvendigvis i dag. 



”It is dangerous to put limits on wireless” 

Gugliemo Marconi 
1932 



So, what is Software Radio..?? 

“A radio in which some or all of 
the physical layer functions are 

software defined" 
• Mange standarder 
• Mange protokoller 
• Meget funktionalitet til lille pris 
• Lille fysisk størrelse 
• Remote fejl-korrektion og opdateringer  
• Adaptive security 
 



”Software Radio” 
- omtales første gang i 1985 



Formaliseres i start-90’erne 

Joseph Mitola III 
“The Godfather” of software radio 

Software Radios; Survey, Critical 
Evaluation and Future Directions 

IEEE National Telesystems Conference, 1992 

"A software radio is a radio whose channel modulation 
waveforms are defined in software. That is, waveforms are 
generated as sampled digital signals, converted from digital 
to analog via a wideband DAC and then possibly 
upconverted from IF to RF. The receiver, similarly, employs a 
wideband Analog to Digital Converter (ADC) that captures all 
of the channels of the software radio node. The receiver 
then extracts, downconverts and demodulates the channel 
waveform using software on a general purpose processor."  



sdrforum.org (*) 
- introducerer i start-00’erne en taksonomi 

Hardware Radio, HR 

Ultimate Software Radio, USR 

* I dag http://www.wirelessinnovation.org/  

Software Controlled Radio, SCR 

Software Defined Radio, SDR 

Ideal Software Radio, ISR 



Major technology driver 
        Joint Tactical Radio System (JTRS), US Department of Defense 
 

• Påbegyndt i 1997 pba. mange inkompatible systemer 
“US army had short-range models for talking with the reconstruction team; longer-range versions for 
reaching headquarters 25 miles away; and a backup satellite radio in case the mountains blocked the 
transmission. An Air Force controller carried his own radio for talking to jet fighters overhead and a 
separate radio for downloading streaming video from the aircraft. Some of these radios worked only while 
the troopers were stationary; others were simply too cumbersome to operate on the move.” 

 
• Afbrudt 15 år senere i 2012 
“Our assessment is that it is unlikely that products resulting from the JTRS Ground Mobile Radio (GMR) 
development program will affordably meet Service requirements, and may not meet some requirements at 
all. Therefore, termination of the program is necessary.” 
 

• Pris; 6 mia. USD 
 

• Men…  
The core of JTRS is the Software Communications Architecture (SCA), an application framework for radios 
built on the Common Object Request Broker Architecture (CORBA) and a POSIX-based real-time operating 
system. SCA has managed to find a life outside of DOD in an open-source implementation that runs on 
Windows and Linux, called OSSIE. 



JTRS – Ground Mobile Radio 



…men så er der jo heldigvis andre 
applikationsområder 



Mobile Communication 

1980 1990 2000 2010 2020 

1G 

2G 

3G 

4G 

  SOFTWARE DEFINED RADIO 

C
ap

ab
ili

ti
es

 a
nd

 S
er

vi
ce

s 

SDR exploited to enable 
 more flexible products 

Software downloads 
for SDR products & service 

upgrade enhancements 

Network flexibility 
and spectrum utilization 

enhanced 



Artikel i IEEE Spectrum, April 2009 



SDR – The Holy Grail..?? 
Do We Still Need Software Defined Radio? 
By Craig Mathias Networkworld.com, on Mon, 05/04/09 - 8:42am.  
  
Technically, yes, absolutely. But in practice, an SDR-based handset may no longer be 

necessary. It's my guess that, by 2015 or so, essentially all handsets will need 
only LTE (with backwards compatibility) and Wi-Fi (802.11n, of course, also with 
backwards compatibility) - a little WiMAX, OK, sure, but that's it. So, if, let's say, 
80% of the worlds handsets can be built from a simple chipset that just does LTE 
and Wi-Fi, SDR in that capacity is of much less interest, although I expect that 
base stations will still be built fundamentally from SDR. A handset chipset that 
covers the LTE/Wi-Fi bases should be less expensive than one built from SDR, 
and consume less power as well. 

This is not to say that the many other benefits of SDR - including design flexibility 
and the ability to fix bugs and add features in the field - aren't valuable. They 
are. But these may simply be just too expensive given the need to control costs 
across the entire wireless WAN value chain, but especially in handsets. So, SDR 
remains technically interesting, and it may find a place in some 
implementations, but I'm beginning to doubt that it's the holy grail of handset 
design. 

http://www.networkworld.com/community/user/3436�


What’s inside an iPhone 5..?? 



The Apple A6 processor 
Produced 

From September 21, 
2012 to September 
9, 2015 

Designed by Apple Inc. 

Common 
manufacturer(s) Samsung 

Max. CPU clock rate 1.3 GHz 

Min. feature size 32 nm 

Instruction set ARM, Thumb-2 

Microarchitecture Swift; ARMv7-A 
compatible 

Product code S5L8950X 

Cores 2 

L1 cache 32 KB instruction + 
32 KB data 

L2 cache 1 MB 

Predecessor Apple A5 

Successor Apple A7 

GPU 
PowerVR 
SGX543MP3 (triple-
core) 

Application Mobile 



Modern Handset Platform = 
Radio Chip Sets + Multiple Processors 

Så jo, kritikerne fik ret – i hvert fald for så vidt mobil-kommunikation angår… 



Men SDR er så afgjort i live –  
”det myldre frem med PC dongles”  



Og specielt indenfor Ham Radio 
myldrer det frem med Stand-alone SDR 



Men hvordan gør vi så…?? 



Fra analog til digital (software) radio 



Lidt om komplekse tal 



Det komplekse tal-plan 



Basale regne-regler 



Repræsentation af komplekse tal 



Repræsentation af komplekse tal 



Vektor-rotation 



Komplekse tal som funktion af tiden 



Begge tal i samme komplekse tal-plan 



Teori versus praksis 



Topologi for analog AM-modtager 



Udfordring 



Complex heterodyne 



Quadrature mixer 



Give me I/Q and I can demodulate 
everything… 



…og hvad med SSB-SC 



Men fortsat ikke en software radio 



Pause 



Det løser ikke alle vores problemer 



Andre problemer ifm. DC-modtagere 



Vi flytter S/H og ADC fremad… 
Direct Digital Conversion (DDC) 



Lidt om sampling 
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Lidt om sampling 
• Discrete Time              Periodic Frequency 

• Anti-aliasing Filter 

Potentionally we may get this scenario !!

fs/2 fs-fs

fs > 2 fmax

Anti-aliasing Filter

Qx(t) x[n]

Sample & Hold Quantizer

Analog 
Signal

Digital 
Signal

Dette er jo et voldsomt problem for meget højfrekvente signaler,  
grundet krav til A/D-converterens hastighed, opløsning, effektforbrug, 
pris og størrelse, men så er det jo godt vi har Shannon… 



Bandpass Sampling (Under Sampling) 
Shannon siger; fS > 2 Bmax 



Sample Rate Conversion 

Efter down-conversion og (kanal-) filtrering har I/Q-signalet en  
båndbredde, som ikke ikke nødvendigvis berettiger den høje  
sample-frekvens fs   
 
For at reducere beregningsbehovet i (software) demodulatoren, 
kunne man argumentere for ned-sampling af de to sekvenser. 



Down sampling 
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θ

• xo[nM] indeholder det samme antal samples som sekvensen x[n],  og 
derfor er der i realiteten ikke foretaget nogen “sample rate” reduktion 
endnu… Men nu er det resulterende spektrum blevet periodisk indenfor 
området fra –π til π… 



Down sampling 
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Endelig modtager-topologi 

Eventually incl. an analog 
down converter => superhet 



ADC’en og dens dynamik 



Spektrum – en begrænset ressource 



Hallo – anyone out there..?? 

 



Lad os gi’ radioen lidt intelligens 
• Cognitive Radio (CR) 
is a type of wireless transmission in which communication 
systems are aware of their environemt and internal state, and 
can make decisions about their radio operating behavior 
based on that information and predefined objectives. 
 
• Dynamic Spectrum Access (DSA) 
is the real-time adjustment of spectrum utilisation in response 
to changing circumstances and objectes. 
 
• Software Defined Radio (SDR) 
is a necessary technology for implementing CR and DSA 



Dynamic Spectrum Access 



Cognitive Radio 

Adapt to 
• changing free spectrum 
• changing noise/interference 
• jamming signals 
• remaining battery life 
• changing applications 



So, what is Software Radio…?? 
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