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Arbejdsområder

Bredt defineret omfatter fagområdet kommunikationstek​nologi teori, teknik samt design og konstruktion af udstyr i forbindelse med overførsel og behandling af signaler og information. Afdelingen har har dog af strategiske grunde begrænset sit forskningsdomæne til trådløs kommunikation og relaterede emner. Afdelingen og Center for PersonKommunikation (CPK) (se forskningscentre) har erklæret fælles forskningsmål, som har manifesteret sig i dannelsen af følgende indsatsområder:

· Antenner og Udbredelse af Radiobølger

· Cellulære Systemer

· Digital Kommunikation

· RF Integrerede systemer og kredsløb

· Tale- og Multimediekommunikation

· Trådløse Netværk

· GPS.

Undervisning

Afdelingen varetager undervisningsopgaver i diplom- og civilingeniøruddannelsen inden for telekommunikation, informatik, kommunikationsnetværk samt signalbehandling. Inden for disse områder udbyder afdelingen en række engelsksprogede specialiseringer:

· Applied Signal Processing and Implementation

· Digital Communications

· GPS Technology

· Intelligent MultiMedia

· Mobile Communication

· RF Integrated Systems and Circuits

· Speech Communication.

Som led i universitets og afdelingens bestræbelser for internationalisering udbydes specialiseringerne tillige til danske såvel som udenlandske studerende med en diplom/bachelor-grad med henblik på erhvervelsen af en Master of Science grad.

Afdelingen er endvidere involveret i efteruddannelsesprogrammerne ELITE og MMIC (Mobile Internet Communication) samt Livslang Uddannelse.

Forskning

Beskrivelse af de enkelte indsatsområders forskningsmål:

 SEQ CHAPTER \h \r 1Antenner og Udbredelse af Radiobølger: Faggruppen inden for antenner og udbredelse af radiobølger fokuserer på aspekter inden for moderne trådløs kommunikation. Dette inkluderer selve udbredelseskanalen og dens karakterisering teoretisk og eksperimentelt samt indflydelsen af multi-element antennegrupper i deterministiske og stokastiske omgivelser. Antenner på håndsæt samt EMC aspekter er også inkluderet.

 SEQ CHAPTER \h \r 1Cellulære Systemer: Forskningsområdet for Cellular Systems faggruppen (CSy) retter sig hovedsageligt mod UMTS og udviklingen heraf hen mod 3.5 generationssystemer. Forskning udføres m.h.p. at forøge system spektraleffektiviteten (systemkapaciteten) og tillade højere maksimale bruger datahastigheder, herunder metoder til at implementere differentieret Quality of Service (QoS) til internet protokollen (IP). Der undersøges eksempelvis emner som relaterer sig til adaptive antennesystemer, diversitet og kanaludligning, højere ordens modulationsformer, QoS differentiering, tilgangskontrol og radio ressource kontrol. Generelt dækker forskningsemnerne lagene 1 (radioudbredelse og fysisk lag) til 3 (radio ressource kontrol).

Digital Kommunikation: Faggruppen Digital Kommunikation fokuserer sine forsknings- og undervisningsaktiviteter på digital kommunikation og signalbehandling med speciel vægt på trådløs kommunikation. Hovedformålet med forskningen er at identificere avancerede, effektive og anvendelige algoritmer til tredie generations - og efterfølgende - trådløse kommunikationssystemer. Ordet "avanceret" betyder at disse algoritmer bygger på de mest moderne teoretiske værktøjer udviklet inden for digital kommunikation, så som iterativ- og turboafkodning. Inden for signalbehandling er det subspace teknikker. "Effektive" betyder at disse algoritmer nærmer sig radiokanalens enorme potentielle båndbredde effektivitet predicteret i informationsteorien. Endeligt betyder "anvendelig" at disse algoritmers kompleksitet gør, at de er mulige at implementere.

RF Integrerede systemer og kredsløb (RISC = Radio frequency Integrated Systems and Circuits):

Temabeskrivelse: RISC-gruppen fokuserer på teorier for og design, implementering og afprøvning af RF kredsløb og systemer. Udtrykket RF (Radio Frequency) dækker over et meget bredt område fra lavfrekvenssignaler til bærebølgefrekvenser i mikrobølge/millimeterbølge området. Hovedsigtet er på analoge kredsløb og systemer, men tilhørende digitale kredsløb og signalbehandling er inkluderet. Undervisning og forskning omfatter emner på tre forskellige niveauer:

1. Komponentniveau: Design, analyse og modellering af RF komponenter.

2. Kredsløbsniveau: Design, analyse og modellering af RF kredsløb, fx lavstøjsforstærkere, blandere, filtre, modulatorer, effektforstærkere og hurtige A/D og D/A konvertere.

3. Arkitekturniveau: Design, analyse og modellering af sender/modtager arkitekturer.

De vigtigste teorier omfatter:

· Teknikker til analyse af støj, signaler og interferens i forbindelse med RF kredsløb og systemer.

· Måleteknikker for komponenter, kredsløb og systemer.

Eksempler på aktuelle forskningsområder: RF IC design ved anvendelse af "state-of-the-art" CMOS-processer, måleteknik for kredsløb og komponenter direkte på IC-chip's, avanceret kredsløbsteori, lineær og ulineær modellering af RF komponenter, computerteknikker til analog og blandet analog/digital signalanalyse.

Eksempler på undervisningsområder: Kredsløbsteori, elektromagnetisk teori, diskrete og transmissionslednings- komponenter, teknikker til RF kredsløbs og system design og implementation, støj i kredsløb og systemer, signalanalyse i forbindelse med RF kredsløb og systemer, RF måleteknik, RF IC design, tilhørende matematiske emner.

Tale- og Multimediekommunikation: Tale- og multimediekommunikation karakteriseres ved et stort behov for integration af viden på tværs af normalt adskilte fagområder, fx akustisk fonetik, lingvistisk analyse, menneske-maskine grænseflader og ingeniør- og computervidenskab. CPKs forskning inden for tale og multimediekommunikation er hovedsageligt fokuseret på det danske sprog, men fleresprogede aspekter anses for væsentlige i forbindelse med afprøvning af forskningsresultaternes anvendelighed.

Trådløse Netværk: Globale trådløse netværk har sammen med fremtidige generationer af trådløs kommunikation til formål at gøre det muligt for mobile brugere at kommunikere uafhængigt af deres placering. De vil indeholde koncepter og teknologier for nyskabelser inden for spektrum allokering og -udnyttelse, radiokommunikation, netværk og tjenesteydelser og anvendelser. Wireless Networking (WING) Laboratoriet startede sine aktiviteter i juni 1999 og blev, under hensyntagen til det ovennævnte mål, planlagt i fire faser for at etablere og omfatte fire special laboratorier, nemlig: IP Laboratory, Embedded Systems (Indlejrede Systemer) Laboratory, Access Techniques (Access Teknik) Laboratory and Future Vision (Fremtidige Visioner) Laboratory. Forskningen er indbyrdes forbundet og inkluderer et antal projekter, som dækker emner inden for mobilitet, end-to-end quality of service (QoS), personlige netværk, indlejrede systemer, radio ressource håndtering, sikkerhed, multicarrier teknikker og optimering over flere lag. WING gruppen er også stærkt i involveret i ACTS, IST og de kommende EU finansierede forskningsprogrammer inden for 6. Rammeprogram via deltagelse i forskellige projekter (fx. ASAP, PRODEMIS, NEXWAY, STRIKE og forskellige EoI).

Forskningscentre

Center for PersonKommunikation - CPK

Center for PersonKommunikation er et ingeniørvidenskabeligt center etableret i et samarbejde mellem Statens Teknisk-Videnskabelige Forskningsråd og Aalborg Universitet fra 1. januar 1993. Centrets bevilling fra STVF udløber 31.12.02. For at fastholde centrets videnbase og renomé er centret indlejret i afdelingen, hvor centrets forskningsaktiviteter videreføres med CPK som synonym for afdelingens forskning. Se beskrivelsen af afdelingens forskningsindsatsområder. CPK ledes af professor Jørgen Bach Andersen.

Dansk GPS Center

Dansk GPS Center (DGC) er etableret i 1996 som en selvstændig videnskabelig enhed på Aalborg Universitet. Centerets grundlæggende motivation er at følge, understøtte og præge den teknologiske udvikling inden for satellitbaseret navigation, og centeret har faglige rødder i landmåling, geodæsi, matematisk modellering og digital signalbehandling. Det globale positioneringssystem GPS giver mulighed for nøjagtig tid- og stedbestemmelse og har været en revolution inden for navigation, og i takt med at prisen på GPS modtagere falder og nøjagtigheden forbedres øges anvendelsesmulighederne kraftigt. Styrket af det kommende europæisk kontrollerede system kaldet Galileo vil den elektroniske positioneringsteknologi blive et naturligt element i teknologisamfundet, og man vil se produktoptimering og integration af denne teknologi i mange sammenhænge fremover - først og fremmest rettet mod infrastrukturelle og kommunikationsmæssige anvendelser.

Dansk GPS Center har som formål:

1. at følge udviklingen i satellitbaserede positioneringssystemer på systemniveau

2. at indsamle viden om de nyeste teknologier inden for GPS modtager udvikling

3. at opbygge en vidensbase af algoritmer og software til post processering af GPS data

4. at forske i og udvikle nye optimerede signalbehandlingsformer til processering

5. at opbygge netværk med henblik på vidensformidling

6. at assistere på faglig vis små og mellemstore industrielle virksomheder

7. at skabe og vedligeholde internationale kontakter på universiteter og virksomheder

8. at deltage i internationale forsknings- og udviklingsprojekter

9. at blive bekendt med og støtte fremkomsten af nye anvendelser af teknologien

10. at fremme interessen og forståelsen for positioneringsteknologi generelt

Herudover er en hovedopgave at undervise på og have ansvaret for den engelsksprogede specialisering på master niveau, GPS Technology, som DGC tog initiativ til at oprette i 1999.

DGC ledes af professor Dr. Kai Borre og har pt. to fastansatte medarbejdere. Den fysiske adresse er: Niels Jernes Vej 14, 4, 9220 Aalborg Ø. Se endvidere DGC’s hjemmeside: gps.auc.dk.

Fields of Activity

Broadly defined communication technology includes theory, technology, design, and construction of equipment in connection with transfer and processing of signals and information. For strategic reasons the Department has, however, confined its research domain to wireless communication and related subjects. The Department and Center for PersonKommunikation (CPK) (see Research Centers) have a declared common research goal that has manifested itself in the formation of following fields of activity: 

· Antennas and Propagation

· Cellular Systems

· Digital Communications

· RF Integrated Systems and Circuits
· Speech and Multimedia Communications

· Wireless Networks

· GPS.

Teaching

The Department is involved in teaching in the Bachelor of Science and Master of Science educations within telecommunications, informatics, communications network and signal processing. Within these areas the Department offers a series of specialisations conducted in English:

· Applied Signal Processing and Implementation

· Digital Communications

· GPS Technology

· Mobile Communication

· RF Integrated Systems and Circuits
· Speech Communication.

As part of the internationalization efforts by the University and the Department the specializations are offered to both Danish and foreign bachelor-degree students with the purpose of getting a Master of Science degree.

Furthermore, the Department is involved in the continuing education programs ELITE and MMIC (Mobile Internet Communication) as well as Lifelong Learning.

Research
The research activities of the Department have been divided into the following areas:

Antennas and Propagation: The professional group on Antennas and Propagation focuses on antenna and propagation aspects of modern wireless communications. This includes the propagation link and channel characterization of single and multiple element arrays in deterministic and stochastic environments. Antenna elements on handsets and terminals. Also EMC aspects are considered.

Cellular Systems: The research area of the professional group Cellular Systems (CSy) is mainly directed to UMTS and development of UMTS towards 3.5 generation systems. Research is carried out in view of increasing the system spectral efficiency (system capacity) and allowing higher maximum user bit rates, including measures to implement differentiated Quality of Service (QoS) for the Internet Protocol (IP). For example, topics are investigated that relate to adaptive antenna systems, diversity and channel equalization, higher order modulation, QoS differentiation, access control, and radio resource control. In general the research topics cover the layers one (radio propagation and physical layer) to three (radio resource control).

Digital Communications: The Professional Group on Digital Communications focuses its research and teaching activities on digital communications and signal processing with an emphasis on wireless communications. A main goal of the research is the identification of advanced, efficient, feasible algorithms for wireless communication systems of the third generation and beyond. The attribute "advanced" means that these algorithms rely on most modern theoretical tools developed within digital communications, like iterative and turbo-decoding, and within signal processing, like subspace techniques. The term "efficient" stresses the property of these algorithms that they approach the huge potential bandwidth efficiency of the radio channel as predicted by Information Theory. Finally, "feasible" points out that the tractable complexity of these algorithms makes their implementation possible.

RF Integrated Systems and Circuits: Description of theme: The group "RF Integrated Systems and Circuits" focuses on the theory, design, implementation and test of RF circuits and systems. The term RF indicates a very wide frequency range going from base band frequencies to carrier frequencies in the microwave / millimeter wave range. The main focus is on analogue circuits and systems, but related digital hardware and signal processing are included. The teaching and research include aspects at 3 different levels: 

1. Component level: RF component design, analysis and modeling. 

2. Circuit level: Design, analysis and modeling of RF circuits, e.g. low noise amplifiers, mixers, filters, modulators, power amplifiers and fast A/D and D/A converters. 

3. Architecture level: Design, analysis and modeling of transceiver architectures. 

The main theories include: 

· Techniques to analyze noise, signals and interference related to RF circuits and systems. 

· Measurement techniques for components, circuits and systems. 

Examples of present research topics: RF IC design using state-of-the-art CMOS processes, on-wafer measurement techniques for components and circuits, advanced circuit theory, linear and nonlinear modeling of RF components, computer techniques for analogue and mixed analog/digital signal analysis.

Examples of teaching topics: Circuit theory, electromagnetic theory, lumped and distributed components, techniques for RF circuit and system design and implementation, noise in circuits and systems, signal analysis related to RF circuits and systems, RF measurement techniques, RF IC design, related mathematical topics.

Speech and Multimedia Communications:

It is characteristic for research within the speech and multimedia communication areas that there is a great need for integration of knowledge across a number of independent disciplines such as acoustic-phonetic, linguistic parsing, human-computer interfacing, engineering-computer science etc. In general the CPK research in speech and multimedia communications is focused on the Danish language but multilingual aspects are essential for testing the generality of the approaches applied.

Wireless Networks: Global wireless networks in the context of future-generation mobile communications are meant to enable mobile users to communicate regardless of their locations and include concepts and technologies for innovations in spectrum allocation and utilization, radio communications, networks, and services and applications. The Wireless Networking (WING) Laboratory started activities in June 1999, and motivated by the above objectives, was planned in four phases to establish and embrace four sub-laboratories, namely: an IP Laboratory, Embedded Systems Laboratory, Access Techniques Laboratory and Future Vision Laboratory. Work is interrelated and includes a number of projects covering issues related to mobility, end-to-end quality of service (QoS), personal-area networks, embedded systems, radio resource management, security, multi-carrier techniques, and cross-layer optimizations. The WING group has also strongly been involved in the ACTS, IST and the upcoming 6th Framework research programs funded by the European Commission through participation in different projects (e.g., ASAP, PRODEMIS, NEXWAY, STRIKE, and EoIs).

Research Centres

Center for PersonKommunikation - CPK

Center for PersonKommunikation is an engineering research centre established in cooperation between the Danish Technical Research Council and Aalborg University from January 1993. The grant expires on 31st December 2002. In order to maintain the knowledge and repute of the centre it has been incorporated in the department where the research activities of CPK are synonymous with the department’s research. See the description of the department’s research activities. Director of CPK is Professor Jørgen Bach Andersen.

The Danish GPS Center 

The Danish GPS Center (DGC) was established 1996 as a research centre at Aalborg University The basic motivation for DGC is to follow, support, and influence the technological progress of satellite based navigation. DGC has its roots in surveying, geodesy, mathematical modelling, and digital signal processing. The global positioning system GPS provides precise timing and positioning and has been a revolution for worldwide navigation, and as GPS receiver equipment prices drop and precision increases, the applications multiply vastly. Reinforced by the development of the new European controlled positioning system Galileo, the electronic positioning technology will eventually become a natural and necessary part of the modern society. Product optimisation and integration of this technology in many set-ups are inevitable, - primarily focussed on applications within infrastructure and communication.

The objectives of the Danish GPS Center are:

1. to follow recent trends and latest evolutions in international satellite based positioning systems at the system level,

2. to acquire knowledge about novel receiver technology; the antennas, the analog radio frequency parts, and the digital hardware for data processing and interfacing,

3. to build up an understanding of the appropriate digital algorithms and the computational aspects related to the execution of these and their relation to specified accuracy,

4. to develop and establish a useful collection of optimised software for post processing of GPS data with reference to still improving position accuracy,

5. to build up networks for communication and discussion of GPS related information,

6. to professionally assist small and medium sized industrial companies reaching for technical solutions involving GPS technology,

7. to establish and maintain international contacts at universities and companies,

8. to participate in international research and development projects,

9. to maintain acquaintance with and encourage the development of new commercially available GPS products and to carry out systematic tests for evaluation of these,

10. to generally promote the interest and understanding of the global navigation satellite systems (GNSS).

Furthermore, it is a major task for DGC to be responsible for and conduct the Master of Science in GPS Technology (in English) introduced 1999.

Professor Dr. Kai Borre heads the Danish GPS Center and two employees are affiliated with DGC. DGC has its address at: Niels Jernes Vej 14, 4, DK-9220 Aalborg. For further information see the center's website gps.auc.dk.

Projekter

For yderligere informationer om projekter henvises til CPK årsrapporter 2000 og 2001 samt faggruppernes hjemmesider på http://cpk.auc.dk.

Indsatsområdet Antenner og Udbredelse af Radiobølger / Antennas and Propagation:

Radio Channel Characterization for TETRA Direct Mode Operation

An important operating mode introduced in the Terrestrial Trunked Radio (TETRA) system, which requires an extended investigation of the associated radio channels, is the Direct Mode Operation (DMO). The Direct Mode Operation allows direct or relayed communication between users (mobile-to-mobile) in scenarios where no TETRA infrastructure is available. The lack of infrastructure means also that no previous network planning (in classical sense) has been performed. The system is meant to provide reliable services for groups of users operating in special, harsh radio environments: forests, confined areas, mountains, on sea, etc. The quality of service (QoS) is a crucial parameter when considering these special applications. Combined QoS and channel sounding measurements/simulations should allow the development of a basic QoS prediction tool for the DMO scenarios. Given the special transmitter-receiver (portables) antenna positions/dynamics in TETRA DMO, the existing simple radio channel models may prove to be unreliable for these kinds of applications. Possible diversity techniques may also differ considerably from the case of classical cellular radio system scenarios. The project aims to develop easy to use engineering expres​sions to model the radio channel in the investigated scenarios based on extensive radio propagation measurements conducted in the 400 MHz frequency band. The possible correlation between QoS and the radio channel statistics are also investigated. Simultaneous BER and channel sounding measurements are planned in realistic, hand-held terminals, scenarios. The obtained planning tool could be used, for example, when deploying an ad-hoc TETRA DMO network in emergency situations. The work is supported by and, performed in close collaboration with, Motorola A/S, Denmark. CPK Annual Report 2000 - Figure 4.5.1 shows as an example the measured radio signal dynamics for a mobile-to-mobile link in four different scenarios. It can be observed that the Doppler spectra of the signal when both mobiles are moving (lower-right plot) is the convolution of the individual Doppler spectras when only one mobile is moving at the time (upper-right and lower-left plots). 

(Istvan Z. Kovacs, Patrick C.F. Eggers, Leif G. Petersen, Kim Olesen)

Novel Classification Model of the Mobile Radio Channel for Multi-Input-Multi-Output (MIMO) Antenna Systems

The antennas and propagation group has previously undertaken novel measurements description and modelling work regarding the Multi-Input-Multi-Output (MIMO) channel. Recently classification work has been undertaken based on simple radio metrics. Normally, the number of independent channels between transmitter and receiver is estimated by using eigenvalue analysis on the channel matrix. This analysis is rather complex and antenna system specific. The approach used here provides a more qualitative classification of dual directional radio channels in terms of good/poor support for parallel channels/diversity [Gerben Kuijpers, 2000 (a)].

K. Technical approach

K.1 Channel classification model
Since the support for parallel channels and the diversity gain are highly dependent on the multipath richness of the radio channel, different scattering scenarios are considered. Depending on local (around transmitter and another around receiver) scattering discs with same radius D and the distance between transmitter and receiver r, the scattering scenarios can be varied.

K.2 Dispersion metrics

When multiple antenna elements are used at both transmitter and receiver, a separate angular spread for each antenna array can be defined. Another measure for the angular dispersion is the standard error around the mean direction 7 [Gerben Kuijpers, 2000 (a)], which uses the normalised radius to the centre of gravity and provides a good measure for wide angular distributions. In this work the angular dispersion is characterised by the product of 7 at transmitter and receiver [Gerben Kuijpers, 2000 (a)]: 7=7tx 7rx. It is known that large angular dispersion at both transmitter and receiver is a condition for parallel channel support, but does not ensure this [J. Bach Andersen 2001 (g)]. To distinguish between these cases we propose the normalised delay spread parameter [Gerben Kuijpers, 2000 (a)] FJn=FJ/J0, i.e. the delay spread normalised to the delay of the line-of-sight component. Thus indicating the degree of 'scattering overlap' between transmitter and receiver.

 (Gerben Kuijpers, Patrick C.F. Eggers)

Smart Antenna System for Interference Reduction in GSM Handset

With the introduction of internet data services in mobile terminals (ex. WAP) new high data rates are required. Currently new GSM terminals are provided with HSCSD (High-Speed Circuit-Switched Data) and GPRS (General Packet Radio Service) to address the need for increased data capabilities. HSCSD introduces multislot operation and GPRS packet services, whereby the user can remain connected to the network, but only take up radio capacity when needed. HSCSD and GPRS are based on the original GMSK (Gaussian Minimum-Shift Keying) modulation, so they only provide a moderate increase in bit rate per timeslot. To increase the data rates further the next generation GSM terminals will include EGPRS (Enhanced GPRS) as well, which uses the modulation scheme 8-PSK. With the introduction of EGPRS a data rate of up to 384 kbit/s is possible, but only at very high SNR and CIR levels. However by using an antenna system (i.e. more than one antenna port) in the handset it is possible to combine the signals from the antennas in such a way that both the SNR and CIR level is improved. The main objective of this work has been to analyse the potential improvements of the downlink signal-to-interference-plus-noise-ratio (SINR), which can be obtained by introducing a low complexity pre-detection antenna system in the mobile terminal [M.B. Knudsen, T. Baumgartner, G.F. Pedersen, May 2000 (a)], [M.B. Knudsen, J. Brøndum, G.F. Pedersen, November 2000 (e)]. Simulation results are described in CPK Annual Report 

(M. B. Knudsen, G. F. Pedersen, J. Brøndum)

Smart Antenna System for UMTS Handset

The next generation wireless system UMTS is required to have high voice quality compared to current cellular mobile radio systems and also provide higher bit rate data services (up to 2 Mbits/s). To enhance the quality or reduce the effective error rate it is crucial to effectively combat or reduce the effect of multipath fading at both the mobile units and the basestation. In macro cellular environments with large time dispersion the classical approach is to use a RAKE receiver to reduce the effect of fading. However in a micro cellular environment the time dispersion is low and a RAKE receiver cannot reduce the effect of multipath fading with a single antenna. For the UMTS system there has lately been an increased interest in employing diversity techniques at the transmitter in order to combat the effect of fading in the downlink. There are two types of transmit diversity specified in UTRA/FDD; space-time transmit diversity (STTD), which is based on a slight modification of the Alamouti space-time coding scheme, and feedback transmit diversity (FBTD). The architectural differences between the two transmit diversity options is that STTD is an open loop type diversity, whereas FBTD is a closed loop type transmit diversity requiring feedback from the mobile terminal. The UTRA/FDD standard supports two closed loop mode schemes, Closed Loop Mode 1 and 2 (CL1 and CL2). The principle is the same for the two modes. In both modes the relative phase of the signals transmitted from the two basestation antennas are adjusted to maximise the instantaneous received power at the mobile terminal. CL2 differs from CL1 by also adjusting the relative amplitude, allowing a finer resolution at the cost of a slower updating rate. All transmit diversity schemes are optional for the base station while mandatory for the mobile terminal. To further reduce the effect of multipath fading this work has investigated the effects of using both transmit diversity at the base station and maximal-ratio-combining (MRC) receive diversity in the handset. Further details on this project can be found in CPK Annual Report 2000.

(M. B. Knudsen, B. N. Vejlgaard, G. F. Pedersen)

Spherical Power Spectrum Model at the Mobile Terminal

Today mobile terminals are often used indoor with the base station outdoors. At the mobile terminal the major part of the signal energy comes through openings in the building such as windows. Typically only one of the sides in a room has windows, and therefore a directive environment can be expected at the mobile terminal. Mobile terminal antennas used next to the head in speaking position will be directional due to the fact that part of the radiation pattern facing the head will be attenuated. For a directive antenna in a directive environment the performance will be dependent on the orientation of the antenna in the radio environment. To be able to calculate the directional performance of mobile terminals with a single or multiple antennas a new physical spherical outdoors to indoor power spectrum model has been proposed [M.B. Knudsen, G.F. Pedersen, 2001 (f)]. The model consists of one major scattering area in one direction and more uniformly distributed minor scatterers in the other directions. A verification of the proposed model has been performed by 60 data sets of spherical power spectrum measurements made in a typical urban environment. Using the new model the directional performance of mobile terminal antennas including a human operator has been investigated through directional MEG, branch power ratio and correlation calculations using spherical radiation pattern measurements of a mobile terminal including 42 different live persons. The accuracy of the calculated values has been verified by directly measured values using 200 persons with the mobile terminal walking in the same office-like environments as where the spherical power spectrum measurements were performed.

(M. B. Knudsen, G. F. Pedersen)

Investigations of Bluetooth Link Quality

Bluetooth is a wireless system for short-range communication between many types of devices, with ranges of e.g. 10 cm to 10 m for a 0 dBm device. The system uses frequency hopping in a bandwidth of about 80 MHz in the ISM band 2.402-2.482 GHz. The properties of the radio channel used by the Bluetooth application are relatively unknown, with the slowly moving terminals and a short-range distance between the transmitter and receiver. The main challenge is to ensure sufficient received power in the fading channel. In [Pedersen and Eggers, 2000(d)] the radio link is investigated using two 20 dBm Bluetooth PC cards by measurements made both indoor and outdoor. For an almost static indoor channel it was found that the link quality is good within a range of about 10 m and if the line of sight is not too obstructed the range is up to about 25 m. The throughput depends strongly on the position and orientation; see Figure 4.5.7 (Coverage of Bluetooth link) in CPK Annual Report 2000. Without line of sight between the transceivers the link breaks down at 20-30 m. Depending on building materials the coverage may be confined to a single room. In the outdoor case the maximum distance is somewhat larger, up to 220 m was found.

(Gert F. Pedersen and Patrick C.F. Eggers, Kim Olesen)

FDTD Simulation of Handset Performance

Finite difference time domain (FDTD) computations is a numerical technique for determining the fields emanating from e.g. a handset. The tool allows easy experimentation with handset designs and is a practical method for investigation of, e.g., the influence of the position of the user's hand on the handset. The paper [Graffin et al, 2000 (a)] reports on measurements in the anechoic chamber of two antenna types with and without a phantom head and hand, in addition to the results of FDTD computations based on a model of the same phantom and handsets, see CPK Annual Report 2000 - Figure 4.5.9 (Model phantom head and hand and associated FDTD model). The E-fields obtained from the simulations and the measurements were found to match surprisingly well, and hence it was verified that the FDTD computations can be used in place of measurements in the anechoic chamber. The losses introduced by the phantom head and hand found for the two methods typically differed by less than one dB. Using the FDTD tool it was found that for the monopole antenna the phantom alone introduces a loss of 5-6 dB. The phantom hand adds another 1-6 dB, depending on the position of the hand on the handset. For the patch antenna the phantom alone only introduces about 1.6 dB of loss with an additional 3-6 dB when the phantom hand is included. Regarding the tilt angle of the handset, a variation of 2.5 dB was noted for the monopole antenna whereas the path antenna was less sensitive with a 0.8 dB variation.

(Gert F. Pedersen)

Mobile Handset Performance in the Network

An important issue in the design of a mobile handset is the antenna, or the radiating elements. In order to obtain a realistic evaluation of the performance of a handset design the user influence and the propagation environment needs to be taken into account. This has been demonstrated previously in a measurement campaign where the body loss was measured for 200 test persons and found to vary up to about 10 dB. These results were obtained from propagation measurements at 1800 MHz using a channel sounder and coaxial cables connected to the handset antennas. Although performance evaluation using propagation measurements is possible, these measurements are difficult to carry out in practice, and require a lot of equipment. Furthermore, the cables used in the previous measurement campaign may have an influence on the results, especially when measuring in the 900 MHz band. As an alternative it is possible to use the GSM system for the performance evaluation. See CPK Annual Report 2000 - Figure 4.5.10a (Simplified view of the GSM network). A way to characterize the overall performance of a handset in the operating network is to collect the information transferred on the Abis during calls and process the data to obtain, for example, the average receive power level. In this way the actual GSM network becomes the measurement system and the performance evaluation can be done when the handset is in normal use. In cooperation with the Danish GSM network operator TeleDanmark some measurements were made where four different commercially available handsets were tested, see CPK Annual Report 2000 - Figure 4.5.10b (The handsets used in the first Abis measurement campaign). The measurements were made in two different environments and the measurements with the different persons were all done in the same way, allowing a comparison of the observed body loss. Both left and right hand usage was tested. The measured mean body losses are shown in CPK Annual Report 2000 - Figure 4.5.10c (The measured mean body loss for all combinations of handsets (I-IV) and sides (L/R)) [Nielsen et al, 2000 (a)]. Due to problems during the measurements only 12 test users were involved which is too low to ensure good statistics. The required number of test persons was investigated in the paper [Nielsen et al, 2001 (b)]. Furthermore, it was found afterwards that the involved handsets do not represent handsets used commonly today. For these reasons another measurement campaign was launched that involved 22 test users and other handsets. In addition the second campaign includes measurements for investigation of the body loss for the situation when the user carries the handset on the body, such as when a hands free kit is used and the handset is carried in a pocket. 

(Jesper Ø. Nielsen, Gert F. Pedersen)

Simple Antenna Indoor Technology (SAINT) 

The purpose of the Simple Antenna Indoor Technology (SAINT) Ph.D. project is research and development of simple and low cost antenna technology for wireless communication systems operating at 2.4 GHz and higher frequencies. The focus is on indoor wireless communication; however; the techniques should be flexible enough to support indoor and outdoor operation. The goal is to develop and implement promising techniques for increasing overall efficiency at modest complexity and cost. The project has concentrated on modelling simple MIMO systems in indoor propagation environments under the assumption that the channel information is available at both ends of the link. This might be possible in a TDD or FDD system with feedback and quasi-stationary environment. Both theoretical Shannon capacities as well as bit error rates have been studied for a Rayeleigh fading channel and a 3D scattering model analogues to a theoretical environment with wide angular spread at both ends. The project is supported by CSEM, Switzerland.

(Beza N. Getu, J. Bach Andersen)

Distributions of slow fading 

The classical distributions, Rayleigh and lognormal, are discussed from an interpretation point of view. The lognormal is an excellent practical model for slow fading, but it lacks a theoretical explanation. Instead of the Suzuki distribution (mixture of Rayleigh and log-normal) a new set of distributions are proposed, which is a sum of single and multiple complex Gaussians.

H=K+H1+( H2H3+( H4H5H6
Excellent agreement with measurements in urban areas. It is also found that often the local fast fading is not Rayleigh, but has a local Ricean character due to dominant scatterers. [Andersen, Kovacs, 2002].

(J. Bach Andersen)

Radio Channel Characterisation and Radio Link Quality Evaluation for TETRA Direct Mode Operation 

The digital Private Mobile Radio system TETRA (Terrestrial Trunked Radio) targets markets with more specific, mission critical requirements for mobile communications, not offered by the public cellular systems. The TETRA services are intended for special applications and group of users, possibly operating in harsh radio environments like: public safety and public security, transport, utilities, etc. Some of the most important TETRA features are: scalable architecture, reliable and fast call set-up, simultaneous voice and data services, and mobile-to-mobile and mobile-as-repeater operation. The mobile-to-mobile and mobile-as-repeater operating modes have a special importance as they allow radio communications in scenarios where no network is available and an ad-hoc coverage is required. This project aims to develop a characterisation of the radio propagation channel and a basic radio link quality evaluation for scenarios not covered by previous investigations conducted for the deployment of cellular systems. The analysis is based on extensive radio propagation investigations and radio link quality measurements/simulations for typical mobile-to-mobile/repeater communications in forest environments [Kovacs et al, 2001] and suburban outdoor-to-indoor scenarios [Kovacs et al, 2002]. The work is supported by and performed in collaboration with Motorola A/S, Denmark. See CPK Annual Report 2001 - Figure 4.5.3 (Example from a forest environment investigation at 400MHz. BER distribution comparison: determined in a measured radio channel vs. using the ETSI (DR 3.6km/h) defined radio propagation channel. An increase of up to 4 times in the median BER level can be observed due to noise and fading).

(Istvan Z. Kovacs, Patrick C.F. Eggers, Leif G. Petersen, Kim Olesen)

Bio-effects 

Technical aspects of possible biological effects of mobile phones are studied. Under the assumption that only power density (SAR values) and time variation of the SAR value has biological relevance new systems like W-CDMA for UMTS have been studied. In contrast to the burst mode of GSM TDMA where the repetitive 217 Hz is present, new timing features related to power control are present. In addition the modulation is no longer constant envelope, which leads to a new type of high frequency modulation of the power. A report has been written for the GSM Association [Andersen et al, 2001]. CPK is a member of COST 281, Potential Health Implications from Mobile Communication Systems.

(J. Bach Andersen, Gert Frølund Pedersen, Preben Mogensen)

CELLO 

The IST project CELLO aims at exploiting possibilities of adaptive coverage, i.e. changing coverage layout based on an average traffic needs and at a time scale much slower than traditional 'single user' adaptive antennas (i.e. like adapting between to rush hour vs. off hour traffic). This should provide possibility for low cost and system transparent capacity enhancement solutions. In the framework of the CELLO project, trial measurements on a GSM1800 network will be carried out in Helsinki, Finland during summer 2002. The trial shall validate the new concept "Adaptive Coverage System" (ACS). ACS will focus on switched base station antennas, providing capacity according to demand. A simple commercial antenna based solution will be used for the system trials. For this solution a custom switch box (SW-BOX) system will be implemented. The antenna elements will be connected to the Switch Box and they will be switched on/off respectively in predefined and discrete positions. This switch box is remote controlled via a GSM data link. The 1st prototype SW-BOX is completed, as per time schedule. And all other activities are going well as per the plan. In this connection, the following document deliverables topics are completed with main CPK participation: "ACS Requirements and Specifications", [Eggers (ed) et al, 2001], "Switch Control Module" [Krøyer, Rao (ed) et al, 2002a], "RF Switch Module" [Krøyer, Rao (ed) et al, 2002b]. The CELLO concept is also described in a paper to the IST summit 2002 [Diamitridis et al, 2002]. CPK Annual Report 2001 - Figure 4.5.5 (Implementation of Switch Box and Adaptive Coverage, with one beam in normal coverage and another for hotspot traffic coverage) illustrates the switch box and adaptive coverage implementation during the trials.

(Rama Rao Thipparaju, Ben Krøyer, Patrick Eggers)

Smart Antennas 

The project on Smart Antennas aims at measuring and modelling the radio channel for handheld terminals with more than one antenna in operating conditions with interfering base stations or in macro diversity/soft-handover situations. The extra antenna (or antennas) potentially gives (give) a much-improved reception in operating conditions with either low received signal strength or much interference. As the influence of the user on the performance of the terminal is substantial we measure the radio channel with a number of test users. The handset used mimics as realistically as possible nowadays-small handheld terminals, and is therefore connected with optic fibres to the receivers/data acquisition hardware. The advantage of the (non-conductive) optical connections is that these do not disturb the radiation pattern of a small terminal as coaxial cables certainly do. The latest version has four (integrated) antenna, switched two-by-two. The purpose of this larger number of antennas is mainly to find out which effect can be expected from the different separations between two antennas. During the test runs, three base stations are active and on each of the (active) antenna branches the signals of all three base stations are recorded simultaneously. We arranged two different base station configurations during the campaigns simulating two different interference situations. During 2001 we essentially made two different measurements campaigns: in Spring we measured in two different office buildings for sounding indoor-indoor channels, in Autumn we measured in the same buildings outdoor-to-indoor channels. Outdoor measurements in urban environment were made in March 2002. For the indoor-indoor environment, the power delay profiles of the channels were so short that a flat fading channel could be modelled. For the outdoor-to-indoor model this is certainly not the case as the time dispersion is far too large. As we measured 6 channels (three base stations times two receive branches) simultaneously, the model we developed is a multi-channel model. Per channel a slow fading process and a fast fading process is generated. The resulting channel is the product of both. Standard deviation and distribution functions for the two fading processes are derived from the measurements. Also derived from the measurements are the amounts of cross-correlation between the processes for the different channels. These values for the cross-correlations are incorporated in the fading generators in the model. The cross-correlation values for the slow fading processes were quite high, up to 0.94 (median 0.73), but those for the fast fading processes were relatively low, typically around 0.5, worst-case around 0.75.  Surprisingly, the mean branch power difference had a range of  [-10 dB, +10 dB] with the terminal in the hand and half of it when carried on the hip.

This project is done in cooperation with Nokia Research.

(Wim A. Th. Kotterman, Kim Olesen, Devendra Prasad, Patrick C.F. Eggers, Gert Pedersen)

Directional UMTS up-down-link channel balance with cross polarised information

Adaptive BS arrays are considered as capacity enhancing measures for UMTS. While it is in principle straightforward to achieve instant channel knowledge on the uplink (UL) - it is more difficult on the downlink (DL). For this reason CPK has developed a sounding system providing 16 (8UL + 8DL) fully simultaneous channels for use with 8-element BS arrays for direction information - and a further switched 16 channels for the orthogonal polarisation. Totalling 32 parallel sounded channels. The sounding bandwidth is 12 MHz. [Kovacs, Eggers et al, 2002]. Measurements have been performed in suburban and urban Aalborg during 2001 and 2002.CPK Annual Report 2001 - Figure 4.5.7 (a-f Directional pattern resulting from 8 element UMTS BS array for location 3 (a,c,e) and 8 (b,d,f). a and b show PDP's, c and d I PAS, and e and f show the PAS distribution over time).

Figures 4.5.7a and 4.5.7b show the Power Delay Profile (PDP) averaged over the elements of the array and measured respectively at location 3 and 8 processing [Djama, Kovacs et al, 2002]. They reveal that the power is concentrated in several delay clusters (three for location 3 and two for location 8) with almost always one "widely" dominating. At each delay cluster, a corresponding specific DOA is seen, as shown in the Instantaneous Power Azimuth Spread (I PAS) of Figures 4.5.7c and 4.5.7.d, justifying the thesis that each delay cluster corresponds to an individual propagation path. The azimuth 0± corresponds to the azimuth towards the MS. Figures 4.5.7e and 4.5.7f indicate that during the 30 seconds of measurement at each location, the "individual propagation paths" remain the same, explained by the fact that the area of motion was relatively small.

The azimuth spread analysis reveals that for most of the measured mobile location the incident power is highly concentrated around the direction MS-BS even though the measurements have been obtained in a no-LOS situation. This project is performed in cooperation with ArrayComm Inc. and Allgon Systems AB.

(Patrick Eggers, Istvan Kovacs, Kim Olesen, Kamel Djama, J. Bach Andersen)

In-Network Evaluation of Body Carried Mobile Terminal Performance 

A way to characterize the overall performance of a mobile handset in the operating network is to collect the information transferred on the Abis during calls and process the data to obtain, for example, the average receive power level. In this way the actual GSM network becomes the measurement system and the performance evaluation can be done when the handset is in normal use. In co-operation with the Danish GSM network operator TeleDanmark some measurements were made where four different commercially available handsets were tested, labelled handset A-D. The measurements were made in a number of ways in two different environments. In one series of measurements 18 test users carried the handsets in two different positions on the body, in a chest pocket and on the hip [Nielsen, Pedersen, 2001b]. This was done in order to investigate the body loss observed when the user is not holding the handset in the hand and next to the head, but for example is using a hands-free kit. Also a series of measurements involving a full body phantom was carried out. CPK Annual Report 2001 - Figure 4.5.8b (Mean link loss for body carried handsets) shows an example of the losses in the channel observed with different users. The mean body loss was found to vary between about 3.5dB and 9.5dB, mainly depending on the environment and the position of the handset on the body. For the same environment and handset, the difference in body loss observed for the two positions on the body was typically 1-2dB. The difference between the two environments was typically 2.5-3dB. The body loss observed for the different types of handsets in the same conditions varied up to about 1.5dB. Handset size itself is not a distinguishing parameter, and handsets with internal antennas are not generally inferior to handsets with external antennas. However, it does seem that the handsets with internal antennas are more sensitive to position on the body. The handset performance variations among the users have a standard deviation of typically 1-2dB, but peak differences up to 9dB have been observed. The body loss for the measurements involving the full body phantom did not match what was found for the real user case. Both the absolute values of body loss as well as the relative body loss of the handsets measured with the phantom differs significantly from the mean values obtained with the test users.

(Jesper Ø. Nielsen, Gert F. Pedersen)

On the Influence of the Liquid Type on Mobile Phone Measurements Using Body Phantoms 

The measurement campaign described in the previous section included measurements with two different phantoms of the user, a full body phantom and a phantom consisting of a head and a hand. CPK Annual Report 2001 - Figure 4.5.9a (The two phantoms used for the in-network measurements) shows the two phantoms. Both of the tested phantoms are filled with a liquid simulating the human tissue in the sense that the electrical properties of the liquid are similar to that of human tissue. The properties of the liquids are frequency dependent, and therefore they are designed to be used at specific frequency bands, such as 900MHz and 1800MHz for the GSM system. It is customary to use phantoms for specific absorption rate (SAR) measurements where the issue of liquid type is highly important. However, for performance evaluations such as body loss measurements the influence of the liquid type is unknown. The paper [Nielsen, Pedersen, 2001a] focuses on the influence of the liquid on the body loss, and in particular the differences observed when the phantoms are filled with different types of liquids. Three liquids were used, 900MHz SAR liquid, 1800MHz SAR liquid, and a salt/water solution. For the full body phantom it was found that most of the values were within ± 1dB, which is comparable to the confidence intervals of the measurements. For the head/hand phantom, most of the differences found are small, within ± 2dB. Considering the measurement uncertainty it is generally believed that the difference in using the two liquid types is small. Furthermore, all handsets were measured in the anechoic chamber where the influence of the environment is eliminated. From these measurements it was found that the changes in the transmitted power due to the liquid type were less than 1.1dB in all cases. It should be noted that these measurements did not include a hand, which may explain the smaller variation in the measurements. CPK Annual Report 2001 - Figure 4.5.9b (Anechoic room set up for measuring the influence of the phantom liquid. The handset is connected to the GSMtester via the air interface) shows how the handsets are mounted on the phantom in the anechoic room.

(Jesper Ø. Nielsen, Gert F. Pedersen)

Statistics of Measured Body Loss for Mobile Phones 

It is well known that the transmitted or received power by a mobile handset is reduced due to the presence of the user, where the ratio of power with and without user is denoted the body loss. The body loss may vary significantly depending on the antenna/handset design. Therefore, minimizing the body loss is an obvious way of improving the performance of future handsets. It is, however, important to note that the body loss may vary considerably from one user to another, even for the same handset and mobile environment, and thus this needs to be taken into account when measuring the body loss. In the work presented in [Nielsen et al, 2001] the uncertainty of body loss measurements is investigated via statistics of the body loss measured for 200 test users of a GSM handset in a realistic propagation environment. The body loss variation among users may be considered random and cumulative distribution functions have been estimated for three different handset antennas. The measurements show that the distributions can be approximated reasonably as Gaussian. Assuming Gaussian distributions, about 8 test persons are required for mean body loss estimation for the whip antenna with a 90 % confidence interval of ± 1dB, whereas about 13 test persons are necessary for the helix antenna, and about 9 for the patch. The helix antenna thus results in a larger spread in body loss than both the whip and the patch antenna. CPK Annual Report - Figure 4.5.10 (Two-sided 90 % confidence interval size for the sample mean body loss as function of the number of body loss measurements for the whip (dashed) and the helix (solid)) shows the confidence interval size versus the number of measurements.

(Jesper Ø. Nielsen, Gert F. Pedersen, Kim Olesen, Istvan Z. Kovacs)

Phantoms for Radiation Measurements of Mobile Phones 

Even though mobile handsets have to comply with, e.g., the GSM standard the radio link performance varies significantly among the handsets on the market. The reason is that the testing for standard compliance does include neither the antenna nor the user of the handset. A group under COST 273 (Subgroup 2.2) is working on a proposal for a test method based on detailed investigations. To understand the variation in the radio link performance the problem can be divided into the following three parts:

· Efficiency of handsets

· Efficiency of the handset including the users body

· Influence of the propagation environment.

The efficiency of the handsets themselves describes the ability to transmit or receive the power, which is delivered to the antenna from either the power amplifier or the environment. The efficiency of the handset including the users body has previously been investigated at CPK in a measurement campaign involving 200 test users of a handset equipped with three types of antennas. The so-called body loss is defined as the difference in received or transmitted power when the user is present as compared to the free space case. From the measurements it was found that the body loss varies not only from one type of antenna to another (differences of 3-6 dB in the mean) but is also highly dependent on the user. A difference in the body loss up to 10 dB was found among the users, and hence the user influence is very important for the radio link performance. Four possible contributors to the body loss have been identified [Pedersen, 2001]:

· Absorption of power in the user

· Antenna mis-tuning due to user

· Change of radiation pattern

· Change of polarization state.

With the purpose of investigating which of the above are important for the observed body loss a measurement campaign was carried out where the spherical distribution of the transmitted power was measured in the anechoic chamber for 43 test persons using the same handset. From these measurements it was concluded that the absorption in the user is dominating the body loss. The radiation efficiency varies as a function of the user, with an average highly dependent on the antenna type. The absorption was investigated further using measurements in the anechoic chamber on a phantom of the human head and hand. The following three items were investigated as reasons to the large variation in absorption found for different users:

· The tilt angle of the handset was found to be of minor importance, with variations of only plus/minus 0.6 dB

· Similarly, the distance from the handset to the user's head only has a small influence on the total absorption

· In these investigations the position of hand on the handset turned out to be the single most important issue.

If the phantom hand was located near the bottom of the handset the loss is nearly the same as the case of no hand, but as the hand was moved closer to the top of the handset, and hence the antenna, the loss increased 5-7 dB, depending on the antenna type. Therefore, it was concluded that the large variation in body loss observed with the real test users is mainly due to the different ways of holding the handset. The correlation of the position of the user's hand on the handset and the power absorption has been verified from video recordings of the real test users measured in the anechoic chamber.

(Gert F. Pedersen)

Spherical Outdoor to Indoor Power Spectrum Model at the Mobile Terminal 

The power received by a mobile handset depends on both the radiation pattern of the handset as well as the signal distribution in the environment. The handset radiation pattern is to some extend directive and therefore the directions from which the signals are received are important. In indoor environments the signals often penetrate buildings mainly through windows and doors and therefore the signals arrive at mobile handsets from specific directions. The mean effective gain (MEG) is a measure of the power received by an antenna in a certain environment, and is a useful measure of the performance of an antenna in the mobile channel. The MEG may be measured directly with the antenna in question by computing an average of the received power in a given environment. Another method is to compute the MEG using the spherical radiation pattern of the antenna and the spherical distribution of incoming power, both measured including polarization properties. Although this method is more demanding from a measurement point of view, it is attractive because the measurement of the antenna is separated from measurement in the mobile channel, which gives some more flexibility in testing and designing antennas. In order to facilitate handset performance evaluation, models of the power distribution are needed, and these models should be based on measurements. The work in [Knudsen, Pedersen, 2002] reports on a large measurement campaign where spherical channel impulse responses are measured using a horn antenna mounted on a pedestal with two axes. The campaign is described in CPK Annual Report 2001.
(Mikael B. Knudsen, Gert F. Pedersen)

Antenna Systems for EGPRS Handsets 

The next generation GSM terminals will include EGPRS offering high data rate services and packet data services. A data rate up to 473.6 kbit/s is theoretically possible, but only at very high SNR and CIR levels. Using an antenna system (i.e., more than one antenna port) in the handset it is possible to combine the signals from the antennas in such a way that both the SNR and CIR levels are improved. For data services an improvement in the SNR and CIR level will directly translate into an increased data throughput. The paper [Knudsen, Brink, 2001] investigates the possible data throughput increase for EGPRS that can be obtained by using antenna systems in a handset with two antennas. In ideal conditions two antennas with optimum combining can cancel one interferer, but in practical implementations with both errors in the ADC and the channel estimation, the simulation results indicate that the superior performance of optimum combining is only achievable at high CIR levels. As an alternative, pre- and post-detection maximal ratio combining have been investigated and simulation results show that they are much less sensitive towards the effect of errors in the ADC and channel estimation. The gain in data throughput by using pre- and post-detection diversity is around 80 % from a CIR level of 0dB up to 16dB.

(Mikael B. Knudsen, Stig B. Brink)

A Dynamic Model of the Indoor Channel 

The paper [Nielsen, Afanassiev, Andersen, 2001] proposes a new approach to modelling the radio channel experienced by transceivers moving in an indoor environment. For modelling the time-varying impulse response a randomly time-varying power-delay profile (PDP) is used, which enables the use of PDP specific to local environments while widely different environments still can be included in the model. The PDP is expanded in terms of so-called cluster functions modelling ray scattering on major physical objects in the environment. By using random weighting of the cluster functions, transceiver movements in some imaginary environment are modelled. In addition to the new model, the paper also presents results obtained from measurements of the indoor channel. A good agreement is found between measurement and model data, and thus the concepts applied in the new model seem to be useful in practice.

(Jesper Ødum Nielsen, Valentine Afanassiev, Jørgen Bach Andersen)

Indsatsområdet Cellulære Systemer / Cellular Systems:

Data Receiver for the Universal Mobile Telecommunications System (UMTS)

This industrial PhD project has investigated both the performance characteristics and the implementation issues of a downlink receiver for UTRA/FDD. The performance analysis has successively tackled detection (Rake receiver) and synchronisation in the broad sense (code phase acquisition and tracking, pilot-aided channel estimation) aspects. Theoretical BER has been calculated and verified through numerical simulations with the help of simulation channels based on real measurement data and channel models with dynamic behaviour, and including Inter-Path Interference (IPI) and Multiple Access Interference (MAI). Performance enhancement with optional transmit diversity schemes (Space-Time Transmit Diversity and Feedback Transmit Diversity) and optimisation of the slot structure for high-mobile speeds have also been covered. Regarding the implementation aspects, the core algorithms developed in the first phase of the project have been implemented in a combined software and hardware solution. The downlink data receiver achieves 384 kbps in a vehicular environment with 290 kGates, 150 MIPS of DSP power and a power consumption of 70 mW. The work has been supported by Siemens and ATV (Danish Academy of Technical Science).

(Benny Vejlgaard, Preben Mogensen)

Downlink Capacity Enhancement of UMTS

The UMTS FDD-mode specifications include several advanced features to improve the capacity including fast Power Control (PC), Transmit Diversity (TD), support for Adaptive Antennas (AA) and Soft Hand Over (SHO). The potential of these features has been analysed individually and in a combination by means of dynamic network simulations. Significant effort was put into generation of mapping tables to include the link performance from chip-level simulations. It was found that SHO could offer up to 50 % capacity improvement compared to hard hand over. This improvement, however, strongly depends on frequency and antenna diversity plus the mobile speed. Transmit diversity also shows a very high potential for capacity improvement - as high as 200% under certain conditions. Both open loop space-time and feedback mode maximal ratio transmission was investigated. The feed back mode type showed the best performance up to a medium mobile speed. The potential gain from transmit diversity is reduced in a combination with SHO due to the inherit macro-scopic diversity for mobiles in the SHO region. A 3-sectored AA base station configuration with 4 or 8 elements per sector was analysed. A switched beam approach was considered. The study included aspects of azimuth dispersion. The capacity gain is in the order of 130-180 % for the 4-element configuration. The project furthermore touches upon the combination of beamforming and transmit diversity. The work has been supported by Nokia Networks and STVF (Danish Technical Research Council).

(Thomas Klingenbrunn, Preben Mogensen)

Radio Resource Management

Antenna arrays are one of the techniques, which can help achieving the requirements for high-speed data services in third generation wideband code division multiple access (WCDMA) systems. Previous studies have mainly focused on deriving robust base band algorithms, selection of optimum antenna configurations (i.e. number of elements, single polarised versus dual polarised elements, etc.), and link level performance evaluations of potential antenna array schemes. However, little attention has been given to network aspects when introducing antenna arrays in WCDMA systems. Radio Resource Management (RRM) algorithms such as Admission Control (AC), Congestion Control (CC), and Handover Algorithms (HA) still need to be investigated further to support antenna arrays, and eventually obtain maximum capacity gain.

(Juan Ramiro, José Outes Carnero, Preben E. Mogensen; Klaus I. Pedersen, Nokia)

Directional Power Based Admission Control for WCDMA Systems using Antenna Arrays

The current research activities are focussed on AC for WCDMA systems using conventional beamforming (BF). They illustrate how currently proposed power-based AC algorithms can be extended to support BS's equipped with antenna arrays, so the full capacity gain is obtained in the network. In a conventional power based WCDMA AC system, users are allowed access and bandwidth to the system provided that P<Pthreshold, where Pthreshold is a known power threshold obtained from network dimensioning, and P is the total transmit power from the BS. In a directional power based AC algorithm for antenna arrays, the basic idea is to admit users if P(phi)<Pthreshold for all values of phi, where P(phi) is the integral transmit power azimuth spectrum including the antenna array pattern and the azimuth dispersion in the radio channel. Hence, in order to determine whether a new user can be granted capacity an estimate of P(phi)=Pold(phi)+Delta(P(phi)) is required, where Pold(phi) is the power spectrum before admission of the user, and Delta(P(phi)) is the power increase after admission of the user.

(Juan Ramiro)

Multi-Cell Admission Control for UMTS

One of the shortcomings of the conventional power-based AC method is that the interference rise in the system due to the new user is only evaluated for the cell of interest before admission is granted/rejected. In some cases a new user might create excessive interference in neighbouring base stations also, leading to potential network instability and resulting in dropped connections. This might likely happen in situations where the load in the cell of interest is low, while all neighbouring cells are highly loaded, particularly if the new user is requesting for a high bit rate service. Such cases are especially critical in the uplink. A power-based multi-cell AC is assessed as a solution to avoid these unstable situations and to increase the system capacity in WCDMA networks. We proposed and analysed an uplink multi-cell AC algorithm, which takes into account the interference level in the adjacent cells as well as in the serving one. Power increase estimation is crucial when performing power-based admission control tasks and therefore also investigated. Simulation results reveal that under non-homogeneous conditions, in highly loaded base stations the new algorithm provides a 34 % capacity gain for a 5 % of dropping connection probability. See CPK Annual Report 2000 - Figure 4.4.8 (Capacity in a BS under non-homogeneous load conditions).

(José Outes Carnero)

Downlink Packet Scheduling for IP Packet Services in UMTS

IP packet services will play an important role in 3rd generation wireless networks, so that different and new kind of multimedia services will be provided, such as video-telephony, video retrieval, WWW browsing, e-mail downloading, e-commerce, etc. These services have different characteristics (activity cycle, average bit rate, call duration) and requirements (Eb/No, QoS, delay). On the other hand, the amount of radio resources allocated to each user will strongly depend on his QoS requirements. The available air interface capacity will be shared among packet users by running Packet Scheduling function. The packet scheduler will decide the allocated bit rates every frame. The chosen packet scheduler strategy will also impact the cost function and the offered QoS. Different packet scheduling strategies have been analysed and compared to traditional algorithms (round robin and C/I- based), in terms of delay, throughput and packet call delay. In order to evaluate the radio resource consumption of each service, the cost function "total BS transmitted energy per correct received bit" has been employed. Modified Round Robin algorithm has been proposed as a trade-off between C/I-based throughput and Round Robin scheduling fairness. This algorithm is also extendible to different services and different user profiles, so users belonging to a higher class on the one hand, and more delay-sensitive services on the other hand experience lower delay. In order to design efficient packet scheduler and AC algorithms accurate traffic models of each service have to be taken into account. Traffic models for the following services have been developed: speech, WWW browsing, e-mail, WAP, streaming and SMS. For NRT (Non Real Time) services (WWW, WAP, SMS and e-mail) a generic model that characterises the common properties of them has been developed, while a different model has been applied to model streaming traffic.

(Isaías López, Pablo Ameigeiras, Preben E. Mogensen;  Jeroen Wigard, Nokia) 

Multi-Element Transmit and Receive Antenna Arrays for Mobile and Wireless Communications 

Multiple-Input Multiple-Output (MIMO) radio channels arising from the deployment of multiple element antenna arrays at both ends of a wireless communication link have the potential to increase the overall system capacity or the peak data rates of a given user. Nevertheless, exploiting the benefits of a multiple antenna configuration is not always straightforward. The optimal solution requires the availability of Channel State Information (CSI) at the transmitter, an assumption, which is usually not fulfilled, especially in the case of Frequency Division Duplex (FDD) systems. Building on the measurement results collected as part of the European IST project METRA (Multiple Element Transmit and Receive Antennas), the characterisation of the propagation in MIMO channels has been continued in the framework of the follow-up project I-METRA (see CPK Annual Report 2001 Section 5.5 Cooperation). In addition to these experimental results, analytical expressions of the spatial correlation between two antenna elements impinged by waves exhibiting a given Power Azimuth Spectrum (PAS) have been obtained. They have been embedded in a MIMO channel emulator implemented in Matlab that has been made publicly available (see CPK Annual Report 2001 Section 7.7 (Contribution to standardisation). With the help of this link-level model, the initial concept of a UMTS simulator has been developed to investigate advanced MIMO schemes. Results have been obtained so far looking at Space-Time Block Coding (STBC) in combination with RAKE reception or equalization. On the long run the simulator will be extended to incorporate High Speed Data Packed Access (HSDPA) features like Adaptive Modulation and Coding (AMC) schemes and hybrid Automatic Retransmission Request (ARQ).

The work has been co-sponsored by the European Union, IST research programme and Nokia.

(Laurent Schumacher, Jean Philippe Kermoal, Lars T. Berger, Preben E. Mogensen, Jørgen Bach Andersen)

Radio Resource Management for WCDMA Networks Supporting Smart Radio Terminals 

Implementation of advanced radio concepts in the terminal is one of the potential techniques that can significantly increase the downlink capacity of WCDMA terrestrial cellular networks. In order to achieve a capacity increase in a cellular network, two factors are required. First, the receivers have to be upgraded to obtain a link level improvement. Second, the radio resource management algorithms must be able to automatically capture the capacity gain. Under the assumption that the network has no knowledge about the use of advanced terminal receivers, the capability of power based radio resource management algorithms to capture the capacity gain when a certain proportion of terminals implements advanced receivers is analysed both theoretically and by means of dynamic network simulations. The outcome of this study is that current power based radio resource management algorithms are able to capture this capacity gain without any modification. Moreover, this capacity gain depends on the type of advanced receiver, the multi path channel propagation profile, the block error rate target (BLER) and the soft handover settings. Simulations were conducted with both dual antenna Rake receivers and dual antenna linear interference cancellation. In both cases, the overall capacity of the network is more than doubled. When circuit switched traffic is considered, the network uses the extra capacity to serve more users at the same time. The same occurs when packet traffic on dedicated channels is served with a Round Robin strategy that is not aware of the spectral efficiency of each user. However, when packet traffic is served on time-multiplexed channels in such a way that link adaptation is conducted to allocate the maximum possible bit rate for a certain average allocated transmit power, the outcome is different. In this case, the network allocates more bit rate to those users deploying an advanced receiver. See CPK Annual Report - Figure 4.3.2 (Capacity gain of 2-Rake receivers as a function of the penetration rate. Theoretical versus simulation results). Figure 4.3.2 shows that for circuit switched traffic at 64 kbps and no soft handover the capacity doubles for a penetration rate of approximately 80 % for both pedestrian and vehicular environments. 

(Juan Ramiro Moreno, Preben E. Mogensen; Klaus I. Pedersen, Nokia)

Network Level Performance of Uplink Synchronous WCDMA 

Orthogonal codes are a powerful method to reduce the multiple access interference (MAI) and thereby increase the network capacity in WCDMA systems. However, synchronisation is not easy to maintain in the uplink since the transmission is started from the users, and so far orthogonal channelisation codes were only considered for the downlink in UMTS. With the purpose of facilitating uplink synchronism, USTS (Uplink Synchronous Transmission Scheme) is proposed within the 3GPP standardisation body, and it will likely become a work item for release 6. USTS is applicable for low mobility and low dispersive environments such as indoor and pedestrian that allows reducing the uplink intra-cell interference by means of making the own cell MAI orthogonal. Synchronisation is reached in USTS by means of a conventional tracking loop procedure, which is suitable for low mobility terminals. In our investigations, the performance of USTS has been assessed at network level. The main problem with this technique is that the number of orthogonal canalisations codes is limited. A solution to overcome this problem is to use a new scrambling code and thus reuse the whole set of channelisation codes. The problem is that the signals associated to different scrambling codes are not orthogonal. This code restriction mitigates practically all the benefit of USTS, even in environments where orthogonality can be kept almost perfect. Nevertheless, USTS could give high performance if it is combined together with other techniques that make better use of the number of available channelisation codes. See CPK Annual Report 2001 - Figure 4.3.3 (Capacity increase with uplink synchronous WCDMA in micro-cell environments). Figure 4.3.3 shows the average number of users per cell in uplink WCDMA with and without synchronism, considering that up to 50 users can be allocated within the same scrambling code. Using two-antenna diversity reduces the other cell interference, and therefore increases the performance of USTS. On the other hand, the diversity gain allows a higher number of users in the system in general, which makes more patent the problem of lack of orthogonal codes.

(José Outes, Preben E. Mogensen; Klaus I. Pedersen, Nokia)

Packet Scheduling Strategies for IP Services WCDMA 

Accurate traffic models are required to evaluate the impact of the new packet data services to the network performance (Quality of Service provision, Radio Resource Management algorithms, channel type selection, etc).

During the present period, a generic way of modelling packet data traffic for non-real time and real time services has been presented. This generic approach allows a single implementation for different packet services within the same traffic type (non-real time and real time). This generic approach has been applied to Web Browsing, WAP, e-mail, video telephony and SMS. In order to analyse the performance of the non-real time service, a study about the performance of the Transport Control Protocol over WCDMA networks has been achieved. The TCP flow control adjusts the transmission rate to the network and receiver's capacity. Due to this protocol self-adaptation to the transmission conditions of the links involved in the TCP connection, the protocol performance cannot be disconnected from the underlying network. In WCDMA networks, the RRM assigns the radio resources to the UE's in the cell, which directly impacts the TCP throughput performance. See CPK Annual Report 2001 - Figure 4.3.4 (Throughput in Web Page Download as function of Web Page Size). Figure 4.3.4 shows the Web Page throughput for different Round Trip Times (50 and 300 ms) and two different channel bit rates (64 and 256 kbps) for a packet size of 536 B (and one case for 1460 B). The results show that the allocation of high bit rate dedicated channels (DCH) to small file downloads (such as web pages) produce poor channelisation code efficiency compared to allocating low bit rate channels. Under certain conditions, for large file downloads (such as ftp) the code efficiency and throughput performance improve significantly due to the protocol nature to fully utilize the bottleneck capacity. This protocol performance suggests a radio resource allocation strategy for DCH channels, which increases the bit rate stepwise as the file transmission evolves starting from a low bit rate.

(Pablo Ameigeiras, Preben E. Mogensen; Jeroen Wigard, Nokia)

Advanced Packet Scheduling and QoS differentiation in Uplink Packet Access 

Compared to other existing mobile networks, UMTS provides a new and important feature, namely it allows negotiation of the properties of a radio bearer. To be a successful system, UMTS has to support a wide range of applications that possess different quality of service (QoS) requirements. To optimise the system performance, the available resources must be allocated on demand in such a way that the QoS requirements are fulfilled and the spectral efficiency in the network maximised. The current research activity is focussed on the investigation of methods aimed at increasing the spectral efficiency and improving the QoS differentiation in UMTS systems. The core of the project work is uplink access for data packet services. First of all data can be transmitted over either dedicated or shared channels, depending on the QoS requirements and the resources availability in the network. Optimal solutions for the channel type selection issue in uplink data packet access must be found considering both QoS fulfilment and efficient usage of the available network resources. Results have been obtained for the Random Access Channel (RACH) user throughput (CPK Annual Report 2001 - Figure 4.3.5 (Average user delay for the transmission of "abscissa" number of RACH messages for different TTI values)). Assuming the payload of a RACH message to be 40 bytes (320 bit), the user data bit rate experienced on RACH is approximately 6.3 and 9.1 kbps for 20 ms and 10 ms message length, respectively. Research activity is also done in order to determine and evaluate the possible performance enhancement that new and advanced system features can bring in the considered issue. Some of these advanced features are Fast Variable Spreading Factor (Fast VSF), Hybrid ARQ, and statistical Packet Scheduling. The research activity is mainly carried out in the Radio Resource Management area.

(Claudio Rosa, Preben E. Mogensen; Jeroen Wigard, Klaus I. Pedersen, Nokia)

Distributed Antenna Systems 

Intelligent distributed antenna systems (IDAS) can be considered an adaptation technology for the air interface aiming to increase the system capacity, and system robustness, be it the number of users who can be serviced or their transmission bit rates. As such, it was applied to GSM and WCDMA indoor systems to simulate performance against a conventional multi-cell system design. The simulations were based on a site-specific propagation model developed from the distributed antenna measurement campaigns in 2000 and include both deterministic and random long-term shadowing variations to model the subtle signal dynamics and correlation related to propagation in the indoor environment. The measurements show that these long-term variations tend to be correlated between distributed antennas and hence the gain from macro-diversity within the configuration of antennas correspondingly less beneficial. A simple Windows based tool was developed to ease the application of the model in DAS. For the GSM system the IDAS was applied to increase the frequency reuse of a minimum frequency allocation system, while for WCDMA the purpose was to control interference for the introduction of higher order modulation techniques. From a simulation framework with joint downlink power and distributed antenna assignment results show that the introduction of an IDAS to GSM can increase the number of users by up to 55 % compared to a more conventional multi-cell (frequency reuse) system design. Similarly, the IDAS allows a throughput increase of 79 % in the WCDMA system by facilitating the use of higher order modulation.

The work has been supported by Nokia, Sonofon, and LGP Telecom.

(Troels B. Sørensen, Preben E. Mogensen)

Experimental Analysis of the Joint Statistical Properties of Azimuth Spread, Delay Spread, and Shadow Fading

It is well known from numerous studies that the performance of terrestrial cellular systems is highly dependent on the radio propagation conditions. To give a few examples, the temporal dispersion in the radio channel provides frequency diversity for wideband systems such as WCDMA (Wideband Code Division Multiple Access), since the degree of frequency selectivity is related to the delay spread compared to the inverse of the signal bandwidth. Similarly, azimuthal dispersion affects the performance of advanced antenna array systems, as it determines the correlation between spatially separated antennas, and consequently the ability to mitigate fast fading by means of antenna diversity techniques. The azimuthal dispersion also impacts the optimal beam width of advanced antenna array systems using the spatial filtering technique. Empirical results characterizing the joint statistical properties of the local azimuth spread, the local delay spread, and the shadow (slow) fading component have been investigated. Measurement data from typical urban, bad urban, and sub urban environments have been analysed. It is found that a Log-Normal distribution accurately fits the distribution function of all the investigated parameters. The spatial auto-correlation function of both azimuth spread, delay spread, and shadow fading can be modelled with an exponential decay function. However, for sub urban environments the spatial auto-correlation function is better characterized by a composite of two exponential decaying functions. A positive cross-correlation is found between the azimuth spread and the delay spread, while both parameters are negatively correlated with shadow fading. All essential parameters required for the implementation of a simulation model considering the joint statistical properties of the azimuth spread, the delay spread, and shadow fading have been provided [Algans, 2002]. The results of this study provide sufficient information to jointly model the random behaviour of the local AS, the local DS, and shadow-fading component. This can help improve the reliability of e.g. the output of Monte-Carlo network simulations of modern wideband mobile communication systems with BS's deploying advanced antenna array systems. Furthermore, it can serve as useful a priory knowledge for planning and dimensioning purposes.

(Albert Algans, Preben E. Mogensen; Klaus I. Pedersen, Nokia)

Indsatsområdet Digital Kommunikation / Digital Communications:

Data Receivers for the TETRA System

TETRA stands for Trans European Trunked RAdio (or TErrestrial Trunked RAdio) and is a pan-European standard for digital land mobile radio, built primarily to meet the demands from emergency services like police, fire brigade, Falck, etc. TETRA uses the modulation scheme "symmetrical differential 4-phase modulation", often called Pi/4-DQPSK. The overall objective of the project has been to analyse alternative types of detectors, non-coherent as well as coherent, for the TETRA system under realistic channel conditions. Employing the earlier established COSSAP simulation platform for the TETRA system, investigations have been carried out during 2000 within two areas: " Two Branch Diversity Combining Using Non-Coherent Differential Detectors" and "Turbo Coding Used as Channel Coding Principle in Mobile Communications Using TETRA as a Test System".

(Johan Brøndum)

Prediction of Fading

In this research project we investigate the possibility of predicting the complex radio channel ahead in time when the terminal is moving in a straight line. The Doppler spectrum and the amplitude of the complex scatterers are determined using an ESPRIT-type algorithm, and the signals are then extrapolated into the future assuming that the scatterers remain constant. Synthetic and real data (from a sub-urban environment) both indicate that for a large number of scatterers, a continuous Doppler spectrum, the signal may be predicted about a wavelength ahead.

(Jørgen Bach Andersen, Jesper Jensen, Søren Holdt Jensen, Frank Frederiksen)

Noise Robust Speech Coding

The presence of acoustic background noise can substantially degrade the performance of a digital communication system. This is especially true when a model-based speech coder is used in the communication link. Such coders are tuned to specific characteristics of clean speech signals and they handle noise corrupted speech signals rather poorly. Currently, we study novel noise reduction methods based on rank-reduction techniques [M. Jeppesen, C.A. Rødbro, S.H. Jensen, 2001 (b)] and iterative Wiener-filtering techniques as well as the integration of these techniques into different speech coding algorithms. The long-term research goal is to design low-rate and variable-rate noise robust speech coders that can be applied in wireless IP-based communication systems.

(Søren Holdt Jensen, Egon Hansen)

Speech Signal Processing Based on Sinusoidal Models

This PhD project has focused on sinusoidal signal models for speech signal processing. Traditionally, the basic sinusoidal model aims at representing a time-domain speech segment as a sum of sinusoidal functions with constant amplitude and constant frequency. However, for some speech segments this constant parameter assumption is far from valid. A significant part of the PhD work dealt with generalized sinusoidal models, where the constant amplitude assumption was relaxed. In particular, models with exponential amplitude variations proved to be superior to the basic sinusoidal model, especially in transitional speech segments [J. Jensen, 2000 (a)], [J. Jensen, S. H. Jensen, E. Hansen, 2000 (b)]. It is believed that generalized sinusoidal models are particularly useful in speech transformation applications such as text-to-speech synthesis, since these models provide a "non-stationary" description of the speech production process and achieve modelled speech of transparent quality. During a research stay with Associate Professor John Hansen, Center for Spoken Language Understanding, University of Colorado at Boulder, USA, sinusoidal models were studied in a speech enhancement context. A sinusoidal model based algorithm was developed for enhancement of speech degraded by additive broadband noise. Experiments with speech signals degraded by additive white noise showed considerable improvements compared to standard enhancement algorithms. [J. Jensen, J. H. L. Hansen, 2000 (c, d)].

(Jesper Jensen, Søren Holdt Jensen, Egon Hansen)

Joint Time-Frequency Analysis and Synthesis

The basic objective of Joint Time-Frequency Analysis (JTFA) is to devise a function that describes the energy density of a signal simultaneously in time and frequency. The lack of a single distribution being best for all applications has resulted in a proliferation of distributions, each corresponding to a different, fixed mapping from the signal space to the time-frequency plan. A major drawback of all fixed mappings is that for each mapping the resulting distribution is satisfactory only for a limited class of signals. Most distributions used today indicate negative energy. The purpose of this work is to find an adaptive positive energy distribution with correct marginal distributions.

(Flemming Munk)

Advanced Multiuser Detection Methods for DS-CDMA Systems 

The aim of this project is the identification of advanced efficient multi-user detection/decoding methods in DS/CDMA (Direct-Sequence/Code-Division Multiple Access) systems for mobile radio communications. Conventional sub-optimal multi-user detectors are derived under the assumption that the channel is known. They are highly sensitive to estimation errors of the channel parameters. A promising solution to this problem is JDE (Joint data Detection and channel Estimation). Based on the EM-(Expectation-Maximization) and the SAGE-(Space Alternating Generalized EM) algorithm two sub-optimal iterative receiver architectures have been developed which perform JDE. The EM-JDE receiver updates the sequences of bit estimates in parallel while the SAGE-JDE receiver re-estimates them successively. Both schemes update the channel parameters in parallel. The EM algorithm provides a set of free parameters, called weight coefficients, which can be selected to optimise its performance. Two optimality criteria have been defined and analytical expressions for the corresponding optimised weight coefficients derived. The feedback structure of the identified JDE schemes makes a theoretical assessment of their performance cumbersome. Thus, Monte Carlo simulations were carried out to investigate the bit-error-rate of the individual users. These schemes have many appealing properties, which make their implementation in advanced receivers attractive: (i) they can cope with multiple access interference and (ii) they are robust against channel estimation errors. In addition, only a few training bits are required for the JDE schemes to converge. Simulation results further demonstrate that the SAGE-JDE scheme performs better when the users are updated in the order of increasing strength, i.e. the weakest user is updated first, rather than in the order of decreasing strength as performed in successive interference cancellation. For more details, see "CPK Annual Report 2001".

(Alexander Kocian, Bernard H. Fleury)
Combined Space-Time Coding and Multiuser Detection for DS-CDMA Systems 

In a downlink DS-CDMA system with orthogonal signature sequences the performance is limited by multipath propagation, which introduces both multi-access interference (MAI) and intersymbol interference (ISI). Multi-user detection (MUD) techniques, which to a large extent remedy these effects, are well known. They combine interference rejection and equalization by designing appropriate receivers only. We consider joint optimisation of both signature sequences and receivers filters in order to improve the overall performance. The joint optimisation is performed to minimize the mean-squared-error (MSE) from the input to the output while keeping the total transmitting power fixed. In the formulation of the optimisation problem the transmitter (the base-station) requires knowledge of all the downlink propagation channels, which has clear practical limitations. However, for a time-division-duplex (TDD) system the channel impulse responses can be estimated from uplink transmission using the channel reciprocity. Alternatively, the estimated channel impulse responses can be fed back from the receivers to the transmitter, which requires that the channels are sufficiently slowly time varying so that the amount of feedback information is low compared to the data-rate. In our formulation of the problem we use a filtering approach to accommodate for the ISI and to avoid processing complete data bursts together. We minimize the sum of the MSEs at the output of the receiver filter while keeping the transmitting power fixed. By means of simulations we demonstrate a large performance gain over a traditional CDMA system where only the receivers are optimised, see CPK Annual Report 2001 - Figure 4.4.1.2 (Signal-to-noise and interference ratio (SNIR) versus the signal-to-noise ratio achieved by the scheme performing "joint optimisation", the conventional matched filter (MF) receiver, and the minimum mean-square error (MMSE) receiver).

(Joachim Dahl, Bernard H. Fleury, Søren H. Jensen)

Smart Antennas for Mobile Terminals 

In this research project we worked on channel prediction, which was initially undertaken to improve the performance of a low-cost two-antenna single-receiver mobile terminal originally proposed by M.B. Knudsen and G.F. Pedersen. By using a two-channel basis expansion model in the scheme proposed by Knudsen and Pedersen, we improved the performance and found that a more elaborate model will further improve the performance [Jeppesen, Jensen, Pedersen, 2001].

(Morten Jeppesen, Søren Holdt Jensen, Gert Frølund Pedersen)

Impact of IF-Filter Group Delay Distortion on the Detector Bit Error Rate in GSM and Edge Systems 

A group project concerned with "Equalizers for a Combined GSM/EDGE Detector" evolved into substantial investigations on the impact on the bit error rate of the group delay distortion introduced by the IF-filter in a super-heterodyne receiver for both the GSM and the EDGE systems. The investigations were based upon simulations of base band models using the COSSAP simulation tool. The models include base band-mapped filters characterizing real, measured SAW filters that were supplied by MAXON Telecom. The results of the analysis were presented at the WPMC'01 conference in Aalborg, Sept. 2001 [Chapuis et al., 2001]. The work has been performed in cooperation with MAXON Telecom A/S.

(Johan Brøndum)

Generic Stochastic Channel Models for Wireless Communications
A mathematical model has been elaborated which provides a small-scale characterization of direction dispersion or equivalently space selectivity jointly at both transmitter (Tx) and receiver (Rx) sites. Space selectivity and direction dispersion considered jointly at both sites are referred to as bi-space selectivity and bi-direction dispersion respectively. The derived model makes it possible to relate these two effects to the underlying propagation constellation in the propagation channel. The central function in this characterization is the bi-direction spread function, which describes the way the transmitted signal is spread jointly with respect to the launching direction at the Tx site and the incidence direction at the Rx site. Averaging the squared absolute value of the bi-direction spread function yields the so-called bi-direction power spectrum. This function describes the manner the averaged transmitted power is spread with respect to the two above directions.  It is believed that the bi-direction spread function and the bidirection power spectrum are the appropriate object for a general investigation of the potential of deploying multiple antennae at both Tx and Rx sites as they characterize the propagation channel regardless of any assumption on the geometrical layout of the antenna arrays. This project was performed in collaboration with Elektrobit Ltd., Finland.

(Bernard H. Fleury, A. Kocian)

Channel Parameter Estimation for MIMO Applications

A high-resolution scheme based on the SAGE algorithm has been derived which performs joint estimation of the complex weight, the relative delay, the Doppler frequency, the direction - i.e. azimuth and co-elevation angles - of departure, and the direction of arrival of waves. This algorithm is an extension of a previous version, which was extensively applied in experimental investigations of dispersion in azimuth at the base station in cellular systems. Investigations are currently on-going which aim at assessing and optimising the performance of the SAGE algorithm when it is applied to real measurement data. 

(Bernard H. Fleury)

Tap Extraction for Dispersive Radio Channel Measurements Using the EM Algorithm 

The over-all objective of this project is the modelling of an indoor radio channel through feature extraction from measurements including a small multi-antenna receiving terminal and several active base stations (cf. research field Antennas and Propagation). More specifically, the aim has been to estimate a multi-tap representation of the measured radio channels in order to investigate e.g. multi-channel diversity, delay-spread and channel variations. The project is carried out in cooperation with colleagues from the Professional Group Antennas and Propagation. The tap extraction was based on the EM (Expectation Maximization) algorithm. The number of taps was determined in an iterative scheme in which one tap was added at a time. In this approach the trade-off between the wish for simplification (i.e. few taps) and data consistency (more taps) was a major concern. In the resulting representation the number of taps varies between 1 and 6. An example of the tap estimation is shown in CPK Annual Report 2001 - Figure 4.4.2.3. (Tap extraction using the EM algorithm). Currently, the scope is on analysing the obtained channel representations with respect to the above-mentioned properties.

(Christoffer Rødbro, Søren H. Jensen, Wim Kotterman, Gert F. Pedersen)

Noise Robust Speech Coding 

The presence of acoustic background noise can substantially degrade the performance of a digital communication system. This is especially true when a model-based speech coder is used in the communication link. Such coders are tuned to specific characteristics of clean speech signals and they handle noise corrupted speech signals rather poorly. Currently, we study novel noise reduction methods based on rank-reduction techniques [Jeppesen, Rødbro, Jensen, 2001] as well as the integration of these techniques into different speech coding algorithms. The long-term research goal is to design low-rate and variable-rate noise robust speech coders that can be applied in wireless IP-based communication systems.

(Søren Holdt Jensen, Egon Hansen, Christoffer A. Rødbro, Morten Jeppesen)

ARDOR: Adaptive Rate-Distortion Optimized Sound Coder 

The objective of the ARDOR research project is to meet the need for a universal codec that has been created by the emergence of time-varying heterogeneous networks and by the convergence of traditional consumer electronics with mobile communications. A universal sound codec will be developed that adapts to the time-varying characteristics of the input signal, to time-varying network and application constraints and to user-preferred codec attributes. The codec will be based on an architecture consisting of a set of advanced sub-coding strategies, and a control system that allocates rates and signal components to each sub-coder using a perceptual distortion measure. The project was planned in 2001 and will start in the beginning of 2002. 

It will be financed by the EU. 

The partners are Royal Institute of Technology, Stockholm, Delft University of Technology, University of Hanover, France Telecom R&D, and Philips Research, Eindhoven.

(Søren Holdt Jensen)

Sinusoidal Speech Modelling for Packet Based Transmission 

The scope of this new research project is packet-based transmission of speech over IP networks i.e. Voice over IP (VoIP). This application gives rise to some special requirements to the speech coding. Besides obtaining a low bit rate and a high speech quality, the possibility of packet loss suggests that packets should be decoded independently, i.e. without needing information from prior or posterior packets. This motivates the use of sinusoidal speech coding, since this method can provide a high speech quality at a low bit rate without using inter-frame information. Sinusoidal coding has traditionally been based on representing the speech as a sum of harmonically related, constant amplitude sinusoids. While this is a sufficient model for voiced speech degradations can be observed for unvoiced- and especially transient segments. Recently, relaxations of the model have therefore been proposed, allowing amplitude variations within each frame. However, this comes at the cost of a more complicated parameter estimation problem. To this end the Matching Pursuit type algorithms have been found very useful. A major challenge in VoIP is compensating for lost and delayed packets. For the purpose of dealing with delayed packets the receiving end stores recently arrived packets in a jitter buffer before play-out. This approach solves the delayed packet problem, as long as the delay is not longer than the length of the jitter buffer. When the delay is greater than the jitter buffer length, however, the packet is considered lost, and must be compensated for. Usually, this is attempted by estimating the missing packet from the prior and posterior packets. However, when using the sinusoidal model a promising alternative is to stretch the surrounding packets in time into the missing packet interval. A more advanced scheme currently under investigation is to stretch preceding packets to allow more time waiting for the missing packet (adaptive play-out). CPK Annual Report 2001 - Figure 4.4.3.3 (Time scaling in jitter buffer for VoIP) illustrates the three approaches.

(Christoffer A. Rødbro, Søren Holdt Jensen)

Noise Cancellation in Speech Signals Using PATRAN Technology

The consequences of noise in speech signals go from being irritating/uncomfortable to causing reduced/no speech intelligibility. Noise reduction techniques are thus aiming at increasing speech comfort and - intelligibility. In both cases it is mandatory that the removal of noise takes place without adding artefacts (random tones) and without affecting the speech component to any appreciate extent. A prerequisition for optimal separation of speech and noise is exploitation of all a priori knowledge of the two components (one microphone scenario).

Various methods for noise reduction in a speech signal are known. These methods include spectral subtraction and other filtering methods, e.g. Wiener filtering. In spectral subtraction the obtained noise power spectrum is subtracted from the speech power signals in order to obtain a noise reduction. A time domain speech signal is reconstructed using the resulting spectrum, e.g. by use of the inverse Fourier transform. Hereby the time-domain signal is reconstructed from the noise-reduced power spectrum and the unmodified phase spectrum.

Even though this method has been found to be useful, it has the drawback that the noise reduction is based on an estimate of the noise spectrum and is therefore dependent on stationarity in the noise signal to perform optimally. As the background noise spectrum is based on long term (2-3 seconds) some differences due to statistic fluctuation will exist between this spectrum and the actual noise spectrum (short term). These errors in noise estimation tend to affect the small spectral regions of the output, and will result in short duration random tones in the noise reduced signal. Even though these random noise tones are often a low-energy signal compared to the total energy in the speech signal, the random tone noise tends to be very irritating to listen to due to psycho-acoustic effects.

The object of the research is to provide a method, which enables noise reduction in a speech signal and avoids the above-mentioned drawbacks.

The research is based on the circumstance that a model based representation describing the quasi-stationary part of the speech signal can be generated on the basis of a noisy spectrum, which is generated by spectral subtraction of a spectrum generated on the basis of the speech signal and a spectrum generated as an estimate of the noise power spectrum. The spectral subtraction enables the use of model based representation using fbg-parameters enables an improved noise reduction, as it enables use of a priori knowledge of speech signals.

(Kjeld Hermansen)
Indsatsområdet RF Integrerede systemer og kredsløb / RF Integrated Systems and Circuits:

CMOS baseband filter og forstærker (BFA) til UMTS direct-conversion modtager

Denne del af projektet er fokuseret på baseband processeringsdelen hvor målet er en integreret analog baseband filter og forstærker; implementeret udelukkende i standard CMOS teknologi. En modtager front-end baseret på direct-conversion stiller store krav til støj og linearitet i basebanddelen. Samtidig opereres der med store båndbredder i UMTS hvilket vanskeliggører opgaven yderligere. Baseret på resultater fra en overordnet modtager optimering brydes BFA'en op i funktionelle blokke hvortil der opstilles mere specifikke krav udfra optimering. Baseret på en 0.25 mikrometer standard CMOS process er der udviklet en baseband blok indeholdende både filtrering, DC-offset reduktion, gain samt gain/frekvens kontrol.

Gruppen støttes af STVF, Akademiet for de Tekniske Videnskaber, Det Obelske Familiefond, Den Europæiske Union, Siemens Mobile Phones, Maxon Cellular Systems (Denmark), Texas Instruments, RTX Telecom, Telital R&D Denmark, Europractice.

(Jan Hvolgaard Mikkelsen, Troels Emil Kolding, Ragnar Reynisson, Michael Bohl Jenner)

Modellering af planare spoler i CMOS

Gennem anvendelse af en 2.5D EM-simulator er epitaxial-substratets indflydelse på spoleperformance blevet studeret. Simuleringsmodellen er blevet tilpasset og verificeret med målinger på oktagonal-spoler implementeret i en sub-mikrometer CMOS process. Indflydelsen af epitaxial-lagets permittivitet, tykkelse, samt resistivitet på spolers godhed, induktans, samt frekvensgang er undersøgt gennem parameter sweeps. Resultaterne der er publiceret ved NORCHIP konferencen viser at typisk anvendte epitaxial substrater har afgørende indflydelse på spolers kvalitet.

Gruppen støttes af STVF, Akademiet for de Tekniske Videnskaber, Det Obelske Familiefond, Den Europæiske Union, Siemens Mobile Phones, Maxon Cellular Systems (Denmark), Texas Instruments, RTX Telecom, Telital R&D Denmark, Europractice.

(Rasmus Andersen, Thomas Jørgensen, Søren Laursen, Ole Kiel Jensen, Troels Emil Kolding)

Kabelsøgning med jordradar / Ground Penetrating Radar for Localisation of Buried Cables

Projektet omhandler metoder og teknikker til detektion af nedgravede kabler, metalrør, plastrør mv. vha. jordradar. Projektet er et samarbejde mellem Ekko Dane Production A/S og AAU. Detektion af de ønskede objekter forstyrres kraftigt af uønskede refleksioner og en varierende kobling mellem antenner og jord. En korrekt detektion er derfor kun mulig, når der anvendes optimeret hardware og en signalbehandling, der bl.a. tager hensyn til polarisationsegenskaberne. En prototype er opbygget, og der er foretaget adskillige målinger under varierende forhold. Resultaterne viser, at en pålidelig detektion er mulig i situationer, hvor andre metoder slår fejl.

Projektet støttes af Ekko Dane Production A/S.

(Ole Kiel Jensen; Ole Gregersen, Peter Hazell, Ekko Dane Production A/S)

RF CMOS Modtagerarkitekturer - Med Fokus på Asymmetrisk Fler-Fase Filtrering

Projektet besæftiger sig med design af en modtager frontend velegnede til implementering i en standard CMOS teknologi. Projektet inkluderer både system- og implementeringsaspekter. Traditionelle modtagere er i vid udstrækning baseret på nøjagtig smalbåndsfiltrering. Da filtre med stor selektivitet ikke kan implementeres i CMOS har projektet således focus på modtagerarkitekturer hvor dette ikke er essentielt. Med udgangspunkt i GSM systemet foretages en systemanalyse af to kompakte modtager; en direct-conversion og en low-IF modtager. Af de to vælges at fokuserer på low-IF arkitekturen da denne har en række egenskaber der gør den fordelagtig i forbindelse med GSM systemet. En vigtig egenskab er at spejlundertrykkelsen kan realiseres efter nedblandingen og derfor ved en lav frekvens. Til implementering af spejlundertrykkelsen kendes til forskellige muligheder. Her er det valgt at undersøge mulighederne for at benytte asymmetrisk fler-fase filtrering til opgaven. Projektet undersøger her i detaljer mulighederne for at realiserer et sådant fler-fase filter i CMOS så det kan indgå i den valgte arkitektur.

(Jan H. Mikkelsen, Torben Larsen, Christian Christensen)

RF Front-end Technology to Telecommunications Equipment 

Background and problem

This project is a co-operation between The RF Integrated Systems and Circuits Group, Siemens Mobile Phones, RTX Telecom, Texas Instruments, Telital, and Maxon Telecom. The purpose of this joint research project is to establish a set of radio receiver requirements for the coming third-generation wireless communications standard that is to be based on wideband CDMA (WCDMA). Further, the purpose is to design, implement, and to test a receiver front-end capable off meeting these specifications. To limit the scope of the project the effort is aimed at the UTRA-FDD part of the UMTS standard. Furthermore, all implemented circuits are to be based on a standard sub-micron CMOS process. 

Based on an analysis of the test signal scenarios specified in the standard, system requirements are derived for generic receiver architecture. It is shown that the simultaneous transmission and reception presents the harshest receiver linearity requirement. The cause to this is the well-known problem of having varying envelope-blocking signals, such as the uplink transmitter signal, in an environment where even order non-linearity are present. In a worst-case scenario the even-order distortion output component of a receiver (and hence the input to the data receiver) is a composite signal containing both static and time-variant offsets - see CPK Annual Report 2001 - Figure 4.6.1a (Worst-case effect resulting from even-order distortion and examples of different high pass filter options). The transmitter leakage problem can be overcome by proper choice of architecture and through careful receiver planning. Based on detailed data receiver link simulations it has been shown how robust the W-CDMA signal is towards time-variant offset levels and to what extent high pass filtering may be utilized to mitigate the former [Mikkelsen et. al, NorChip99] - see CPK Annual Report 2001 - Figure 4.6.1a (Worst-case effect resulting from even-order distortion and examples of different highpass filter options). Based on these findings a cost-analysis (with CMOS block requirements as the driving parameter) leads to an optimised receiver, based on a combination of off-the-shelf discrete components and CMOS RF circuit blocks, where requirements towards both discrete and CMOS blocks are realistic. It is found that a servo-type feedback loop may be used to remove a majority of the offset resulting from RF signal processing while also serving to stabilize the DC levels of the base band signal processing blocks. This is then combined with an interstage band pass filter whereby overall receiver requirements are meet. In doing this a method for analysing receiver chains consisting of both power and voltage matched blocks is derived. The design methodology shown in CPK Annual Report 2001 - Figure 4.6.1b (Design methodology utilized to attain accurate receiver planning) was used for accurate receiver planning at the system level. The detailed receiver planning forms an optimum trade-off between noise and non-linear distortion in cascaded stages while including block selectivity. The resulting receiver shown in CPK Annual Report 2001 - Figure 4.6.1c (Resulting receiver architecture. An optimum trade-off is obtained using both discrete and CMOS blocks) is a direct-conversion type based on both discrete components and circuits implemented in CMOS. With the overall requirements fixed it is decided to use an on-chip single-ended to differential conversion based on a modified Gilbert-Cell mixer where the differential input stage is exited using only one input. The resulting layout shown in CPK Annual Report 2001 - Figure 4.6.1d (The resulting layout of the CMOS direct conversion receiver for UTRA-FDD) has been fabricated and the resulting CMOS chip is currently being measured.

Jan Hvolgaard Mikkelsen, Troels Emil Kolding, Michael Bohl Jenner, Ole Kiel Jensen, Ragnar Vidir Reynisson, Søren Laursen, Torben Larsen; Jørgen Bøjer, Morten Gentsch, Siemens Mobile Phones)

Intelligent RF Mobile Communications Terminals 

Background

Emerging mobile communications systems, such as the EDGE (Enhanced Data Rate for GSM Evolution) and the IMT-2000/UMTS (Universal Mobile Telecommunications System) proposals, provide very high data rates to enable wireless, broadband access to the Internet. The increase in data rates necessitates a high performance of the radio frequency (RF) hardware of the mobile terminal.
The trend of future mobile terminals is that they will become highly flexible and programmable devices. The terminals must be able to use different standards including both constant envelope systems such as GSM and varying envelope systems such as EDGE and IMT-2000. For such multi mode terminals it is essential that very good performance be obtained when running both constant and varying envelope modulations. Efficient solutions for the two modulation types are very different; Constant envelope may utilize nonlinear power amplifiers to yield high power efficiency, whereas varying envelope modulations put high requirements on linearity of both the receiver and the transmitter. The problem of the project is: "How to design a software radio compatible transmitter architecture and essential IC circuitry to be used in multi mode terminals utilizing both constant and varying envelope modulation systems?" Essential implications are: (i) The solution must be robust - both regarding production tolerances and varying near surroundings (varying load VSWR at the antenna terminals), (ii) The solution must be power efficient both in constant envelope and varying envelope situations, and (iii) The solution should be adaptive to reduce power consumption to a level where specifications are met and no more.

A solution to the above mentioned problem is to develop intelligent RF hardware capable of adjusting to the current operating conditions and making differentiated performance adjustments correspondingly. In CPK Annual Report 2001 - Figure 4.6.2 (Illustration of an intelligent RF mobile communications terminal. In this research project the focus is on the analog parts of the Tx front-end), a fully integrated terminal with intelligent control is sketched to illustrate a potential transceiver solution. To identify the limiting factors to the current performance level, the Environment Detection & Control (EDC) block continuously receives information regarding the signal quality in various stages of the terminal. An intelligent terminal would be able to continuously operate with the minimum performance required for satisfactory operation (e.g. measured as a bit error rate). An intelligent terminal would have numerous characteristics including:

· An intelligent terminal would be able to achieve high performance for both constant and varying envelope modulations, and at the same time be robust to production tolerances and varying surroundings.

· An intelligent terminal would operate with the minimum required level of performance and would therefore drain as little current from the battery as possible. This would extend both the stand-by and the operating time of the battery.

· With an intelligent terminal, it would be possible to utilize low-end chip technologies with sufficient performance in the majority of environments in which the terminal will operate. For the few scenarios where extensive performance is required, the terminal can increase its power-consumption to reach the required levels. Overall, this facilitates a less expensive and more power-efficient solution.

· With intelligent adaption, the terminal is able to self-calibrate for fabrication tolerances and hardware variations by consuming more or less power. Hence, a higher production yield is achieved and more terminals will comply with the final specifications. In the long run, this leads to a lower production price although variations in operating and stand-by times will exist from terminal to terminal.

In summary, the development of intelligent RF hardware is an important step towards small, power-efficient, and cheap software radio terminals. To achieve the lowest size, power-consumption, and cost, we envision future RF hardware (except the power amplifier core) to be fabricated using silicon CMOS processes. With low-cost CMOS technology it is possible to meet worst-case requirements of emerging systems but with a power-penalty compared to more expensive technologies. 
The aim of the project is to develop a transmitter strategy for how a transceiver terminal for wireless communications is given the capability to (i) detect the characteristics of the current operating environment, (ii) be efficient and robust for both constant and varying envelope modulations, and (iii) use this knowledge to make power-efficient performance adjustments such that a minimum and specification-compliant performance level is achieved. A demonstrator board that accepts I/Q (A/P) information as input and terminates with an antenna on the output is provided to the sponsors. As such, parts of the demonstrator are implemented using CMOS while remaining blocks are found as off-the-shelf components. 

To date, adaptive compensation schemes have only seen sporadic use in RF circuitry and are often of primitive nature as no effort is made to analyse the causes of the problem. In the literature, most use of adaptive compensation is found on the transmitter side. Here, in an attempt to meet stringent out-of-band emission requirements, adaptive compensation schemes have been used for control and linearization of power amplifiers in base stations. This way, effects of circuit imperfections are potentially mitigated. However, low cost and efficient schemes must be invented for mobile software radio based terminals. In conclusion, adaptive compensation of analog RF circuits has seen only a very limited research effort to date. This leaves a promising and power/cost-efficient design technique mostly unresolved.

(Jan Hvolgaard Mikkelsen, Saska Lindfors, Michael Bohl Jenner, Ragnar Vidir Reynisson, Ole Kiel Jensen, Torben Larsen)

A UTRA/FDD Receiver Architecture and LNA in CMOS Technology 

The purpose of this Industrial PhD project was to study receiver architectures and RF-CMOS circuit technology for a UTRA/FDD (UMTS) handset receiver. Based on an investigation of the signal properties, the system requirements and potential for integration a direct conversion receiver architecture was chosen. It was shown that the well-known problem of distortion by varying envelope blocking signals (e.g. transmitter leakage) combined with even order non-linearities can be overcome by proper choice of architecture and block requirements. Accurate component modelling is mandatory for a successful RF-circuit design. One of the commonly used non-linear MOS-models, "MOS Model 9", has been shown to be inadequate for RF-design and has been extended. An excellent agreement between the extended model and measured RF-parameters was obtained in varying bias conditions. Also a "lateral flux" MIM-capacitor with low loss and high capacitance/area-ratio has been introduced. Two experimental LNA designs are made, both based on an inductively degenerated common source stage. One of the designs includes a gain switching circuit for use in AGC control. Simulation results and on-wafer measurements show good agreement. Some disagreement between simulation results and measurements on a PCB-mounted die indicates that the modelling of the coupling between bond wires needs to be improved. The measured noise figure, 3rd order intercept point and compression level are among the very best of published results.

Christian Rye Iversen, Torben Larsen; Pia Thomsen, Siemens Mobile Phones)

RF CMOS Varactors for Wireless Applications 

This Industrial PhD project deals with CMOS integration of the RF VCO, located in the receiver part of a GSM-900/GSM-1800 dual band handset. The major challenge is to meet the GSM phase noise specifications, which are calculated from the GSM blocking requirements. From the Leeson equation, predicting the relative phase noise power spectral density, four important parameters are identified. These are the loaded quality factor QL, the output power Po, the flicker noise corner frequency fc and the noise figure F. Of these parameters, QL is the most important, since it is squared in the Leeson's equation. High Q-values for on-chip LC-tanks are very difficult to obtain in a standard CMOS process. Usually spiral inductors are preferred over bond wire inductors due to process simplicity and cost. In a standard CMOS process spiral inductors with a Q of 10 are difficult to make, if not impossible - typical values ranges from 3 to 6. To fulfil the GSM phase noise requirements, a QL of 5-10 is required. Hence, it is very important to ensure that other components have a sufficiently high Q, to prevent them from loading the inductor Q. In this context an overlooked component seems to be the varactor, on which only few research results have been reported. Consequently, a lot of effort in this project is dedicated to elaborate the knowledge about CMOS varactors. Of special interest is the Q, the capacitance tuning range, the self-resonance frequency, and the capacitance-versus-voltage-characteristic. The VCO type considered in this project is using two crosses coupled n-channel MOSFET's as the active element. The LC-tank consists of a balanced inductor with center tap and two Standard Mode nMOS varactors in series back to back connection. Different versions of this VCO type are designed and tested. The VCO's are designed using an empirical design method. The key results of the work are: (i) Phase noise specification for the RF VCO, located in the receiver part of a GSM dual band handset, (ii) Performance evaluation of three different types of RF CMOS varactors, (iii) Optimum circuit configuration for the three evaluated types of RF CMOS varactors, (iv) Layout of the Standard Mode nMOS varactor for capacitance scalability, (v) Layout of the Standard Mode nMOS varactor for optimum Q and capacitance tuning range, and (vi) Empirical design method for cross coupled n-channel MOSFET VCO's.

(Erik Pedersen, Torben Larsen; Lars Bonde, Maxon Telecom)

Second Order Distortion in CMOS Integrated Mixers 

Understanding the even order distortion, its effects and its origin, is very important in direct conversion radio receivers. This project was focussed on second order distortion in down conversion mixers as that is the most critical block regarding the overall second order linearity of a direct conversion radio receiver. Furthermore, implementation in standard CMOS was considered as it has proven to be more difficult to realize high second order linearities than with a more expensive BiCMOS technology. Specification for the second order intermodulation intercept point (IIP2) was found from system level simulations for a direct conversion GSM receiver. After that the effect of three most important nonidealities giving rise to second order nonlinearity where studied and simple design equations relating device parameters to the target IIP2 value were derived. It was found that the balance of the differential input signal is critical whereas the matching of input transistors and the load resistors is less significant. Finally, the effect of RF-LO cross talk was studied. A methodology for characterizing a technology for non-systematic cross talk was developed and an equation relating the non-systematic cross talk and the IIP2 where derived. A set of test structures was characterized and it was found that if all systematic sources of cross-talk can be eliminated it is be possible to achieve, in a CMOS technology, very high values (+61dBm) of mixer IIP2.

(Søren Laursen, Torben Larsen)

CMOS Modulator for a UMTS Transmitter 

The objectives of this industrial PhD project are: (I) To analyse effects of various circuit imperfections in UMTS transmitters and the application of different architectures in UMTS transmitters, (II) to derive a suitable transmitter architecture and to specify all blocks of the architecture, and (iii) to implement one critical block from the chosen architecture in CMOS. Effects of circuit imperfections have been investigated and documented. The focus has been on Error Vector Magnitude (EVM) and Adjacent Channel Leakage Ratio (ACLR), which are two key performance parameters for UMTS transmitters. Four architectures have been analysed with respect to their application as integrated UMTS transmitters. I-Q phase and amplitude imbalance and LO phase noise were found mainly to be critical for EVM, while offsets between phase and amplitude in polar modulators and non-linear performance are most critical for ACLR although they also contribute to EVM. Generally noise generated by the transmitter in the UMTS receive band and ACLR appear to be the most critical parameters in designing UMTS transmitters. To meet the noise requirements direct up-conversion and two step up-conversion transmitters must employ an RF band pass filter, while polar modulators must employ a modulation loop containing a power VCO and subsequent amplitude restoration. Future work is concentrated on implementing an RF band pass filter for a direct up-conversion transmitter.

(Per Madsen, Jan Hvolgaard Mikkelsen, Torben Larsen; Torben Amtoft, Telital)

Linear and Nonlinear Modelling of nMOS Devices 

The aim of this PhD project is to develop a non-linear model of a common-source NMOS device operated in saturation/strong inversion. The model is intended to be applied for Volterra-series analysis of amplifiers exhibiting weakly nonlinear behaviour, e.g. low-noise amplifiers. The development of the model is split into three phases. These are:

· Development of a linear NMOS model in a single bias point, including a treatment of bulk effects. 

· Extension of the linear NMOS model to include a range of bias points. 

· Development of a nonlinear NMOS model.

Each model type will be tested using various sized transistors in various bias points. Models will be compared with nonlinear measurements. The linear modelling is based on parameter extraction (as opposed to optimisation). The parameter extraction procedure is based on the calculated network parameters of the model topology. In order to use measurements to determine the values of the model parameters (i.e. component values), an expression in the measured parameters and/or already determined model parameters must be determined. Bulk effects are hard to measure from a transistor in common-source configuration, and therefore a method of measuring bulk effects directly using a modified nMOS structure has been developed (Reynisson, Kolding & Larsen, 2001). The extension of the initial model to a range of bias points instead of a single point involves identifying the bias-dependent elements and investigating any identifiable functional relation between the component value and bias. The nonlinear model involves calculating Volterra series coefficients for the model and comparing measured results to simulations. The non-linear model is expected to predict third-order intercept points within +/- 1.5 dB.

(Ragnar Vidir Reynisson, Troels Emil Kolding, Torben Larsen)

Advanced Circuit and System Analysis Techniques 

Work has been conducted in a number of areas including deriving techniques to analyse and synthesize receivers where selectivity is considered for nonlinear cascaded stages. Also quite extensive work has been done in developing nonlinear models for intended linear stages and utilizing these models in predicting overall nonlinear performance. Derivation of new techniques to analyse spectral regrowth in nonlinear stages is another important topic. The analysis is based on Volterra series and the performance of the derived techniques has been demonstrated. A highly flexible technique for noise measurement has also been developed and demonstrated on a mobile phone. The technique has superior performance in convergence assurance and arbitrary frequency resolution of noise temperature and noise factor.

(Torben Larsen, Christian Rye Iversen, Troels Emil Kolding, Ole Kiel Jensen)

Indsatsområdet Tale- og Multimediekommunikation / Speech and Multimedia Communications:

SpeechDat-Car

CPK has been participating in the SpeechDat-Car project where spoken language resources are collected and provided to train robust speech recognition systems for voice dialling for radio telephones in cars, accessing remote teleservices and voice servers from car telephones and for controlling car accessories. A total of 300 speakers have been recorded for each participating country [Moreno et al, 2000 (a)]. The Danish recordings were concluded October 2000 [Lindberg, Nov. 2000 (c)].

(Børge Lindberg)

DSD

Focus on distributed spoken dialogue systems (DSDs), e.g. remote server-based architectures where end-users access web-services through handheld devices, have lead to standardization efforts for formalisms for recognition grammars and dialogue descriptions. Standards are discussed and proposed within the W3Cs voice browser activity, VoiceXML forum etc. Based on a flexible suite of Natural Language Processing tools developed and improved over the last years (cf. CPK Annual Reports 98, 99) the project aims at evaluating some of the standard proposals in realistic a set-up, where speech grammars and dialogue descriptions are derived from changing databases to be accessed by end-users. The evaluation sets focus on core issues like ambiguity, lexical structure, and semantic representation.

(Tom Brøndsted, Bo Nygaad Bai)

Dialogue Engine

Development on the 3. generation dialogue engine was started in the fall of 1999. The dialogue engine controls the flow of a spoken dialogue. The latest engine is targeted at experimentation with spoken dialogue in small handheld devices. In 2000 it was used for dialogue control in the student project "Position-aware Speech-enabled Hand Held Tourist information System". See CPK Annual Report 2000 - Figure 4.1.3.2.

(Bo Nygaard Bai)

NLP-Suite

The NLP-suite is a set of tools to control speech understanding (generation of language models to constrain speech recognition, syntactic/semantic parsing of output from recognition). The suite has continuously been developed, augmented and extended over the last five years. In 2000 it has been used to conduct experiments and evaluate formalisms in the NaNu and DSD projects.

(Tom Brøndsted)

User Interaction on Future Multimedia Mobile Phone Terminals 

This activity is concerned with an industrial PhD project in collaboration between Siemens Mobile Phones and Aalborg University, CPK within the PhD programme in Electrical and Electronic Engineering. The first phase of the project is a comprehensive study of the literature, standards, products, and conferences dealing with mobile computing and communication technologies. The goal of this phase is to gain an overview of current trends and the state-of-art within the areas of mobile computing, standards (WAP, UMTS, Bluetooth, etc), and the concurrent trends within the development of hardware (e.g. compact screens, wearable computers). The second step consists of an analysis of a broad selection of potential applications. These can be projected from existing devices and applications, but can also be completely innovative, based on the knowledge gained from the initial study. The analysis will also be made, using the studies of the marketing department of Bosch Telecom, giving to the study an open eye on the market expectations. The analysis will have as its conclusion a categorisation of the applications into a number of general classes, e.g. according to requirements for high bandwidth, internet access, position awareness, fixed standards, high resolution graphics, speech technology, etc. The classification will be used to identify levels underlying common requirements and functionality and separate them from the very application specific issues. This classification will also be layered so that the classification model can be easily modified when new technologies appear. The classification will conclude the analysis part of the study, and lead to the design of an application and hardware independent software platform for multi-modal user interface development on mobile devices.

(Gäel Rosset, Lars Bo Larsen)

TriaDis - Trials on Distributed Speech Recognition for Mobile Network Embedded Voice-Controlled Services

The main goal of TriaDis is to validate, through Trials with selected group of end-users, the "DSR" improvement in terms of performance and usability on voice-controlled server embedded in a real Mobile Network (GSM, DCS-1800). The DSR concept has been recently introduced, designed and evaluated by the TSI-AURORA Group with the target to make a standard. Hence TriaDis plans to implement "DSR" on a real server application accessed by any mobile terminal and perform validation trials. Indeed no real-context trials have been done but only tests on simulated environments in the frame of TSI-AURORA. Moreover the Consortium possess an important background allowing to get ready in a very short-term a validation platform after adaptation from an existing Terminal prototype platform and speech-controlled dialogue application (L&H, CPK). If successful, high exploitation of TriaDis results is expected by the Consortium. Due to a manpower shortage in the SMC-group, CPK has later withdrawn from the TriaDis project, which was discontinued in March 2001.

(Lars Bo Larsen, Paul Dalsgaard, Bo Bai)

AdgangForAlle (Equal Access for All) 

A recently published survey from OECD states that approximately 1/4 (~ 1.3 mill) of the Danish population between the ages of 16 to 66 have difficulties acquiring knowledge from text-based sources. As a consequence they are at a disadvantage using printed material such as newspapers, magazines, manuals etc. Their situation may become even worse in the coming years as it is expected that many telephone services will gradually be replaced by web pages (e.g. telephone directory assistance and travel information). In general good reading skills are anticipated to be one of the key qualifications for being able to participate in a modern democratic society. The project vision is to develop a specialized web portal for people having reading disabilities. Through the portal the users will have access to any other web page, which upon user request can be read aloud using text-to-speech synthesis technology. The automatic reading will be achieved without requiring users to install any other software (or hardware) than Microsoft's Internet Explorer version 5 or newer. By the end of 2001 the project has succeeded in installing a first version of the software on a central server. After highlighting some text the user can press the 'play button' and have it read aloud using a Danish Text-to-Speech synthesiser on a central server. Any other web page may be loaded by typing its' url' in the address field, see CPK Annual Report 2001 - Figure 4.1.1.1 (The layout of the homepage for www.adgangforalle.dk). Plans for 2002 aim at optimising the software with respect to e.g. latency time, parsing of web pages etc. In addition formal user tests will be conducted to document the potential of the server as a compensating tool for people with reading difficulties. Furthermore the project is organising a workshop entitled "The Talking Internet Service - a Free Tool for People with Reading Difficulties" at "The 10th Biennial Conference of The International Society for Augmentative and Alternative Communication (ISAAC)". The workshop will disseminate project results and discuss future research directions. The project is funded by the Digital North Denmark, from the local public authorities and by the participating partners, each with one third of the total cost. The project is scheduled to run over a three-year period, ending in 2003. Further information may be found at: www.adgangforalle.dk and in the submitted paper [Andersen, Dalsgaard, Hjulmand, Larsen and Pedersen, 2001].

(Ove Andersen, Paul Dalsgaard)

Danish Speech Synthesis (DST project)

The Danish Research Ministry is funding a 27-month project that will develop a new generation highly intelligible and natural-sounding text-to-speech synthesizers for Danish. The synthesizer is expected to gain high market penetration through high quality combined with attractive pricing. The consortium behind the project comprises: The Institute for General and Applied Linguistics, Copenhagen University; TeleDanmark A/S; Speech-Ware A/S, and the Center for PersonKommunikation, Aalborg University. CPK's main responsibility within the project is to carry out research on and develop techniques for synthetic speech signal generation. Furthermore, CPK co-ordinates activities on assessment. The current signal generation module is based on Residual Excited Linear Prediction technique for time scaling, pitch modifications and unit concatenations. At the moment two Danish databases are released: a male and a female voice. Both databases consist of approx. 3000 speech units (di- and triphones) extracted from carefully pronounced nonsense words. The final version of the text-to-speech synthesiser was delivered to the Danish Research Ministry in due time November 31 2001. The improvements in intelligibility and naturalness as compared to an earlier version were documented through a formal assessment session. For further information about research within this area and online demonstrations refer to: http://www.cpk.auc.dk/syntese/ and http://www.speech-ware.com. This year's publications comprise [Barry, Nielsen and Andersen, 2001; Hoequist and Andersen, 2001a-c; Nielsen, Hoequist and Andersen, 2001; Andersen, 2001a-c; Andersen, Danielsen and Hoequist, 2001].

(Ove Andersen, Charles Hoequist, Paul Dalsgaard)

Analysis of intonation, prosody etc. 

Based on the pitch-extraction algorithms used for speech, an experimental system for recognition of hummed tunes has been developed by 6th semester students in a project with focus on pattern matching. The results reported in the conference paper [Brøndsted, Augustensen, Fisker, Hansen, Klitgaard, Nielsen, Rasmussen, 2001] shows that many problems encountered in speech-like "creaky voice" hardly ever occur in hummed sound signals. Likewise, no typical halving/doubling errors were encountered in the system. Testing with seven persons humming 46 songs in total, shows a successful recognition rate of 75.6 % with a search space of 39925 songs.

(Tom Brøndsted)

Out-of-Vocabulary Detection and Confidence Measures 

With the rapid advances in speech recognition technology, application systems deployed perform reasonably well when the user is cooperative and carefully uses the system's vocabulary. In many applications, however, all the words to be recognised by a speech recognition system cannot be provided in advance, especially in the case of relatively small-embedded systems. Words being pronounced, which are not part of the lexicon of the recogniser, are called out-of-vocabulary (OOV) words. Generally, the recognition accuracy degrades sharply when OOV words, or more generally, extraneous speech are present. It is therefore important to develop methods that can identify when a recogniser's hypothesis is correct and when it may be in error. A usable system should be able to reject extraneous speech and noise and to determine how confident it is in the speech that has been recognised. OOV-detection falls under the category of decisions based on a quantitative score, also called confidence measure (CM). A CM is the result of a hypothesis test that weighs the probability that the hypothesis (word/sentence) is correct against the probability that it is incorrect. Hence, in order to calculate a CM for a hypothesis, it is crucial that an estimate of both of these probabilities can be estimated (explicitly or implicitly). The goal of the OOV-project is to study and develop new acoustic CM, which can be used for OOV detection. The focus will be on techniques that can be implemented using limited hardware resources - i.e. techniques that can be used in connection with a speech recogniser running on a mobile terminal in the near future. Some preliminary experiments based on a modified COST 249 SpeechDat reference recogniser have been used for OOV-detection and evaluation of confidence measures.

(Zheng-Hua Tan, Børge Lindberg)

Speech recognition within the pathology institute 

The present project is a collaborative project between the IT-department (IT-Sundhed), the Pathology Institute at Aalborg Hospital, MaxManus and CPK. The purpose of the project is to investigate the potential rationalisation achievable in introducing speech recognition within the pathology institute. The potential advantage is both less need for resources and a faster production of reports. Currently, spoken medical records are converted to text entered in forms by secretaries. For that purpose a dedicated form filling system is already in use based on digital speech recordings. While an immediate introduction of speech recognition would be by replacing the manual form filling process by an automatic process, it is questionable whether this will be a sufficient integration in order to achieve any rationalisation. For instance, secretaries are not "just" typing what was said, they are also correcting mistakes made by the doctors. This latter correction is hardly achievable by an automatic system. A more integrated system would enable the doctors to do on-line corrections but this may result in an in-appropriate (from an economic point of view) change in balance of workload and increase the time spent by the doctors. CPK is involved in the evaluation of the system integration. The speech recogniser applied for this project will be provided by Philips (Speech Magic in Danish).

(Børge Lindberg, Lars Bo Larsen, Paul Dalsgaard)

Speech resources 

A number of (Danish) speech resources including both databases and software modules are maintained. The resources encompass speech recognition software (the large vocabulary speech recogniser Slang, ported versions of HTK 3.0, java-interfaces to HTK), acoustic models to be used with the speech recognition modules (models for Danish and other languages trained on the SpeechDat-II database), Java-interfaces to MSS API compliant speech synthesizers, and a NLP suite for speech understanding. For details, see http://cpk.auc.dk/~tb/speech.

(Tom Brøndsted)

Acoustic-Phonetic Modelling with Bayesian Networks

This research project aims at improved modelling of the relation between a phonetic symbol-string and its acoustic speech signal. Such acoustic-phonetic modelling is typically done with hidden Markov models (HMMs), which allow efficient calculations, but which disregard many aspects of speech signals, especially the inherent time-correlation. Switching state-space models (SSSMs) extend HMMs with a continuous hidden state-space, which can be interpreted as a pseudo-articulatory representation of speech. This level connects the phoneme sequence with the acoustic signal. Bayesian Networks (BNs) can describe HMMs and SSMs as well as future extensions. A BN is a directed acyclic graph of stochastic variables and a probability distribution on this graph. The visual representation is appealing when phoneticians and other speech experts discuss model construction with statisticians. Using BNs as modelling framework also allows benefiting more readily from advances in BN technology, such as new methods for inference and learning. Exact calculation is not feasible with SSSMs, and Gibbs sampling has been chosen as an approximate method for inference and learning of model parameters. A Gibbs sampler has been implemented and tested on simulated data, and will be applied to real speech data. These experiments will be made with the TIMIT database because it includes phonetic transcriptions by phoneticians. The goal of this project is to improve speech recognition by using more accurate acoustic-phonetic models. Secondarily, experiments with the new models might provide new insight into speech production and the structure of speech signals. The SSSMs are expected to be a step stone towards even more detailed stochastic models. Such models should capture more of the large diversity in speech signals by including more aspects of speech production. CPK Annual Report 2001 - Figure 4.1.2.4 (BN representation of an SSSM. Only three time-slices of the chain are shown, with the phonetic level, Q, pseudo-articulatory level, Z, and the observed acoustics, O).

(Johan M. Andersen, Børge Lindberg, Steffen L. Lauritzen)

Multi-Stream Speech Recognition

Within the area of speech recognition the paramount cause of the discrepancies between the performance of humans and machines is the lack of immunity of Automatic Speech Recognition (ASR) systems to variations in the acoustic signal not affecting the linguistic message; for example, variations stemming from a change of speaker or speaking style, environmental noise, or channel distortions. Conventional ASR systems rely on a single source of information, which is in sharp contrast to what we know about the way humans process speech. Both physiological and psycho-acoustic studies have shown, that human speech recognition is based on several, parallel information extractions from the speech signal. This indicates that incorporating more heterogeneous processing into ASR systems might be a way to leave a possible local performance maximum of current ASR systems.  The goal of this work is to find a more principled way for choosing the parallel feature streams to combine; specifically, a data-driven approach is developed to tailor heterogeneous feature streams for a multi-stream framework. These parallel feature streams may perform better in combination than conventional speech recognition features because they are designed to complement each other. One approach has been to introduce more phonetically motivated information into automatic speech recognition at the acoustic model. Two types of experts have been used; each providing discriminative information regarding groups of phonetically related phonemes. The phonetic experts are implemented using an MLP neural network.  Experiments on a numbers recognition task have shown that, when using the expert in conjunction with both a full frequency band and multi frequency band system speech recognition performances have increased. Another approach focuses on the noise robustness of systems with heterogeneous features. In particular a system where different features are extracted for different sets of phonemes. The employed features are computed by applying a linear transformation, estimated in a data-driven fashion, to standard feature processing methods. The transformed features are tested in a set of experiments employing different system configurations. Overall the experiments suggest that employing more phoneme specific features can improve speech recognition.  When testing the system on noisy speech with added car or factory noise, this tendency was maintained [Christensen, Lindberg and Andersen., 2001, 2002].

(Heidi Christensen, Børge Lindberg, Ove Andersen)

DSD: Distributed Spoken Dialogue Systems 

Focus on DSD's, e.g. remote server-based architectures where end-user's access web-services through handheld devices, have lead to standardization efforts for formalisms for recognition grammars and dialogue descriptions. Standards are discussed and proposed within the W3Cs voice browser activity, VoiceXML forum etc. Based on a flexible suite of Natural Language Processing tools developed and improved over the last years (cf. CPK Annual Report 98, 99) the project aims at evaluating some of the standard proposals in realistic a set-up, where speech grammars and dialogue descriptions are derived from changing databases to be accessed by end-users. The evaluation sets focus on core issues like ambiguity, lexical structure, and semantic representation. A demonstrator/prototype accessing news over the internet has been established. Results are reported in [Brøndsted, 2001] and [Bai and Brøndsted, 2000].

(Tom Brøndsted, Bo Nygaard Bai)

The Automatic Pool Trainer 

The Automatic Pool Trainer (APT) project is an "in-door" CPK project, developed by the SMC group in close collaboration with a number of thesis students. Its aim is to research and demonstrate multi modal user interaction as well as serve as a pedagogical platform for students. The current version of the APT features spoken in- and output, as well as visual detection of the pool balls. The set-up consists of a pool table, cues and balls, etc. In the ceiling above the pool table a laser and a camera are mounted. The laser will draw shapes (e.g. lines and circles etc) on the surface of the table, and the camera captures the positions and movements of the balls. A large screen is mounted on one wall of the room and shows instructions to the users, replays of the users shot, evaluations of the performance, etc. The system is addressed either by voice or via a touch screen. The training programme consists of more than a hundred different exercises, organised in ten Sections. The objective of all exercises is to shoot the target ball in a specified pocket and position the cue ball in a specific position (denoted the target). The exercises differ in the topic they address and the level of skill required. The APT will guide the user when selecting an exercise by presenting an overview of all the exercises, which can be zoomed for more detail. It also maintains a user profile, which is used to propose a suitable exercise. CPK Annual Report 2001 - Figures 4.1.3.2a-c illustrate the APT. (Fig 4.1.3.2a Overview of the Automatic Pool Trainer). (Fig 4.1.3.2b Example of an exercise). (Fig 4.1.3.2c Close-up of a pool ball with the laser beam). Recent results are reported in [Larsen, Brøndsted, 2001]. Parts of the general platform have been published in a book chapter [Brøndsted, Larsen, Manthey, McKevitt, Moeslund, Olesen, 2001].

(Lars Bo Larsen, Tom Brøndsted)

Indsatsområdet Trådløse Netværk / Wireless Networks:

WING IP Simulator: WIP

To investigate the performance of the wireless application of the Internet Protocol, within the WINGlab an object-oriented event driven network simulator has been developed. The simulator is written in C++ and uses simple text files as input. During the simulation events are recorded in a trace file from which data can be extracted afterwards. In contrast to other simulators, WIP only consists of a network/transport layer and will implement the underlying layers by error models. This makes it easier to validate simulations. The simulator can be used to investigate the performance of Mobile IP, it is intended that the simulator will be extended with more sophisticated mobility management protocols, a TCP implementation and error models for various air interfaces and a graphical user interface.

(Boris Kock, Carl Wijting, Martijn Kuipers)

WING IP Simulator. Implementation of the five-layer network stack 

The implementation of the network stack is depicted in CPK Annual Report 2001 - Figure 4.2.1.1b (Network stack implementation). All the blocks in Figure 4.2.1.1b are implemented as base-classes. This makes it easy to add different protocols/mechanisms to the simulator. These different protocols and/or mechanisms are configured in the input-files of the simulator. The IP-layer exists in two-fold. One is the slot-object, which handles the interfaces to other nodes; the other is the IP-processor object, which deals with the processing of the IP-packets. The latter means forwarding the packet to a sink, routing the packet, etc. The dali handles the data link protocols. The data link converts between packets and frames. The MAC deals with the multiple access problems in the simulator. The MAC schedules the start of a transmission and starts transmitting the frame onto the medium. The medium has some parameters to model the bit-error-probability of the channel. All the media are connected to a common block, called Marconi. Marconi has a list of the different media, which are in range of each other. A frame, which is transmitted onto the medium by the MAC, is then forwarded to all connected media by Marconi. Marconi also calculates the interference (e.g. multiple access interference) based on the number of users. As there is only a modest propagation model implemented in the simulator, the interference is denoted as the probability of success. The movement of the mobile nodes is also controlled by Marconi. Both the wired and wireless scheme makes use of the same Marconi. The difference between them is expressed in the reliability of the link. 

(Martijn Kuipers, Gerben Kuijpers, Anelia Mitseva)

Graphical User Interface for WING IP Simulator 

With the further development of the WING-IP Simulator, manually drawing of the network and creating of the network file become very time-consuming and error-prone. A need for user-friendly and time-saving Graphical User Interface (GUI) for the Wireless IP Simulator arises from the fact that the user of this Simulator should be able to draw, zoom-in/zoom-out, save and edit a large and complex network and its components in a user-friendly and fast manner; to automatically store all the parameters of the network and to generate the input files for the Simulator. The GUI is a Windows based application, which passes the network and the scenario files to the engine of the Simulator. The GUI is easily understandable and an intuitive tool for drawing large networks with commonly used graphical images of the main components; a tool for performing the standard windows capabilities like clicking to select a component, dragging and dropping components, deleting components, pop-up forms for inputting parameters; editing the network and the parameters; copying and pasting; on-line help information; automatically generating the input files for the WING IP-Simulator.

(Anelia Mitseva)

IP Link-Emulator 

The work was concentrated to Investigate and implement an IP-Link emulator that could generate the network characteristic of a wireless link on a fixed network. A wireless link is assumed to be a network having less bandwidth, more packet loss and more delay in communication. A Linux machine is made to work as a black box between two different networks and the ability of connecting two networks together. It is made to monitor and manipulate all the traffic (IP packet) through the Internet Protocol (IP) by applying packet loss and controlling the bandwidth of a connection. The manipulation and control of the IP packet is made at the IP level of the TCP/IP protocol suite and the bandwidth are controlled by using different queue technology. 

(Sam Louyeh)

Routing and Quality of Service in Heterogeneous IP-based Mobile Ad hoc Networks 

Routing protocols for mobile ad hoc IP networks have received a lot of interest over the past few years and many routing protocols have been developed. However, the focus has mainly been on networks where the ad hoc network nodes are identical in terms of radio range, link bandwidth, battery power and computational capabilities. Moreover, typical ad hoc networks are considered as stand-alone networks, with no connection to the fixed (wired) Internet. With the uprise of Personal Area Networks (PANs), it is expected that devices that form mobile IP networks in an ad hoc manner, have widely different capabilities. The resulting network is thus highly heterogeneous and is also expected to provide Internet access, whenever possible. This research will study and develop routing algorithms that take into account the varying capabilities of the devices in the network. It will also take into account the routing issues when routing between an ad hoc network and the fixed Internet infrastructure. In CPK Annual Report 2001 - Figure 4.2.1.3 (Heterogeneous mobile ad hoc network based on Blue tooth and Wireless LAN technology, with access to fixed IP networks through Access Points) an example of a heterogeneous ad hoc network based on a combination of Blue tooth and Wireless LAN technology is shown. In a later stage of the project, the routing algorithms will be extended to provide various degrees of Quality of Service. Recently, the framework of the WINGlab IP simulator has been extended to include wireless links and mobility support. As part of this research, the Blue tooth PAN profile has been implemented in the simulator. The WINGlab IP simulator will be used throughout this research to evaluate different routing algorithms and Quality of Service mechanisms that are going to be developed.

(Gerben Kuijpers)

Performance of TCP/IP Protocols over CDMA Wireless Links 

The issue of the performance degradation of TCP protocols over wireless links due to the presence of non-congestion related packet losses has been addressed. A proper power control strategy has been proposed that allows improvement of the performance without increasing the transmission delay and/or increasing the energy consumption. The strategy consists of the combination of two actions: 1) to decrease the target Frame Error Rate (FER); 2) to decrease the energy consumption by applying a truncated power control that does not attempt to compensate all the deep fades. According to this power control, an upper bound on the maximum transmission power is introduced. When the needed power is higher the transmitter stops and waits until the channel conditions change. As a result, the power rise needed to improve the performance at TCP layer in wireless channels is reduced at expense of the introduction of a delay at physical layer. However, due to the reduction of the average number of retransmissions provided by the first action, the overall delay could turn out to be lower. The intuition behind that is that instead of transmitting and then retransmitting it could be better, in terms of delay, not to transmit at all and waits until the channel condition changes. The effectiveness of the strategy depends on the variability rate of the channel, characterized by the Doppler frequency (fD). The higher is the Doppler frequency, the more effective it is the strategy in term of throughput-delay trade-off. Furthermore, a model of the physical and radio link layer that takes into account the peculiarities of the CDMA interface has been carried out. The model will be applied to network simulations in order to evaluate the end-to-end performance of data applications (FTP, Web browsing) on 3G wireless air interfaces and optimise the interaction among physical and higher layers.

(Ernestina Cianca)

Voice over Wireless IP (VoWIP)

VoWIP was initiated in August 2000 after finding its importance for the future activities. This area of research plans to investigate integration between Voice-over-Wireless IP and OFDM by evaluating the performance of a wireless IP-based architecture supporting voice services in presence of multimedia traffic and utilizing an OFDM air interface. This research contributes to the overall process towards optimal convergence and interoperability of existing and upcoming indoor and outdoor communication systems. The objective is to provide for real-time voice services with certain deterministic guarantees (e.g., QoS) for future high-end multimedia applications and achieve efficient bandwidth utilization and seamless access on wireless links by focusing on a packet-switched wireless IP network utilizing OFDM as transmission technique in the physical layer. Activities are in cooperation with representatives under the guidance of Søren Holdt Jensen of the Digital Communications Professional Group. This subject has been also considered in research activities within IP Networks area. 

(Albena Mihovska, Søren Holdt Jensen)

Aalborg IPv6 Radio Project 

The TCP/IP protocol suite, already widely used over fixed data connections is also increasingly applied over wireless connections. However since it was never developed for use within this domain several degrading factors exist, such as: the lack of mobility management mechanisms, the inability of the congestion control mechanism to function over links with a higher error probability (for example wireless links), and the need for guaranteed levels of service and security. The Aalborg IPv6 Radio Project focuses in particular on the offering of Quality of Service over these wireless packet networks given the fact that the link quality varies as well as the users and their offered traffic with the network. The research within the project focuses at the moment on cross-layer optimisations in order to improve the offering of Quality of Service in (IP based) packet switched networks. Based upon the monitoring of the incoming traffic (quantity and desired service level) and the available radio resources the most appropriate logical link is defined in terms of Error Correction coding, maximum number of re-transmissions, frame size to optimise for a certain delay or throughput. Further the project has investigated mobility extensions to IP, such as Mobile IP and Hierarchical Mobile IP. These mechanisms reroute the packets if a user is not available in his home network but resides somewhere else. The delay, overhead and possibilities to offer Quality of Service vary per method and depend on for example the frequency by which the roaming mobile updates location databases and how transparent handovers are implemented.

(Carl Wijting)

Error Correction mechanisms over Correlated Channels 

Recently there has been a considerable increase in the development and design of wireless networks. As a result, a wide range of mobile networks is being deployed, such as cellular networks (GSM and UMTS) and Wireless LANs. In this context, performance degradation of TCP/IP protocols over wireless links is an aspect worth of attention. Error control mechanisms such as ARQ and FEC may be introduced at Radio Link Layer in order to enhance the reliability of the channel 'seen' by the transport layer. Many applications have latency requirements, which cause the data to be useless if it is not delivered within a certain delay. This requirement imposes some limits on the design of the error control mechanisms. In FEC, redundancy is added at the transmitter and is used at the receiver to correctly recover the information even in the presence of some transmission errors. FEC schemes allow for the trade-off between data rate and residual errors. Due to the correlation in the channel, error coding only marginally improves the performance, the channel has to be made memory-less (uncorrelated), to achieve this, an interleave can be deployed. However this introduces additional delay to the system. In ARQ a smaller percentage of redundancy than in FEC is added to the data but the re-transmission mechanism and the randomness of the channel errors introduce a random delay and it is usually discarded in case of services with strict delay requirements. This project investigates the impact of the interleave depth, both in terms of residual Frame Error Rate and transmission delay (see CPK Annual Report 2001 - Figure 4.2.1.5 Delay performance of ARQ over correlated channels using block interleaves. Applying Selective Repeat with different interleave depths (d = 1, 50, 75, 100, and 150), frame size = 8*BCH (63, 51), and Doppler frequency (fd) = 0.001), on the performance of error control mechanisms in presence of a correlated Rayleigh fading and delay constraints. It is found that in bursty channels, even if increasing the interleave depth helps in improving the BER, it not always improves the performance in terms of residual FER. In fact, depending from the interleave depth and burstiness level of the channel, the effect of the interleave is to impact more code words, even if a higher number of code words can be corrected. To get an improvement also in terms of FER the interleave depth should be too high, thus impacting the delay. Therefore the introduction of re-transmissions, which generally helps in improving the channel reliability, in case of bursty channel also helps in fulfilling the delay requirements.

(Eva Braia, Carl Wijting, Ernestina Cianca)

A Fault-tolerant Call Control Server System Based on RSerPool 

The leading wireless technical forums (3GPP, 3GPP2 and MWIF), have selected the Session Initiation Protocol (SIP) for session management within UMTS. SIP is an application-layer protocol for creating, modifying and terminating sessions. To provide reliable SIP services, an underlying fault-tolerance system (CPK Annual Report 2001 - Figure 4.2.1.6 The SIP fault-tolerance system) is required, comprising three subsystems: State-sharing, Failure-detection and Fail-over management. A test bed has been set-up in which the implementations of the Stream Control Transmission Protocol (SCTP) and SIP have been installed and tested. The state-sharing subsystem is the heart of the SIP fault-tolerance system. Within the joint Siemens-CPK project, a novel state-sharing algorithm has been devised, implemented and tested in the test bed. The state manager is of generic type thus being transparent for the underlying state-sharing mechanism. A text file is a medium for the state updates transport. Any protocol for reliable file transfer can be used. SIP is a message-oriented protocol, and this mechanism deals with SIP-level states. Thus, it is the first SIP-specific state-sharing mechanism.

(Marjan Bozinovski, Branko Stancev, Liljana Gavrilovska)

Intra- and Inter-Domain Quality of Service Management for IP Based Networks 

The guarantee of end-to-end QoS in IP-based networks requires efficient resource management mechanisms that can reserve/control resources like bandwidth, delay and jitter according to a policy for immediate and future resource utilization It is not possible to manually configure every network device with the right queuing and traffic processing mechanisms to provide consistent, priority-based service everywhere necessary in a large-scale network. In addition, QoS applications must continue to work properly even if the network is dynamic and network topology changes frequently. The "traditional" network management applications cannot meet those requirements. To fully automate the decision-making process, using a third-party policy-based networking (such as bandwidth broker) offers a new way of controlling the QoS capabilities in the network. The model proposed here is an intra- and inter- domain QoS management architecture consisting of a Common Open Policy Services (COPS) based Policy Control Management System, Clearing-House (CH), Open Settlement Protocol (OSP) used to negotiate between CHs and Differentiated Service (DiffServ) network with Dynamic Advanced Resource Allocation. The architecture is designed to be modular and hierarchical, allowing future modification and addition to existing framework. The simulation model describes the use of COPS for dynamic Resource Allocation in a DiffServ network. COPS- DiffServ Resource Allocation (COPS-DRA) combines the outsourcing and provisioning model, providing a scalable, flexible and efficient usage of network. This model distinguishes itself from the traditional approaches in several aspects. Firstly it has hierarchical and distributed management architecture, which is strongly attributing to the scalability issue. Secondly, the network resource utilization is optimised, by separating the signalling plane from data plane. Thirdly, for the intra-domain the local CH interprets traffic specifications received from access/core edge router and selects the best packet traversal routes and makes flow based resource reservation within the Logical Domain (LD) or aggregated resource reservation between the LDs within the same Basic Domain (BD).

 (Mahbubul Alam)

QoS Aware Radio Resource Allocation in Future Wireless Communication Systems 

Future wireless systems aim to provide a range of different services, from voice (requiring low bit rates) to multimedia and streaming applications that will require higher and varying bit rates. To simultaneously provide a high quality voice service and high-speed packet data connections with acceptable radio resource utilization, a UMTS network needs to share its radio and network resources efficiently between the different service classes. Currently, a well-defined basis that allows different services to co-exist in the same network in an efficient way does not exist. The PhD work during year 2001was focussed on examining the possibilities to achieve higher radio resource utilisation by using Resource Estimation and Control. The term "Resource Estimation" refers to the calculation of the so-called 'Free Capacity' or 'Free Power'. This 'Free Power' refers to the amount of downlink transmission power used only by data calls in such a way that the quality of all ongoing voice calls is not disturbed and the upper bound of the base station's transmission power is not reached. In addition, Resource Control refers to the guided allocation of the 'Free power' to the cells where it is most needed, according to the current load conditions in the network. This kind of resource estimation and control avoids the over-allocation of resources. The possible gain of this approach was investigated with a UMTS system level simulator (build in MatLab). Several alternatives were investigated how the UMTS system should allocate the downlink transmission power for data users. For the interested reader more detailed description of the used approach and the preliminary results could be found in the paper [Espinosa, 2001].

(Ljupco Jorguseski)

Multi carrier Techniques for Wireless LANs 

Over the last years the use, and interest, of Wireless LANs (W-LAN) has grown faster than expected. IEEE 80.11b (the most widely used W-LAN standard) had almost no users at the beginning on 2001, but by the end of the year it was estimated to have over 15 million users. It is likely that this trend will continue. This increase of popularity also increased the demands for higher data rates. The gross data rate of 802.11b is 11Mb/s, but reality reveals an overhead at the physical layer of at least 30 %, reducing the data rates to approx. 7 Mb/s. For IEEE 802.11a, for which product have become available recently, gross data rates can go up to 54 Mb/s. This PhD research investigates improved multi carrier techniques, with lower overhead at the physical layer to increase the user data rates even more. These multi carrier techniques should also be robust against interference, as W-LANs are currently deployed in an open spectrum band. Techniques currently under investigation are Orthogonal Frequency Division Multiplexing, Multi carrier-Code Division Multiple Access, and a combination of the aforementioned. 

(Martijn Kuipers)

Wideband Multimedia Solution Using Hybrid OFDM/CDMA/SFH Techniques

A radically new technique was proposed for application in wideband multimedia. It entails an amalgamation of OFDM/CDMA/SFH techniques to yield high bit rates with a low bit error rate suitable for wideband multimedia applications. The system was tested through simulations in AWGN as well as fading channels. The simulation results were compared with each other and an OFDM system proposal was given for each of the two types of modulation viz. QPSK and 16 QAM. A new type of synchronization technique for OFDM systems was discussed. A fuzzy logic based algorithm has been chosen. The performance of this algorithm in AWGN and fading channels was verified through simulations. This technique yields very accurate synchronization as compared to existing techniques: it enables a receiver to directly monitor the transmitter clock in the manner of a closed loop control system. 

(M. Jankiraman)

OFDM Synchronisation and Wideband Power Measurements at 60 GHz for Future Wireless Broadband Multimedia Communications

Two aspects of the physical layer for very high-speed wireless transmission were investigated. The concentration was on the new power spectrum measurement technique, characterisation of 60 GHz channel with it, and synchronisation algorithms for OFDM. Knowledge of the propagation channel is a base for design of all system parameters. The physical properties of millimetre region of the spectrum were modelled using a new technique for wideband power measurements in the frequency domain using a spectrum analyser. The developed way of measuring is flexible, affordable and with a simple calibration procedure, while still giving the important parameters such as path-loss exponent, Rice K factor and root mean square delay spread. The result of the 60 GHz measurement campaign was a Rice channel with a strong LOS (line-of-sight) component. One of the most critical functions of every digital receiver is synchronisation. It is crucial for OFDM technique, since even minute errors in carrier frequency or symbol timing prove to have a devastating effect on demodulation. The future wireless multimedia systems are expected to work in the millimetre wavelengths. Stable clocks for these frequencies are very expensive at this stage of technological development, what is not desired for a personal hand-held, especially on consumer-market. A new fast method for acquisition was developed which needs only one training symbol for getting all synchronisation parameters. The work provides a comprehensive analysis of the blind maximum likelihood estimation technique based on the cyclic prefix redundancy and proposal for its improvement. A new method was proposed for OFDM tracking of synchronisation based on the phase differences between sub-carriers, that is simple to implement and not dependant on the influence of multipath on the cyclic prefix.

(Dusan Matic)

A Novel Joint Frequency/Timing Estimators Scheme for OFDM-based Systems 

The Orthogonal Frequency Division Multiple (OFDM) access schemes have been gaining a lot of attention for next generation of mobile communication systems because of its immunity to the multipath interference and effective spectrum utilization. The successful adaptation of the OFDM access scheme for European Digital Audio Broadcasting (DAB) and Digital Video Broadcasting (DVB) systems have catapulted this as a forerunner for the 4th generation of wireless communication systems and have already been adapted for the high data rate IEEE 802.11a/g and HiperLAN2 Wireless Local Area Network (WLAN) systems. Despite of being immune to multipath interference and spectrally efficient, the OFDM system is more susceptible to the symbol timing and carrier frequency offset than the single carrier system. This project proposes a novel scheme based on joint estimation of timing and frequency estimation in presence of Additive White Gaussian Noise (AWGN) in frequency dispersive channel and analyses the performance to contemporary estimators and documents its advantage and complexity. The project proves that the proposed class of estimator performs better than its predecessors in severally impaired environment and it is less taxing to system resources 

(Uma Jha)

A Novel Multi-rate Asynchronous Orthogonal Multi carrier CDMA System 

In this work, a novel multi-rate asynchronous orthogonal multi carrier CDMA scheme for the uplink is proposed. The proposed system is depicted in CPK Annual Report - Figure 4.2.3.4.a (Proposed Multi-rate MC-CDMA scheme). Serial to parallel converter sends a data bit over P branches. In a single branch a symbol with duration Ts is obtained. A copy of the symbol after multiplication with the PN code is performed. Each chip ai of the symbol spread by PN code with processing gain L is allocated to one of the different L carriers. The carriers are orthogonal on symbol duration Ts after serial to parallel converter and the data modulation employed is BPSK. 

It is assumed perfect sub carrier synchronization with no frequency offset. The multi-rate model is based on the change of the number of the serial to parallel converter according to the user bit rate. P is changed by keeping constant the symbol duration. If the number P changes, then the bandwidth of different users of different classes of bit rate is not the same. Furthermore, spectra of different users with different bit rates do not overlap. For this reason a new method must be found to separate the sub carriers and to resolve the problem. To optimise performance any user must be allocated to all the bandwidth available. This assignment is shown in CPK Annual Report 2001 - Figure 4.2.3.4.b (Assignment of sub carriers for user with different bit rate). The method consists in adding a certain number of zeros to maintain the separation between sub carriers. The performance of this scheme have been analysed under ideal power control and AWGN channel. As it is expected with assumption of ideal power control and no frequency selective channel, results indicate that the proposed scheme have approximately the same performance of traditional MC-CDMA multi rate schemes. However, for the use of MC-CDMA in a network with discontinue sources and with bit rate that changes rapidly, the proposed system allows a more easy change of bit rate. This is because it doesn't need other new spreading codes when a new transmission starts or when bit rate is changed. The extension of the proposed scheme over frequency selective fading channel is currently under investigation.

(Ernestina Cianca)

OFDM Air-interface Design for Multimedia Communications 

The main topic of this activity is the design of the air-interface of an OFDM-based, wide-band mobile communications systems for indoor and low-range, low-mobility outdoor scenarios. Wireless computer networks are the intended application of such systems, enabling wireless multimedia communications. The emphasis of this study lies on the physical radio link. Wireless transmission of ATM cells should be supported at peak data rates of 155 Mbit/s, according to the target specifications of the air-interface multiple access scheme under development. The 60 GHz mm-wave frequency band is considered, mainly because the required bandwidth in the order of several hundreds of MHz is only available at these frequencies. Synchronization and channel estimation algorithms are developed and evaluated, utilizing a known training symbol, which is periodically transmitted in the beginning of the fixed frame structure. It has been considered that robust and efficient synchronization and channel estimation schemes - critical tasks for OFDM receivers - are enabled by the training symbol, at the cost of a very small overhead. Now the implementation of the main signal-processing algorithm for the OFDM transceivers is in plan on a DSP-based experimental platform.

(Klaus Witrisal, Ramjee Prasad)

Personal Area Networks

In 2001 the WING group began a new activities in short-range networking area focused on wireless personal area networks (WPAN). WPAN is expected to be an important tool in the IP based 4G solutions that will provide users with seamless data and multimedia communication changing their personal and business environment.

 WPAN presents the person centered network concept, which allows a person to move, surrounded by its personal space (PS) and devices, and to communicate with them and through them with the outside world. Realization of this dynamic wireless concept requires new solutions for architecture, protocols, relayed low power consumption technologies, security and management, assuming spontaneous ad-hoc connectivity.

The aim is to build up expertise in networking aspects of WPAN and related issues such as ad-hoc networks. As a result of these initiated activities two project were proposed and accepted: PACWOMAN (IST project) and FACE (joint WING, CSys and SMC project).

(Liljana Gavrilovska)

Topology initialisation and adaptive clustering in Personal Area Networks

Personal Area Network (PAN) can be defined as a short-range wireless system that implements fully spontaneous, ad hoc networking. At present, Bluetooth is an actual technology that is closest to the goals set for the PAN paradigm. However, the early research efforts on ad hoc networking with Bluetooth only revealed the self-organizing mechanisms that should be considered for future PANs. The Ph. D. project deals with general aspects of short-range wireless technologies that are based on localized ad hoc structures, referred to as clusters. The topology initialization is the problem of mutual device discovery and identification (addressing) as well as the initial clustering of the wireless nodes. A cluster is an entity composed of proximate PAN devices, formed to provide contention-free localized communications among the constituent devices and / or to group the nodes logically for routing purposes. The complete topology of an ad hoc PAN may consist of several clusters, thus including intra- and inter-cluster communications. The adaptive clustering denotes the self-organizing behaviour of the ad hoc network, employed for the purpose of coping with nodes' mobility, specific service requirements and / or the need for lower power consumption. The goal of the Ph. D. project is to propose distributed algorithms that support adaptive ad hoc networking. The first research phase has been devoted to the design of algorithms for topology initialization.

(Petar Popovski)

Hybrid ISMA/FDMA protocol for wireless packet transmission

Recently, with a growth in the field of wireless communications and the advent of technology, there has been a need for new MAC protocols to meet the demands of networks with different traffic classes and services. The ultimate goal is to achieve a reliable and efficient schedule by which a common channel is distributed among users. A new hybrid ISMA/FDMA protocol has been proposed. The protocol is a combination of fixed and random assignments. The idea behind this design is to use the inherent flexibility of random access protocols and to increase the system capacity by combining a random access scheme with one of the resource division schemes, namely, FDMA. The proposed protocol is designed based on a dynamical principle of channel allocation. Our choice of ISMA is motivated by the fact that from a family of RA protocols ISMA has an explicit central control. Sensing medium before a transmission reduces chances of collisions. At the same time the random nature of this protocol gives it a necessary flexibility compared e.g. with polling schemes. Two types of the proposed protocol are considered, based on FDD and TDD modes. An analytical model for these schemes is developed assuming Poisson process model for arriving time of packets into a system. Comparison of the proposed scheme with the pure ISMA protocol is made. Analytical and simulation results show the improvement in the throughput for the proposed scheme with dynamic channel assignments over the pure ISMA.

(Tatiana Kozlova)

Security and protocols for Personal Networks 

This research work focuses on the system architectural aspects of PN and its interfaces to and interaction with infrastructure networks, such as Bluetooth, WPAN (IEEE 802.15), GSM, GPRS, 3G and WLAN (IEEE 802.11a/b), and PANs in general. The PN network will be heterogeneous in nature and the underlying communication protocols need to support this heterogeneity in an efficient way. It will be mobile, have an ad hoc character, may need to incorporate a potentially large number of device, and will have to provide an appropriate level of security, depending on the application and the owners wishes. These PN properties raise important research questions not only about the fundamental architecture, but also about control, management, and maintenance of such architecture. This project focuses on developing solutions for authentication and authorization in PNs, as well as an in-depth study of possible PN security architectures. The architectural aspects of personal networks and their interfaces with a wide range of legacy and next-generation wireless and mobile networks will be explored. Due to these typical heterogeneous interfaces the PN will have to operate under various protocol and physical conditions. This work will address the architectural boundary conditions taking into account frequency bandwidth, Access Technique, bit rate and privacy and security aspects.

(Neeli Prasad, Ramjee Prasad)

A New Air Interface OFDM-Based Access Technique and IP-Based Transmission

To fulfil the system requirements for next-generation systems with higher mobility and much higher user data rates, OFDM is a strong candidate for an air interface in these systems. A radio transmission system for the future generation communications must provide great flexibility and adaptivity at different levels, ranging from the highest (requirements of the application) to the lowest layer (the transmission medium, the physical layer, i.e., the radio channel). The current proposal focuses on the development of a system proposal for an air-interface and suitable multiple access techniques in an IP-based wireless system for future multimedia communications. The study will be based on a comparative and performance evaluation of existing and the newly developed techniques. Approximate duration is until June 2005.

(Albena Mihovska)

Partitioning Techniques in HW/SW Codesign

An evaluation survey of various methods for HW/SW partitioning in real-time embedded systems. The project is using various versions of the Viterbi algorithm as test vehicles. The table shows the methods under survey and the properties, which have been evaluated. See CPK Annual Report 2000 - Table 4.2.2.1. (The table shows the methods under survey and the properties that have been evaluated).

(Jens Peter Holmegaard, Ole Olsen)

Cache Performance in DSP Processors

Performance evaluation of cache memory architectures in modern superscalar and VLIW DSP processors. The project looks into various HLL constructs and their compilation onto state-of-the-art DSP processors, primarily from a cache perspective.

(Mindaugas Genutis, Peter Koch)

C Compiler Benchmark Methodologies

Benchmarking methodologies for C compilers for DSP processors. This project develops an environment for performance measurement of C compilers based on a set of code and time constrained DSP kernels. See CPK Annual Report 2000 - Figure 4.2.2.3a (Benchmarking scenario for the time- and size-constrained benchmarks) and Table 4.2.2.3b (Reported metrics).

(Allan Frederiksen, Ole Olsen, Peter Koch)

Computational Models for Wireless Applications

Efficient computational models for real-time embedded systems are being required in modern heterogeneous and often networked communication systems. This project develops a framework for evaluation for various models typically used for describing and synthesizing such systems.

(Daniel Cuadrado, Peter Koch)

Modeling, Design and Simulation for Embedded Software in Wireless Applications

Within the Information and Communication technology, real-time and embedded systems are becoming widely used. They are characterized by heterogeneity and constraints. General-purpose Software Engineering (SE) guidelines are not expressive enough to meet the requirements for designing such systems. This demands new methods for modelling, design and simulation. One effort in this domain is the Ptolemy project, carried out at Berkeley University, is one of the top-most research projects within this domain and a good framework. The research conducted so far in this project has been a survey of methods, techniques, theories, frameworks, projects, etc, related to this area. The general objective is to choose the most suitable and try to put them together coming up with SE guidelines. These guidelines should be specialized in general for embedded software and in particular for the domain of wireless networks. See CPK Annual Report 2000 - Figure 4.2.2.5 (Conceptual description of the project).

(Daniel Lázaro Cuadrado, Peter Koch)

Comparison of Third Generation DSP Platforms (3GDSP) 

This project is conducted in cooperation with local industry (ETI, DigiAnswer and NOKIA). The term 3G DSP is used in the sense of the state-of-the-art processors well suited for modern DSP applications. This may include processors typically referred to as digital signal processors as well as modern controllers featuring DSP possibilities, and general-purpose micro-processors. 

For that purpose, 3 platforms have been selected ("plat-form" is defined as processor and compiler) and analysed (TMS320C55x,TigerSHARC, ARM9E-S). Some case studies have been defined for analysis of the platforms (GSM EFR, Matrix Functions, Dhrystone, CVSD, Viterbi). Results clearly indicate that General Purpose Processors with DSP-extensions (such as ARM) are a viable alternative to dedicated DSP-processors (such as TI C55x) under the constraints considered in this project. See CPK Annual Report 2001 - Figure 4.2.2.1 (Cycle count and code size (bytes) for different coding style optimisations for the FIR filter kernel for the TMS320C55x platform).

(Ole Olsen, Daniel Lazaro Cuadrado, Jens Peter Hol-megaard, Peter Koch)

Efficient and Orderly Co-simulation of Heterogeneous Computational Models 

Embedded systems related to wireless communications are becoming more and more widespread. They are different from other computing systems mainly because of two reasons: they interact with the physical world and are executed on machines that are not first and foremost computers. Traditional design methods are not suitable for such systems. One approach to this problem uses heterogeneous mixtures of well-defined models of computation. The Ptolemy project carried out at University of California at Berkeley studies modelling and simulation of concurrent, real-time embedded systems. A tool called Ptolemy II programmed in Java that allows model-ling and simulation of embedded systems is the actual outcome of the Ptolemy project. Our main purposes and contributions are to formally document key parts of this tool relevant for our study and to speed up the simulation process. We expect to achieve speedup in the simulation for the inherently parallel models. We also expect to allow simulation of complex models that overflow memory by distributing memory consumption within different machines. For formal documentation, Abstract States Machines (ASM) has been chosen. It is a methodology based upon mathematics for describing simple abstract machines, which correspond to algorithms. It provides the formal foundation for specification and verification of complex dynamic systems as well as operational semantics. See CPK Annual Report 2001 - Figure 4.2.2.2 (Simulation scenario and heterogeneous Ptolemy model with the proposed modifications).

(Daniel Lazaro Cuadrado, Peter Koch; Anders P. Ravn, Computer Science Department, Aalborg University)

System-Level Design Methodologies for Low-Power Embedded Systems 

Energy reduction techniques for embedded microelectronic systems may be applied at any level of abstraction, from the layout and transistor-level to the system-level, where the microelectronic system is considered in terms of network interconnected processors exhibiting heterogeneous nature. Applying energy reduction techniques at the system level is particularly interesting due to the following reasons. Firstly, designing at higher levels of abstraction is necessary in order to cope with the constantly increasing system complexity. Secondly, previous studies have shown significantly better power savings at the higher levels of abstraction as compared to lower levels. Here, power savings observed are absolute, i.e., not relative to the design time. Recently, two classes of techniques towards power savings applied at the system level have attained special interest. These are Dynamic Voltage Scaling (DVS) and Dynamic Power Management (DPM). Both classes of approaches seek to reduce the energy wasted while the system experience low workload or even idle periods. Both DVS and DPM assume a Power Manageable Component (PMC) supporting multiple power-performance modes of operation. A PMC may be abstracted by means of a Power State Machine (PSM) as shown in CPK Annual Report 2001 - Figures 4.2.2.3 (a) PSM of a PMC supporting three power-performance states for DVS, b) PSM of a PMC for DPM) for a PMC supporting DVS and DPM, respectively. The PSM is used for system modelling of power manageable systems and design of DVS and DPM methods. Our work includes definition of a simulation environment based on the PSM for assessment and further improvement of existing DVS and DPM methods.

(Jens Peter Holmegaard, Peter Koch)

A Power Aware System Level Design Space Exploration Framework 

More the ever, design methodologies for embedded systems need to support design space exploration in order to experiment with various potential HW/SW solutions. Our experimental tool, "Design Trotter", has been designed to evaluate area (A), and time (T) parameters of generic ASIC architectures. However, since flexibility and energy (E) have become important parameters as well, we have extended the tool to allow (A, T, E) exploration of programmable processors. Our method, "HW/SW cost estimation", employs power related information from the target technology, thus providing the salient feature of estimating energy consumption of software executing on fixed or application specific architectures.

(Peter Koch; Yannick Le Moullec, LESTER, UBS, France)

Africa joining the Information Society investigating the Need for Information and Communication Services in Rural Tanzania 

This project is a micro-scale case study in the form of a follow-on research of the impact - positive as well as negative - of the Multipurpose Community Telecentre established by ITU, UNESCO and IDRC in Sengerema District, Mwanza Region, Tanzania in December 2000. The first fieldwork carrying out a base line study was undertaken in January - February 2001. A further short visit to Senerema, including interviews with telecentre manager and computer trainees, was undertaken in August 2001. A follow-up visit is planned for May 2002.

The research is done in co-operation with researchers from: Department of Development and Planning, Aalborg University; Institute of Development Studies, University of Dar es Salaam, Tanzania; Institute of Development Management, Mzumbe, Tanzania.

(Mona Dahms)

Informatics for Community Development: Evaluating the Impact of Telecentres in South Africa 

This PhD project, which evaluated the impact of 65 telecentres set up by the Universal Service Agency (USA), primarily in rural and township areas of South Africa, was successfully completed with the awarding of the PhD degree to Mr. Benjamin. The project looked at the four levels of: 

* People (Do individuals benefit from the telecentres, or are they negatively impacted);

* Project (How successful are the different telecentres - and what is meant by success);

* Programme (How effectively does the USA set up, support and interact with telecentres);

* Policy (How is the national policy on universal access to ICTs developed and implemented).

At all levels, issues of learning and power were analysed. In-depth fieldwork was carried out in 6 telecentres, and survey work was carried out at over 300 sites. The project was carried out in close cooperation with: Graduate School of Public and Development Management, University of the Witwatersrand, South Africa; Universal Service Agency, South Africa; CommUnity ICT network, South Africa; International Development Research Centre (Canadian IDRC).

(Peter Benjamin)

Indsatsområdet GPS:

The Mathematics of GPS

Observations from the Global Positioning System are quite different in nature from traditional surveying observations.  Estimation of double differenced observations between two GPS satellites and two dedicated receivers leads to a least-squares problem.  Some of the unknowns of this problem are integers and some are reals. Up till today not all aspects of this problem are known. Today most GPS applications are of real-time nature.  This involves estimation over time and is done by means of linear filters.  We are investigating numerical and speed aspects as well as the stability of these filters.

(Kai Borre and Gilbert Strang, M.I.T.)

Helmert Geometry

The simplest version of the problem is described by two r by s matrices X and Y.  Their columns contain the r-dimensional coordinates of s points that have been observed in two different coordinate systems with random observational errors.  The problem is to estimate in some least-squares sense a transformation matrix H (rotations and scale changes) and an r-dimensional vector t (translation between the two origins); the translational matrix is teT where the s-dimensional vector e has mere ones as components: Y =HX – teT. We generalize by introducing weights p, and q.  All coordinates in X are observed with weight p and the Y coordinates with weight q. There is another type of generalization:  LW want to transform between more than two point sets X and Y. The networks also can be perceived as repeatedly measured versions of one and the same network and the problem changes into one of interpolation between different coordinate sets for the same point set. The problem admits a geometrical theory which in the opinion of the authors is interesting and even beautiful, and, what is perhaps more important, it suggests a method for computing the parameters.

(Kai Borre and Torben Krarup, Horsens)

M-files for Postprocessing of GPS Observations

Several years ago we started to systematically write MATLAB code for solving the basic problems of postprocessing GPS observations.  This lead to a library of several hundreds M-files. The code intends to give the mathematically not well-founded student a chance to understand the basic computational features.  The project has become an enormous success---the library's web address is world renown. All the users' reactions stimulate us to continue these efforts.

(Kai Borre and Clyde C.Goad, Topcon-GeoComp)

Software receiver design

In order to investigate current methodologies in GPS receiver design and to analyse the drawbacks and potential for improvement, a software environment set-up is initiated simulating the operation and performance of a single channel GPS receiver. The environment encompasses modelling and simulation of error sources, and it becomes possible in a structured and efficient way to test novel digital signal processing techniques for improvement of positioning accuracy and data reliability.

(Lars G. Johansen and Kai Borre)

Galileo signal structure

As the new European satellite navigation system Galileo evolves, the modulation frequencies and signal structures approach the stage of final definition. The project aims at following the definitions and make comparisons to the well-known GPS equivalents and to report on and analyse the new potential applications put into motion by the novel and more complicated signal structure. Also, the project will serve to incorporate the Galileo specifications in the software receiver mentioned elsewhere.

(Lars G. Johansen)

Øvrige aktiviteter

I 2000 tog Centret initiativ til at etablere et netværk for fremtidige brugere af det europæiske satellitnavigationssystem Galileo. Netværket er specielt rettet mod små og mellemstore virksomheder.  Firmaet TERMA har generøst i stort omfang stillet en medarbejder til rådighed for opgaven, ligesom universitetets netværkscenter bidrager. Det er vores håb, at de involverede danske ministerier vil bruge vores ekspertise i en kommende koordineret indsats over for dansk erhvervsliv på området.

(Kai Borre og Lars G. Johansen samt Jens Guldberg, TERMA)

Konferencer

EUROSPEECH 2001 - Scandinavia

The seventh biennial Eurospeech Conference on Speech Communications and Technology (EUROSPEECH 2001 - Scandinavia) was held in Aalborg from September 3 through September 7, 2001. The conference was held under the auspices of the International Speech Communication Association (ISCA). Professor Louis Pols, University of Amsterdam, The Netherlands, Professor Susan Brennan, Department of Psychology, State University of New York, USA and Director of Corporate Research, Professor Yrjö Nuevo, Nokia Mobile Phones, Finland gave the keynote speeches. Professor Louis Pols was awarded the ISCA Medal for scientific achievements at the conferences. About 1.100 participants who came from more than 40 countries across the world attended the conference. The conference comprised of 7 special sessions all planned and coordinated by a number of specially invited experts. The remaining of the conference had 45 oral sessions and 30 poster sessions. All in all more than 700 papers were presented at the conference [Dalsgaard, Lindberg, Benner,  (eds.), 2001; Dalsgaard et al, (eds.), 2001]. The local organising committee consisted of Paul Dalsgaard, Børge Lindberg and Henrik Benner. The next Eurospeech Conference will be held in Geneva in 2003.

WPMC'01

The Fourth International Symposium on Wireless Personal Multimedia Communications (WPMC'01) was held in Aalborg on September 9-12, 2001. Her Royal Highness, Princess Alexandra who was the patroness of WPMC’01, opened the WPMC'01. There were over 450 participants from 30 countries. Outside the core technical activities, there were 11 tutorials on hot topics and several interesting panels, where key topics were discussed. Several new trends were brought forward. One trend is the fusion of the packet switched network of the future with IP wireless networks. Relatively new areas like platforms in the lower atmosphere for high data rate transmissions were discussed and the wireless contributions to intelligent transport services. In the physical layer the impact of smart antennas, and more recently the MIMO systems, has started a wave of enthusiasm to explore this new way of giving higher rates through a given bandwidth. Although we only now are seeing the first implementation of 3G networks, research discussions on even higher data rates and alternative access systems have started. So there was enough material for lengthy discussions and informal contacts. WPMC'02 will be held in Hawaii on 27-30 October 2002.

Laboratorie – og målefaciliteter

Antennas & Propagation Laboratory facilities 

In the laboratory there is equipment for measurement up to 26.5 GHz i.e. signal generators, spectrum and networks analyser etc.

Anechoic Chamber

There is access to a large radio anechoic chamber (7m x 7m x 10m) 5m between the antennas, frequency range 0.5 to 20 GHz. The system is certified for VSAT (11 - 12 GHz) near field measurements. A number of different antennas are available, for mobiles, base stations and other more general-purpose antennas like parabola, horns and broadband antennas. The room can be used to measure the spherical radiation pattern of mobile phones, without cables, due to the use of a mobile tester. And it is possible to have phantom or live persons there as well.

Shielded Rooms

One shielded laboratory (8x5 m) and one small cabin (2.5x2.5 m) can be used for low noise or high disturbing measurements.

Metalwork Shop

Minor places for construction of equipment, containing a drilling machine and hand tools for metal and wood is available in the laboratory. Together with the main metalwork shop, this gives good possibilities for large constructions and high precision things, like antennas and pedestals. In house facilities for double sided printed circuit boards.

Van

A 9 person's mini bus prepared for installation of measurement equipment i.e. 230V supply, navigation system and a flexible fitting system.

Roof Platform

An outdoor platform, above the surrounding buildings, for antennas pointing at rural and suburban area.

Antennas & Propagation Measurement systems: 

Correlation Sounder

The Correlation Sounder is capable of measuring the radio channels complex impulse response, with a bandwidth of up to 120 MHz. It is basically a four-channel receiver, but 9 extra parallel channels can be fitted, in order to measure more channels simultaneous. On top of this each channel is fitted with an antenna switch, giving a total of 32 channels. (E.g. antenna comparisons, or polarisation characteristic, MIMO). Available frequency bands are 146 MHz, 400 MHz, 900 MHz, 1800MHz and 2100 MHz. The different bands can be mixed simultaneous. The sounder can bee combined with a PC-controlled pedestal capable of pointing antennas in a half sphere, with a resolution of 0.25! The pedestal is portable and able to operate antennas of some 2 m in diameter. The correlation can be done either in hardware (Sliding Mode), giving the largest bandwidth, or in software (Direct Sampling Mode), giving the best dynamic range. Sliding Operating Mode: the implemented acquisition software is capable of storing and on-line displaying up to 32 complex data channels. Measurement bandwidths up to 100MHz and channel sampling rates of up to 300Hz are supported in non-switched mode. GPS and tachometer data can be stored simultaneously with the measurements. A data processing toolbox has been developed in Matlab for off-line data processing. Direct Sampling Mode: The Acquisition Software is capable of measuring up to 2 simultaneous and 8 switched channels, with 120MHz bandwidth, and channel sampling rates up to 10kHz in non-switched mode. Tachometer data storing is also supported. The off-line data processing is developed in Matlab. In order to measure antenna systems for small mobile phones, a test handset with optical connections have been developed. It can handle 2 channels with 4 antennas. The system can measure up to 6 different transmitters simultaneously.

Signal Strength Receiver

Measuring receiver capable of measuring and recording the signal strength in the frequency range 800 MHz to 2 GHz.

The CPK Correlation Sounder equipment is capable of measurements on up to 8 simultaneous and up to 32 switched channels, with a bandwidth up to 120MHz. There are two basic operating modes: digital 'Sliding Mode' and a 'Direct Sampling Mode'.

RISC Laboratory Facilities

Accurate on-wafer S-parameter measurements are made using a manual Cascade probe station, an HP8510 vector network analyser system and calibration substrates (45 MHz - 26.5 GHz). Noise parameter measurements are made using an HP8970 noise figure meter and programmable Maury Microwave impedance tuners (0.8 - 18 GHz). Modulated signals for test of circuit blocks are generated using a Rohde & Schwarz AMIQ programmable baseband I-Q generator, and/or a Rohde & Schwarz SMIQ RF generator (300 kHz - 6.4 GHz) with built-in modulation facilities for common communication standards. A Rohde & Schwarz vector signal analyser and spectrum analyser (20 Hz - 26.5 GHz) is used to determine the signal quality (EVM, ACLR etc.). In addition to this the complete measurement system also includes a Rohde & Schwarz CW signal generator (10 MHz - 20GHz) and a Rohde & Schwarz power meter (50 MHz - 26.5 GHz). Rohde & Schwarz, Siemens Mobile Phones, JCL Invest, Bethel Tronix (USA), and The Faculty of Technology and Science financed this complete measurement system worth close to DKK 1.5 mills.

Software Design Tools

The RISC group has access to a wide range of design and simulation tools. These tools enable RISC group members to design and simulate transceiver structures on all abstraction levels ranging from bit-level coding to specific high frequency RF issues. Specifically the software available is: MATLAB, HP-ADS, HP-Momentum, Cadence, Microwave Office.

WING Laboratory Simulator

The WINGlab has projects related to Wireless Networks, multiple access techniques and personal area networks. One project is the development of an IP network simulator, called WIPSim. This simulator has a framework, where it is quite easy write protocols on the transport, network, data link layer and MAC sub layer. Currently the simulator has implementations for UDP, DiffServ, ISMA, CSMA, and Blue tooth. The simulator is used in the research and study of congestion control mechanisms, mobility schemes, routing protocols and routing discovery, medium access protocols, etc. WIPSim is an ongoing project, where both researchers and master students are involved in the use and extension of the simulator. A more detailed description of the simulator can be found section 4.2.1.1. Other projects, which are ongoing in the WINGlab, are for instance a Multi carrier Modulation receiver and transmitter test bed.

IP lab of WING group 

The WING Laboratory started activities in June 1999, and is planned in four phases to establish four sub-laboratories. On 21 March 2001, the first sub-laboratory, the IP Laboratory, was officially inaugurated. The activities in this lab include topics related to wireless networks in the areas of Mobility, Quality of Service (QoS), Security, Data Transmission, Voice over Wireless IP, Radio Resource Allocation and Personal Area Networks. 

Siemens-CPK Research Laboratory

On November 12, 2001, the Siemens-CPK Research Laboratory was officially inaugurated. The CPK-Siemens research laboratory (SCRL) was founded in September 2001 as a result of the joint CPK-Siemens cooperation. The SCRL laboratory includes a test bed installation for an ongoing joint project, where novel protocols such as SCTP and SIP were tested. The SCRL has been used as an educational environment, where a number of Master study programs and projects have been carried out, in the area of mobility management architectures in UMTS and security frameworks for the 3GPP wireless networks.

Embedded Systems Lab of WING Group

On November 5, 2001, the Embedded Systems Laboratory was officially inaugurated. The laboratory, which is jointly funded by Nokia Mobile Phones, Agilent Technologies, IBM, and Aalborg University, has complete design, test and measurement facilities for embedded hardware and software systems. 
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