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1. BIOGRAPHY

Il{oe Z.Win (S,SS-M,g7-5M,97-F'04) received both the Ph.D. in Electrical Engineering and M.S. in Applied

Mathematics as a presidential Feliow at the university of Southern California (uSC) in 1998. He received

an M.S. in Electrical Engineering from usC 1n 1989, and a B.s. (magna cum laude) in Electrical Engineering

from Texas A&M UniversitY in 1987.

Dr. win is an Associate professor at the Massachusetts Institute of Technology (MIT). Prior to joining

MIT, he was at AT&T Research Laboratories for five years and at the Jet Propulsion Laboratory for seven

years. His research encompasses developing fundamental theories, designing algorithms, and conducting

experimentation for a broad range of real-world. problems. His current research topics include location-

aware networks, intrinsically secure wireless networks, aggregate interference in heterogeneous networks,

ultra-wide bandwidth systems, multiple antenna systems, time-varying channels, optical transmission sys-

tems, and space comrnunications systems.
professor Win is an IEEE Distinguished Lecturer and elected Fel1ow of the IEEE, cited for "contribu-

tions to wideband wireless transmission." He was honored with the IEEE Eric E. Sumner Award (2006), an

IEEE Technical Field Award for "pioneering contributions to ultra-wide band communications science and

technology.,, Together with students and colleagues, his papers have received several awards including the

IEEE Communications sociefy's Guglieimo Marconi Best Paper Award (2008) and the IEEE Antennas and

Propagation society's sergei A. Schelkunoff Transactions Prize Paper Award (2003)' His other recognitions

include the Laurea Honoris Causa from the University of Ferrara, Italy (2008), the Technical Recognition

Award of the IEEE ComSoc Radio Communications Committee (2008), wireless Educator of the Year Award

(2007),the Fulbright Foundation Senior Scholar Lecturing and Research Fellowship (2004), the U'S' Presi-

dential Early Career Award for scientists and Engineers (2004), the AIAA Young Aerospace Engineer of the

Year (2004), and the Office of Naval Research Young Investigator Award (2003)'

professor Win has been actively invoived in organizing and chairing a number of international confer-

ences. He served as the Technical program Chair for the IEEE wireless Communications and Networking

Conference 1n2009, the IEEE Conference on ultra Wideband |n2006, the IEEE Communication Theory

symposia of ICC-2004 and Globecom-20o0, and the IEEE Conference on ultra wideband systems and

Technologies n 2002; Technical Program vice-Chair for the IEEE International Confelence on Commu-

nications n2002; and the Tutorial Chair for ICC-2009 and the IEEE Semiannual International Vehicular

Technology Conference in Fall 2001. He was the chair (2004-2006) and secretary (2002-2004) for the Radio

Comrnunications Comrnittee of the IEEE Communications Society. Dr. Win is currentiy an Editor for IEEE

TRANSACTTONS ON wmersss CoMMUNICATIONS. He served as Area Editor Íot Modulation and signal

Design (2003-2006),Ed.itor fot Wideband Wireless and Diuersity (2003-2006), and Editor Íor Equalization and

Diaersity (1998-2003), ali for the IEEE TRANSACTIONS ON COMMUNICATIONS. He was Guest-Editor for

the PROCEEDINGS oF rHE IEEE (Special Issue on UWB Technology & Emerging Applications) in 2009 and

IEEE J6SRNAL oN SELECTED Annas rN CoMMUNicATIoNS (Special Issue on Ultra-Wideband Radio in

Multiaccess Wireless Communications) in 2002'
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Moe Win
(United States Citizen)
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Laboratory for Information & Decision Systems (LIDS)

Massachusetts Institute of Technology

Details canbe found at http: / /wgroup ' lids 'mit ' edu/

Business
Massachusetts Institute of Technology

77 Massachusetts Avenue, Room 32-D658

Cambridge, MA 02139

TeL (617)253-9341

e-mail: moewin@mit . edu

Residence

36 Nipmuc Road

Framingham' MA 01702

Tel: (617) 459-6610

URL: httP : / /wgtoug' lids'mit' edu

2.1, EDUCATION

r Doctor of Philosophy in Electrical Engineering ' 
Presidential Fellow' May 1998

- 
u"iituy of southiri California' Los Angeles' CA

Topic: Wt."#, ù;îirpi" i..*r C;mmunlcations using Ultra-Wide Bandwidth

ft"tp'-ti'" nadlo in Dense Multipath Channels

Advisor: Prófessor Robert A" Scholtz

oMasterofscienceinAppliedMathematics'PtesidentialFellow'May1998
iiiorrrity of Southern California' Los Angeles' CA

Topic: PolYPhase Sequences 
-Advisor: Profàssor Solomon W' Golomb

o Master of Science in Electrical Engineering' May 1989

I)niaersity of Southern California' Los Angeles' CA 
'

Topic: C"il;;;óOar*t Comm,nications using Frequency Stabilized Soiid State Lasers

Advisor: Professor Robert A' Scholtz

o Bacheror of science in Electrical Engineering, Magna cum Laude,May 1987

Texas A€tM Uniì'ìs-itl,lollege Statión' TX

Topic:PPMSequenceswithDesirableCorrelation(HonorsUndergraduateThesis)
Aàvisor, Professor Costas N' Georghiades

2.2 RESEARCH SUMMARY

Twentvyearsofexperienceinleadingresearchinstituiionsworkingonabroadrangeofcommunications
oroblems including.rftr"-*ia" Uanaríidth commurrications systems' ranging and localization systems' in-

irinsically secure f"rg"-ri"i"ìir"1"ss ,-ret*o.tt "ggi"g"te 
intlrference in"hJerogeneous networks' design

and analysis of multiple antenna systems, meas"t"?iÀ"it and mode'ng of time-vàrying channels' and opti-

cal communications systems. Widóly publisheJ in iàuahg io"*als' w]th worldwide contacts in commum-

cation theory and wireless systems'
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HONORS AND AWARDS

r The Royal Academy of Engineering Distinguished Visiting Fellowship for "sharing first-hand in-
sight into world-class cutting-edge knowledge, recognising excellence, and inspiring the next gener-
alion," United Kingdom, 2009.

r IEEE Globecom'09 Best Paper Award, IEEE Global Communications Conference, 2009.

r L3 Communications Prize for the "first practical demonstration of cooperative UWB-IR location-
aware networks," Soldier Design Competiiion, MIT Institute for Soldier Nanotechnologies, 2009.

r Technical Recognition Award of the IEEE ComSoc Radio Communications Committee for "excep-
tional technical contributions to radio communications," 2008.

o Guglielmo Marconi Best Paper Award of the IEEE Communications Society Îor "an original paper
in the field of Wireless Communications published in the iEEE TRANSACTIoNS oN WIRELESS CoM-
MUNICATIONS,'' 2008.

r Laurea Honoris Causa, Dottore "Ad Honorem" in Ingegneria e Tecnologie per le Telecomunicazioni
e l'Elettronica. Awarded by the Università degli Studi di Ferrara, with the approval of the Ministro
deil'Università e della Ricerca, Italy,2008.

o IEEE Distinguished Lecturer, selected by the IEEE Communications Society, 2008-2009.

r IEEE ICC '08 Best Paper Award, IEEE International Conference on Comrnunications, 2008.

o IEEE VTC '08 Best Paper Award, IEEE 67th Vehicular Technology Conference, 2008.

r Wireless Educator of the Year Award for "pivotal role in educating and preparing tomorrow's wire-
less technology leaders" and "ability to inspire students to high levels of accomplishment." Selected
by the governing Board of Directors of the Global Wireless Education Consortium (GWEC),2007.

r IEEE WCNC '07 Best Paper Award, IEEE Wireless Communications and Networking Conference,
2007.

r IEEE Eric E. Sumner Award, the IEEE Technical Field Award for "pioneering contributions to ultra-
wide band comrnunications science and technology," 2006.

r IEEE ICUWB '06 Best Paper Award, IEEE International Conference on Ultra-Wideband,2006.

o IEEE ICUWB '06 Best Student Paper Award, IEEE lnternational Conference on Ultra-Wideband,2006.

r ACM IWCMC'06 Best Paper Award, International Wireless Communications and Mobile Computing
Conference, 2006.

o Lifetime Achievement Award from the People of Bangladesh for "fundamental contributions to com-
munication theory," 200 6.

r IEEE ICNEWS'06 Best Paper Award, IEEE 1st International Conference on Next-Ceneration Wireless
Systems (co-sponsored by IEEE Communications Society), 2006.

o Global Wireless Education Consortium Certificate of Recognition for "[ " . . ] outstanding contribu-
tions and accomplishments in wireless education," 2006.

o IEEE Distinguished Lecturer, selected by the IEEE Communications Society, 2006-2007.

r Elected Fellow of the IEEE for "contributions to wideband wireless transmission." Following a rig-
orous evaluation procedure, the IEEE Board of Directors annualiy elects "recipients for one of the
Institute's most prestigious honors [ ".. ] IEEE Fellow," the highest grade of membership,2004.
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r Outstanding International Collaboration Award for "innovative analytical and experimental work
that has 1ed to the creation of ultra -wideband industry." Awarded by the Industrial Technology Re-

search Institute (ITRI), founded by the Ministry of Economic Affairs (MOEA) of Republic of China,

Taipei, Taiwan 2004.

o Institute of Advanced Study Natural Sciences and Technology Fellowship, to devote time and cre-

ative energy to theoretical and appiied research, to explore fundamental issues of Wideband Wireless

Transmission Systems in a cross-disciplinary context, and to deliver tnstitute Lectures at the Univer-
sity of Bologna, Italy, 2004.

r Fulbright Foundation Senior Scholar Fellowship Award, to pursue research and lecturing at the

Centre for Wireless Communications (CWC) in Oulu, Finland,2004.

o AIAA Young Aerospace Engineer of the Year,2004.

r Presidential Early Career Award for Scientists and Engineers (PECASE) from the United States

\A/hite House for "pioneering work on novel Ultra-Wide Band radio communication systems inciud-
ing fundamental propagation studies, channel modeling, and signal acquisition protocols; providing
thé foundation for utilizing this new form of radio communication in the design of secure, fade re-

sistant, high data rate wireless networks." The PECASE Award is the highest honor bestowed by the

U.S. Goveinment on outstanding Scientists and Engineers as they embarked upon their independent
careers,2004.

r MIT School of Engineering Educational Innovation Award for AY 2OO3-04-

o Office of Naval Research Young Investigator Award for "academic achievements, ability to con-

tribute to the strength of the Nation's research and development, and exceptional promise for out-
standing research and teaching careers." Recipients of this award are considered to be the best and

brightest young academic researchers across nationwide, 2003'

o Sergei A. Schelkunoff Transactions Prize Paper Award of the IEEE Anteruras and Propagation Soci-

ety lor "the best Transactions paper judged on the basis of technical contributions, style and presen-

tation," 2003.

o Charles Stark Draper Assistant Professor, Massachusetts Instifute of Technology,2002-2004-

r International Telecommunications Innovation Award for "fundamental contributions to corunu-
nication theory, pioneering analytical and experimental advances, and outstanding leadership that

created the uliralwide bandwidth industry"" Presented annually, when merited, by the Korea Elec-

tronics Technology Institute (KETD under the Ministry of Commerce, Industry, and Energy (MOCIE)

to international sciolars who have revoiutionized communications technology with entirely new and

innovative ideas that have significant impact on global industry,2002.

o Distinguished Alumni Award (First Recipient), Mountain view Coilege,2002"

r Honorable Mention as the rumer-up, Stephen O. Rice Prize Paper Award of the IEEE Communi-
cations Society for "the best paper in the field of Comrnunications Theory published in the TFEE

TRANSACTIONS ON COIvTVUNTCATIONS,,, 2OO1'

o Presidential Fellow, "the highest honor the university bestows upon its graduate students." Presi-

dential Fellows Program provides formal training in leadership to its most promising future leaders

in the professional and graduate schools, University of Southern Caiifornia, 1996-1997.

r NetWorld+Interop '97 Besl Student Paper Award of the IEEE Comrnunications Society, Fourth An-

nual NetWorld+Interop Engineer Conference, 1997.

r Phi Kappa Phi Student Recognition Award at the Sixteenth Annual Academic Flonors Convocation

for "ouistanding scientific and scholarly works," University of Southern Cahfornia,l997 .
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o Best Postet I'resentation Award for "outstanding poster presentation," at lhe Communication Sci-

ences Institute Annual Technical Review, university of southern Cal\fornia, 1997 '

o IEEE ISSSTA '96 Beslstudent Paper Award, IEEE Fourth International Symposium on spread spec-

trum Techniques and Applications,Maínz, Germany' 1996'

o outstanding Research Paper Award (First Award) for "best research paper written by a student"'

University of Southern Caiifornia, 1996'

o Best Poster Presentation Award (First Award) for "outstanding poster presenta.tion i' .^':l: Commu-

nication Sciences fnstitute Anouaì Technical Review, University of Southern Caiifornia' 1996'

r NASA Monetary Award for "creative development,-technical innovation, and contribution to the

National space Program, and to the mission of the ]et Propulsion Laboratory," 1'993'

o NASA Monetary Award for "creative development,_technical innovation, and contribution to the

National Space Program, and to the mission of the Jet Propuision Laboratory," 1991"

o university undergraduate Fellow for "superior acad.emic and research contributions in the commu-

,,ity of ,rrrd".g.udirute and faculty scholars," Texas A&M Universify, 1986-1987 '

r Academic Excellence Award, 1985-1986, Texas A&M University'

o Distinguished student Award for "outstanding academic achievement," Texas A&M University' spring

1986.

r undergraduate summer Research Award, Texas A&M University, summer 1986'

o Herman F. Heep scholarship for "superior scholastic performance, outstanding leadership qualities'

an4 participatión in studeniactivitiei and organizations," Texas A&M University, 1985'

r Dean,s List {or "highest rank of scholastic success," Mountain view College, Fall 1983, and spring

1984.

r Honorable Mention for "excellent achievement in Mathematics," Mountain View College' 1984"

r All Star Student of the year for "exceptional achievement in Science, Math and Technology," Mountain

View Coilege, 1984.
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3 EXPERIENCE

tre:aiÌeddescriptionofspecificfesearch,pfojectscanbefoundathttp:/lwww.moewin.com
úura .opi"t *ilt u" provided by request"

3.1 WORK EXPERIENCE

o Laboratory for Information & Decision Systems (LIDS)

t lurru.ttt"etts Institute of Technology

èf.urf", Stark Draper Assistant Professor

Associate Professor

r AT&T Labs - Research' Witeless Systems Research Department

Promoted to Principal Technical Staff Member

Senior Technical Staff Member

r Iet Propulsion Laboratory' California Institute of Technology

V"-U". of Technical Staff
pi*,uf Signal Processing Research Group

Guldun.Juttd Control Section

Communications Systems Research Section

r University of Southern California

Research Assistant
Integrated Media SYstems-Center

Conimunication Sciences Institute

o Texas A&M UniversitY
Student Researcher

Telecommuni.utio.,u.'d.ControlsystemsLaboratory

r Texas Engineering Experiment Station

Laboratory Technician
VLSI CAD f"f'"tiffi'C Microelectronics Research Center

g.2 CONSULTING EXPERIENCE

o DoCoMo Communications Laboratories USA' Inc'

Consultant

r Mitsubishi Electric Research Laboratories

Consultant

r Radiolabs, ConsoÉium at University of Rome "Tor Vergata"

TechnologY Consultant

r Graham & James LtP
Consultant

e Pulson Communications & Time Domain Systems' Inc"

Consultant

Cambridge, MA
Sept.2002- Aug' 2004

SePt.2004 -Prcsent

Middletown, NJ

Apr.2000 -Mat' 2002

Ian. 1995 -Mar' 2000

Pasadena, CA

Iulv 1996 - Dec' 1996

Ian. 1991 - June 1995

Mav L987 - lan' 1991

Los Angeles, CA

lePt.'1996 - Dec' 19^97-

June 1994 - Aug' 199o

College Station, TX

lune 1986-MaY 1987

College Station, TX

Mar.1985 -MaY 1986

Palo Alto, CA

SePt. 2006 - Present

Cambridge,MA
!an. 2005 - Mat" 2005

Rome' ItalY

Mar. 2000 - Present

Los Angeles, CA

Oct. 1996 - Feb" 1997

Huntsville, AL

Iune 1994 - SePt" 1995
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3.3 TEACHING EXPERIENCE

. Massachusetts Institute of Technology

Deparrments.f Ei;;,.liÉngi',eerm["e Computer Science, and Aeronautics & Astronautics'

SePt. 2002 - Present

- EECS 6'976lA|16'399tSpace Communications and Networks

Fall 2002

- AA L6.900: Computational Tools for Engineering

IAP 2OO3

- EECS 6'9761^A\6'ggg/ IE2.gg6tESD.gg0: Statistics with Engineering Applications

Fall 2003, N"* .o',," d'evelopment and preparation for the SoE

- MATH 18'996/AA 16'399: Random matrix theory and its applications

SPring 2004

- MATH L8.338J/AA 16'394J:Random matrix theory and its applications

Fall 2004

-EECS6.041.:ProbabilisticSystemsAnalysisandAppliedProbability(2RecitationSections)
SPring 2005

- EECS 6'4g4ItA|L6'397!:statistics for Engineers and Scientists

Fall 2005, New course development and preparation for the SoE

- EECS 6'434ItA1 16'391J:statistics for Engineers and Scientists

SPring 2006

- EECS 6'986: Principles of Wide Bandwidth Communication

Fall2006,X"*toó'"developmentandpreparation

- AA 16'395: Principles of Wide Bandwidth Communication

Fall2007

- AA 16'36: Communication Systems Engineering

SPring 2008

- AA L6.001/002: Unified Engineering (Signals & Systems)

Fall2008

- AA 16.003/004: Unified Engineering (Signals & Systems)

SPring 2009

- EECS 6'434IlAA'16'391f: Statistics for Engineers and Scientists

Fall 2009

- AA 16'62x: ExPerimental Proiects

SPring 2010

r Mountain View College' Mathematics Laboratory

Teaching Assistant, May 1984 - Aug' 1984

- Assisted students with Differential and Integral Calculus' Elementary Probability and statistics'

AnaÌytic Geometry, Trigonometry' Algebra' etc'

r University of Texas (Arlington)'summer Institute of Linguistics

Teaching Assistant, Sept' 1983 - Dec' 1983

- Assisted students with Burmese language'
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3.4 RESEARCH HIGHLIGHTS
r Ultra-Wide Bandwidth (UWB) Communications: Performed pioneering work on U\AIB radio and

provided a foundation for the design of UWB wireless networks. UWB has the desirable characteristic
of high resistance to fading. The Federal Communications Commission (FCC) approved unlicensed
UWB operation and commercial deployment of UWB technology under Part 15 rules in February
2002 lor a vast array of new applications including broadband ir-Lternet access, medical imaging, and
ground penetrating radar. Specific contributions include:

- Propagation Measurement and Statistical Modeling: Conducted the first UWB signal prop-
agation experiments, devised a statistical propagation channel model, and demonstrated the
robustness of a UWB signal in a multipath environment.

- Receiver Design, Analysis, and Simulations: Proposed theoretical analysis and experimental
techniques, all of which enabled the efficient design and accurate performance prediction of
UWB transmission. Proposed reduced-complexity Rake receivers based on partial combining
(PRake) and selective combining (SRake), and evaluated their link performance in arealisticUWB
channel.

- Tiansmitted-Reference (TR) Signaling for UWB Communications: Developed an analytical
framework, based on a sampling expansion approach, to evaluate the performance of TR and
differential TR signaling for UWB systems with autocorrelation receivers. The analysis includes
the effect of narrowband interference and is valid for a broad class of fading channels. Obtained a
rule of thumb for the asymptotic SNR penalty which is useful for comparing a simple TR system
to an ideal Rake receiver.

- Unified Spectral Analysis: Derived general expressions for the power spectral density (PSD)

of a variety of time-hopping spread-spectrLrm signaling schemes in the presence of timing jitter
using st ochastic theory.

o Cooperative Localization for UWB Networks: UWB technology is well-suited for localization due
to its potential for highly accurate ranging and robust communication. These attributes allow UWB
nodes to cooperatively propagate and refine position information throughout the network. Cooper-
ative localization can achieve network-wide location-awareness, particularly in GPS-denied environ-
ments. Contributions include:

- Fundamental Performance Bounds: Proposed the notion of equivalent Fisher information (EFI)
to characterize thelocalization accuracy. This decomposes the contributions from line-of-sight
(LOS), non line-of-sight (NLOS), and apriori knowledge to position error bounds, resulting in
new insights in node placement strategies. Extended the concept of EFI to cooperative locahza-
tion and quantified the benefit of agents' cooperation. Proposed a distributed iterative algorithm
that unifies anchors and agents for calculating position error bounds.

- Scalable and Distributed Iterative Algorithms: Developed a scalable, cooperative distributed
localization algorithm for large UWB networks, based on factor graphs and belief propagation.
Each node iteratively refines its location estimate using belief messages propagated from neigh-
boring nodes, allowing efficient, distributed computation. Evaluated outage probability in a

variety of settings. Performed wideband channel measurements using UWB as the underlying
model for the localization algorithm.

- Channel Classification and Non-line-of-sightMitigation Using Machine Learning: Performed
an extensive measurement campaign on the MIT campus using commercially available FCC-
compliant UWB radios to collect nulnerous channei realizations in indoor office environments.
Developed classification and regression algorithms, based on machine learning techniques, which
are capable of 1) assessing whether a signal was transmitted in line-of-sight or non-line-of-sight
(NLOS) conditions, and 2) reducing ranging error caused by NLOS conditions. Evaluated the
performance of these algorithms using experimental data.

e Optimal Search Strategies: Established a framework and determined the fundamental limits of
search strategies by bringing together ideas from the disciplines of engineering and mathematics,
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involvingcommunication,signalprocessing,convexity,andoptimizationtheories.specificcontribu-
tions include:

_ 4-optimal Search: Developed-methodologies for the design of deterministic search algorithms

thai approach the fundamental limits'

- Randomized search: Proposed and analyzed randomized search strategies that are robust to

variations in channel conditions'

Thisworkisapplicabletoabroadclassofsearchscenariosincludingminima]-timesearchalgorithms
that exploit multipath for acquisitior', of *ia" bandwidth wireless iignals' In particular' it provides

the fundamental basis for the design u.ta u,-,uiytlt of UWB fast syncÉronization systems' which are

essential for the ,"piJa"pr.y^entind operatión of future communication and sensor networks"

o Intrinsically secure Large scale wireless Networks: Introd'uced an information-theoretic definition

of the intrinsi."ly ,".iì? comlrì.unications graph (is-graph), based on the notion of strong secrecy'

The proposed frJmework considers rp",i"iiy ri"al.;.",1 :",T^înd 
eavesdroppers, subject to generic

wireless propugu,io" characteristics' Specific contributions include:

- Local Characterization of the is-graph: Provided a complete probabilistic characterization of

node degrees, maximum ,"..".ytui",] and isolation probaùilitiei of a typical node in the Poisson

iS-graphl using fundamental tools of stochastic geometry'

- Techniques for communication with Enhanced secrecy: Proposed sectorized transmission and

eavesdropper neutralization u, t"uo i".t'oiques for enhancing ih" tttttty of communication' and

quantifiedtheireffectivenessintermsofttreresultingaveragenodedegrees.

-TheCaseofColludingEavesdroppers:Quantified.exactlyhoweavesdroppercollusionde-
grades the secrecy properties of the'lÉgitimJ" ,rodes, in comiarison to a non-colluding scenario'

- Percolation in the iS-graph: Proved the existence of a phase transition in the Poisson is-graph

defined on the infinite plane, *f,"tàUf an unbounded component of connected nodes arises as

the density of legitimate .oau, i..i"à;'-.itút thows that long-range communication is still

possible even in Jwireless network when a seculity constraint is present'

r Interference Analysis in Heterogeneous Networks: Developed' a mathematical model for coexis-

tence analysi, ilì *ir"l"r, networù .";;;-"; U"ift,ii.-*Uand (NB) and UWB nodes' The model

accounts for the spatial distribution of iiterferers' and the propagation characteristics of the wireiess

environment. Speìific contributions include :

_ProbabilisticlnvarianceofAggregatelnterference.withApplicationtoFCCRuleMaking:
Proved that cumulative interferenc? from radiators located' Àf points of a Poisson random set

obeysstablelawsandpossesses.usu,p,isi,gjnvariancewithrespecttoessentiallyanyradlng
distribution. Hence, these resultl ut""'uUi for a large class of iading environments and are

helpful in characterizing the effect of unlicensed transmitters in the context of rule making by

theFCCintheUSandequivalentregulatoryagenciesinEuropeandAsia-Pacific.

- spectral outage: Characterized the ;pectrum of the aggregate interferenc" ul:ly location in the

poisson plane, and put forth tnu ^"*'.o..ept 
of spectià' olutage probability (SOP)' The SOP can

be used to quantify and limit tf-r" mf".t of i"t*ort interferen"ce àn a given frequencyband' and

serves as u" itttightfrrt network design criterion'

-ErrorandCapacityPerformance:Derivedtheperformanceexpressio"'!T.lTÎ'clferrorprob-
abitity and channel capacityJ for a NB/UWB link subject to cumulative uwB/NB interference'

fading, and additive *hit" 
-Gurrrri* 

""i* 
(AWGN)' The approach.generalizes the conventional

analysis .ilr^""; detection * tn" f.",""ce of AWGN a"d iast fadirg' allowing the traditional

results to bu 
"*t"r-rd"d 

to include ttre effect of aggregate interference'

osubsetDiversityTechniques:Subsetdiversitytechniquesarereduced-complexitydiversitymethods
where onty a sóset of tÉ availabf" ai"".riryU.ur,.hÀ are. utilized. These lechniques are applicable

to the many àiiiu."r-,tforms in*hi;'J;;;rftyarises. The contributions have focused on spatial

diversity through multiple antennas * *i"ytt "ía 
multipath diversity due to wideband transmission'

SPecific contributions include :
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_Multiple-lnputMultiple-output(MIMo)Syste,ms:Developedananalyticalfra.meworkforthe

eef orrnal;e;j#jY3:fi i"#i,",'"",liH?ff *kiiljJ;ii*"mroi;;Tftilf"'ff :

antennas rs c

*m:l,nn;'"t.',::il"'-,".::mbining $:yy,l".lpiversitv 
svstems:Drcveloped an an-

alytical n"-"*"rt'io ,trray tnn p.rtlr-*u"t? "f 
H SlUnCitl ^itftipath-fad'ing 

environment'

r,' n-s/rtnC' the best -L out of lo a*"if p'-ultl"' "'" ;i;;;;;id combinòd using MRC'

##i:**:::'Tf;::1T;'i;ffiil"1'=i";"y.svstems:Derivedsimpleexprici'ibounds
fo. ussessinf ih" 

"r.o. 
rate of nro.ià'ot*"ri,y ,yr*"ir.,d;;;ft; are tight and valid for ail

v ar u e s 
",,, É* i*i -^"ì ; ;;,i *, i. *' i ;jiffi : #; ".:ru, 

; i' * rxill q:Îffi!,,|'F
numerical iit"g'utt' Contrary-tot 

i"n not to be constant, itlt'""i'*aependent of the signal-to-

:"lL."".",l:[l''-l]T?i?#.T.;$ij"i:;;;''i'ouuu't''vtserI
-Reduced-ComplexityRakeReceivers:Quantifiedtheeffectsofspreadingbandwidthonspread

spectrum ,"iei* 
"'a..,r. 

.ulUiìift'à"ì'o"-"nts in,terms of performance' compiexity' and

channel p;i;;;ì;r;. Developed ;",;'i;ìì;;t'framework tr'"ip,oi'a"' fundamental insights on

how *td"uanà reduced-compt".#ii"l"ì"t"J"1"iip";;;"tl*;;age 
of multipath' and a

theoretical basis for decidin, n.*tlffia;; ,tt"tra r'" i,'tlta"a ín the receiver architecture'

_ subset Diversity with practical Channel Estimation: Developed an anaiyticai framework for

",,ut.,uti''g 
i''"'p'"'r*''"".":i f#,:i3'J;J"Hit"ilT#J:íg:*:Uj#'f$':fffJ1il

error' ShJwed that such a system

ury.ptoti. plrìo.n1ur'." lois due i" .rì,*"t'"" errorhas ;';";;;g iack of àe'pendence on the

number of Jombined branches ., in" i"t"i"""t.er of available diversity branches'

_ sNR penalty Characterization for subset Diversity,systems: Derived ti*eiî, explicit bounds

uoa upp.J*ì',*uiion, ro, urr"rr*jin-"*J.:.1.,uì" or 'íu'Liii"tttIj-'yt'"tnt 
*11.t'tg#*ffi

ner estrmation rhese bounds ?;t';;;;f"'::'-il:'li:ii;lt$:"i::Î'ff;t architectures'

:i* y*nii:*i".y"r:.,"w::i".:::i r"'H:"Jrx:i,*,',il*.'óu,ained remirkabrv simpie

"*p'""ioiJ' 
n *""tur irnpo'tu'lítl'"i rot the exact SNR penalty'

o Cooperative and Distributed ]e.chniquel: 
cooPeratlll't""':':ff;:l'llf';"ffI"trffi:-ilf,

'[1+]r$#Ti+ll*:r"*"::il::":"Ti:l::;Ti:l;;;#il'i'"andmassivelvpararlel

;:"i*:ur.p;6i*'"'a""*,' 
3'n.'Jfi"*.'.'iil-iii:i:íil5"JÉ"',:fft"

der an ugi."gut" p"*t-t constraint' .-"::^i"I#,lii"r*"t"t. JJtod"-utta-forward relaying ts

", 
*tí13i1Í'i'il;ìL"-]:Îf';'I,',;'"3''Hl,m:;;"'." ìr" 'ptimar 

strategv that emprovs

o,r,ug"-'oiì;ul ill:,'*t^::,i:'r"""rred rhat.oop.rutio''"orii* Jitàttity benefit!'even when the

ail Pótential relaYs' I he resutts

.oop",u,,* ,"tuy, .r'oo," ^* ..i."".*'i, 
t,.,t .uit.,", choose to cooperativeiy listen.

-CooperationinBandwidth-ConstrainedWirelessSensorNetworks:Evaluatedtwodifferent
fusion architectures in terms #'r""* *fiabiiity utJut'"tug" energy collymotion where the

degree of cooperation "^."^., 
ìì.,:t'";"t ^tal' 

;'ries' Propo-sed a consensus flooding protocol

for cooperation. Obtained Jr;;;; tnà t'ud"-off;;"tJ;;"iiabilitv and enersv efficiencv

with re'gard to spatially "".yul;';;r;r 
observation;';il;;k t;;;tiiuity' and realistic link

models'

irffi :il*H?H',i:H1,fJ,""""*ii"}.1:"'-*,t*il:lilli'ì'ff""*"J'i'1.1iii:'i'J:'S
.t-'un.ls i,.' the presence "f 

id;;;,g'"b;l ihannel,stat" ;ì"""".ì"J(CSI). Propo^sed an ef ticient aI-

go.ith;for."luypo*"r"n".]í"ît';'gl"to.a-ot."lli"ii*'ì*íi"'g'n"tendedtheresuìts
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to the case of non-ideal grobal csr, and designed r'bust relay power arl0cation protocols using

theworst-case approach' r,^" r.+ahliqhed a qeneral framework for decentralized

_ Detection in l".,o.ing ':*.i.ri,:""i1';,','J#iif,}î.l,Tri:if"rTil'"1l 
j"J:il:1 FJii:

binarv hvpothesis testing :" 1l'':;;;rìi""' st"ated the t':o'^'jl,l""Ii.T"ii'.nr, is simpìe'
;,r."p') uu,"J on observed ''1" ';:J;î;f"a 3" ^'lTr,"j::lì]"Tl$if:'ll"f^).;o has a rarge

;;.1" and resource consumPtron ín"'nijr information, frui."a to be smalr.
aiririu',.a, and depends ollv o1 

ll,L pr"o.oitity is constra.i"o 
:"::,*111,,.,,-u,.,." or bounded

*'.J.:iiH:J:,1':,1'{,iff l;,if"ff '3T'f#:"$'Hfi:;*"g".i5*; ì'ngru..

height tree ;*rli"t*tt' f?l 'tntt1'" asvmptoticalty opt'ii i"ytu'''-ntu'::l:"fi,':ltl"Ttt';
that under some mild :on9i'ioll"t"'e same as the standaro paraliel configuratron'

*unt" of such an architectut"'::1;:i:;;t itt *r.'" Bayesian framework'

.*"J;l;[d:;..x;d;**li,*,*l"+'{,q.irfjf:Tl#i$x:}'li':j.'::'tffi
Developed a class or MCMC *"*n:i:.,;;Iì"*fr".'.y 

?19 'io'19".'::Yl::Î.:":t:o|u"ou,,o,' ror non-

HMM at arrrti.uily reduced :tlqi]:'r.hemes. Successturry applLd to iteraiive equa

methods in iterative (turbo) detectron

iin"ar Satellite channels'

':.lJ'#J,T,:32iìl'li;i:f,r",,*Il.$i{f 'f':,,ll'l:;#.,l*triil':fllffi $"'tt=#
valid for an arbitrary number "t '"1::;;;igi"'o tt''ut are use

,i*ufution Obtained fundamental n

oc'

o Distribution'rnvadantMonotonicitYrh",ffiT"Jl#'i'fl:H,Hl#J##:H#*:iil:?"É'i*r*fi 

=trti;:,5rH!:'rl:::Jílr".'.;xilrul*";,r"rrl 
jil*5il:.;ix*:lll

ihe strength ór in" p'opo':qJ::11;";uàiig 
'tuti'tl" 

u'"
;ìi i^ a^g d istribu tion'' ^q 

t n: ::::;;, Jn u i é'""."'"t''
ii" g*"fatversily system in difterent:"'.."-. 

:^"oloned an anaìytical framework for evaluating

r Diversitv with Practic"t gl"il''^t',1;lffiti"T; iil"Îff-Tt:jriù""r Î'"t-1Î'ff'l'u'iJ*ii!
it" p"'ró'*u'''" of practicaì'u'"" Jilf;il'à'u"'u'v 9::'irll?,T;'1'''Xlftf-?j'#lt][tl;;
*ur;6* :5 î[ iî\: 

.i'-T" 

#]'; iT i: ;:.1}i',} itril il: ri *l {ì,r' ; i,u i.. à. ii v g 
"" 

a

on the number of diversity' b1l-li'ìi=, 
-'if-'" ììtt"urut" *t'i

diversity order' in contras't t9 t:'::i:f; 
'ùgi"-utu"tf't 

system'

"rtimutó, 
the diversitv order is tti'"';;r";r*"-r, 

,r.*red a simpre n":r:ll:;ì11]:',;".Ki:ili

'3,:::T:::iiil*:""rni:i"i:'jHT'r:TH**,jJ1J:ú$"f$ftijl}1iK*;il,,'}ffi
signaling.ionsteìlations 

with divet'"r, 
,r" irLr,., f:. îtl :-;,. outage (sEo),sEp blia *.rg" p-o:^0,1.

:'#ffJ[:Î:'friii::il'*1'''.if]:i*í;ln::*::'-s' "?àìg""r "a'" 'v'ìil' 
*in'ai"""iry

ìtY' tr-r t shadowing environment

réception' 
roosed a slow adaptive ,nr-QAM sclrem; "1*il?:il:1"ff"t:Î1:

'il',il.ìti",i::T'i*4:+if",i:'i":ii**lf*fg*li**:*-**1"*lli
î*:"',*ll'i.'#il:L*ii:';:ti;"'5:Jli!:1T.",*,':1il:',î*5gp;;;";;i"''despi'ie
the performance 9f 

s'eM l:::ì:i:;. ;;"i;' a ró*e'
the fact that SAM is less comPtt
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llnequalitiesArisingfromLinearProgramming:Conjecturednewinequalitiesthatarenoteasily
obtainable by .h"'àì?#;";hJ; H;r?v,"ir,ìu,?"r"a,'and 

polva- rheseLequalities arise in a vari-

ery of commr^i.";;;;;;i."àr*g p-urt"*l;';;d;;;" p'o""é using ideas óf convexitv and linear

programmlng'

r Canonical Forms for Performance of MRC in Correlated Nakagami Fading:" Derived ciosed-form

expressions for three performance *"ur.,ìi''il ptouuu'ity 9:itt function of the combiner output

sNR;2) errof ra;1;; ffi;;ia.ii".,iiJej';ì;s" p'oúuu*itv'or'tained a canoni'cal structure for

these perform"":;;;;;;", u, u*.ignt"a "'- 
of tÀe èortespo"ài'tg expressions'for a non-diversity

(single-branch) ;;; ihi; result is f""a^"*"t"f: the canon-ical strrictuie d'epends only on the prop-

erties of ti.,u .nurio"iur.,iJl"rru' ""*b;;;,";;d 
not on the specific modulation technique'

oFtameSynchronization:Derivedmetricsthatallowfaircomparisonofvariousframesynchroniza-
tion tect'riques. proposed metrics *" b;;;;f* a desiSn of iast synchronization systems'

oQuantumErrorRecovery:Quantumerrorcorrectioneffortstodatehavegenerallyfocusedongeneric
noise models, and thus generic "r.r.;.;;;;y f..""a"."t .jilcontróutions 

have examined the

benefits or q'.u.,,i- ";;"?;;;;"ry 
tqiiii"rìàtià to a specific noise model' specific contributions

include:

-optimumQERasaSemidefiniteProgram:P""':1:.:,i,edthattlsilgentanglementfidelityas
the measure of performance, the-optinium QER operati;; be coniputed-a? the result of a

semidefinite progrur1l (SpP). en J#;;;; "i'tt"tt"il"" 
routine' ior which efficient algo-

rithms u." *à,' understood. I" thí;;;y, for any given noise model and encoding' the optimum

recovery can be comPuted'

-EigenAnalysisforQER:Demonstratedtheutilityof.eigen-analy:''*i"]:3':tingandderiv-
ing orn ;in"e;;::?;yt:p._1;ìii.n*:tff;"f"i'."JiH,;'r'i^:'$1ff:"-'i:,'::il;T
QÈR oPeration for high dimcnstc

comPutationallY burdensome)'

lFrequencyNoiseMeasurementandModelforanopticalPhased-LockedLoop(oPLL):Modeled
the rrequenc, i'"H;;''';;l*::i-J#**)*."?"Î;r1t'':tr;i-y".î'"Tî^'l:+:i:Tp'"':t"";

:î:l?'l)fffi1ilJ:".ffi:a*iiÉ"^il*1î"n'j'ff"-l:::m"#:,1;.T,oJ:1,*n*e 
frequencv

noise model. Designed and analyzed tr-," orr.r, fo. free-Àpuà .à'i't".à"tópaicaicommunications 
and

experimentally deàonstrated phase r..t-*lJ u.tn the CW and BPPM optical signal"


