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EE Specializations

« Digital Signal Processing

e Communications

UCIrvinE
The Henry Samueli School of Engineering

What is DSP & Comm?

Higher level, more abstract view of signals and systems
- Signal: acoustic, electromagnetic, vibrational, financial, etc.
- System: anything with an input and output

Focus on mathematical and statistical models, theory, algorithms

Common tasks: remove noise, extract one signal from a mixture of
many, find patterns in data, compress/quantize data, detect the

presence of a signal, locate a target, predict a future output, etc.

Applications: wireless networks, satellite systems, speech or image
recognition, radar/sonar, GPS, image and video coding and
compression, biosignals (EEG, MRI), remote sensing

* The brains behind what the hardware and software does ...

UCIrvinE
The Henry Samueli School of Engineering
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Common System Block Diagram
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Example: Wireless Communications

antenna

UCIrvinE

encoder

analog
filter

microphone

filter

equalizer

| fiters |

decoder [

H speaker

The Henry Samueli School of Engineering

(c) 2015 Ender Ayanoglu, EECS

5/27/2015



EECS 1, "DSP, Communications" 512712015

It would be easy if it was like this ...
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but it’s really like this ...
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More Realistic Block Diagram

Apple iPhone

Acceleromeler o . orRs | eoce | 80211 |ame|m|h

Proximity 3 Communications
peels Microcontroller et

|GP5REOelvev|

PlugsiSlats

i iR
rc | UART use ‘ MMC

LCD Display }7 LCD Driver Camera Cantroller 4{ Camera CCD ‘

Xscala Processor
PXAZ7OIPXAS00

ARM Core
[ tntertace

[[] processer
Memory Controller | Media Pracessar
Y D Subsystem

DOuchﬂem
UCIrvinE

The Henry Samueli School of Engineering

Under the Hood

Main substrate (display side) Main substrate (battery side)
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DSP/Comm Venn Diagram

DSP Comm
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Samples of My Research

Diversity coding

56K modems

Wavelength division multiplexing
Wireless packet transmission

MIMO beamforming

Energy efficiency for wireless cellular
Modulation techniques for 5G cellular

UCIrvinE
The Henry Samueli School of Engineering

(c) 2015 Ender Ayanoglu, EECS

5/27/2015



EECS 1, "DSP, Communications"

56K Modems:
Voiceband Modem Network Arc

Customer premises

hitecture

Centrgl Office
Voice switch

Customer premises

Local loop “A”

‘ ) UNIVERSITY of CALIFORNIA - IRVINE

Inter-office
trunk

Local loop “B”

<+— Extent of voiceband modem transmission path —

13 ‘iﬁ’

Voiceband Modems

ITU-T Bit Rate
Year | Standard Modulation b/s
1964 V.21 Binary FSK 300

V.22bis | QPSK 1200
1968 V.26 QPSK 2.4K
1984 V.32 | 16QAM 9.6K
1994 V.34 1024QAM 22.8K

1996 V.34fast Nested 4x960  33.6
1998 V.90 Downstream: Digital 56K

V.92  Downstream: Digital 56K
Upstream: Digital 56K

‘ ) UNIVERSITY of CALIFORNIA - IRVINE 14

Signal Processing

Adaptive eq, Echo cancellation (V.26ter)
TCM, Echo cancellation

Precoding, Multidimensional TCM

Shell mapping, warping

Upstream: V.34fast 33.6K

(c) 2015 Ender Ayanoglu, EECS
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Transmission Rates of
Voiceband Modems
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57 ABSTRACT

A modem that operates reliably at a symbol rate that
corresponds to twice its bandwidth even when it is
coupled to a receiving A/D converter that operates
under control of a clock is realized by synchronizing the
modem’s operation to the A/D’s clock. The superior
operation of this modem advantageously extends to
A/D clock frequencies beyond the frequency of twice
the modem’s bandwidth. To minimize quantization
noise, the modem’s output is conditioned to minimize
intersymbeol interference by adjusting the modem’s out-
put to the A/D converter’s sampling times and slicing
levels. When the A/D's clock is higher than twice the
bandwidth of the modem’s output signal, some inter-
symbol interference cannot be avoided. In accordance
‘with this invention, the position and value of this inter-
ference is computed at the receiver and subtracted from
the received signal.

16 Claims, 4 Drawing Sheets
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State of Voiceband Modem

V.92 achieves the limit in voiceband modems!
. «’

( ’ UNIVERSITY of CALIFORNIA - IRVINE

Fixed Broadband Wireless:
4G Technology in 2000

broadband _

£V
( ’ UNIVERSITY of CALIFORNIA - IRVINE 18 "t’
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75 ns Exponential Channel

Frequency Selective Multipath Channel, RMS Delay Spread

UNIVERSITY of CALIFORNIA » IRVINE 19

O

75 e Exponential 75 e Exponential
. S
N, T
I - Msbisanl?
3 § ___________ SRR,
B0 sssansansasinsansannteshonsansansasdnsnnsbassssbosrtPossonsipsnsspsenerd BN DERNRTERN . ... ... .
& 1 I N ot
= 3 d o
@ :z 10‘1 ".‘
............. “
___________ . -
1
o % E % W o )
SHR (i8)
lpackets: 2160 ), P
0

A Particular Research Area: Multi-Sensor Signal Processing
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Multiple Antennas for Communications

UCIrvinE
The Henry Samueli School of Engineering

Benefits of MSSP for Communications

UCIrvinE
The Henry Samueli School of Engineering
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MIMO Coverage Benefits

With MIMO
(On Client Device Only)

No MIMO

UCIrvinE
The Henry Samueli School of En

Failures in networks are common
Existing restoration techniques incur delay
Can we design a hitless scheme using erasure codes?

‘ )UNWERSH'YnfCALII-‘oRNlA-IRWNE 24
=)

D
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Major Network Failures in 198

* May 8, 1988
— Fire in unmanned central office in Hinsdale, Illinois

- Loss of service and isolation to 35K residential telephones, 37K
trunks, 13.5K special circuits, 118 long-distance fiber optic circuits,
and 50% of the cellular telephones in Chicago

- 500K residential and business customers who made 3.5M telephone
calls per day were impacted.

— Full service was not restored until June 5, 1988

+ November 1988

— Construction crew accidentally severed a major fiber optic cable in
New Jersey

- Much of the long distance service along the East Coast was
disrupted

- 3.5M call attempts were blocked

25

( ) UNIVERSITY of CALIFORNIA - IRVINE

Most Carriers Employ SONET Rings
for Protection or Restoration

+ Guarantees <50 ms restoration time

+ Requires >100% extra capacity

« UPSR: Unidirectional Path-Switched Ring
+ BLSR: Bidirectional Line-Switched Ring

 Sprint’s OC-192 backbone has more than 400 SONET rings
(AT&T, together with 22-state legacy SBC and BellSouth, 6700)

( ) UNIVERSITY of CALIFORNIA - IRVINE

D

26
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UPSR: Unidirectional Path-Switched Ring
BLSR: Bidirectional Line-Switched Ring

2F BLSR
Az MNormal Anu
Operation

4F BLSR
wm  Span  sw
Switch

4F BLSR

Normal s
Operation
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Failure _ _1

Detector i

* Linksdy, d,, ..., dy carry actual data
+ Parity link c, carries parity data
« When link i fails, its data can be reconstructed by c, and

dy, dy, ..., diy, diyy, ..., dyWithout feedback, in a hitless manner

+ Observation due to Falconer and Gitlin in unpublished Bell Labs
Memorandum (1975)

+ Suggested for Bell System microwave radio links (Data Under Voice)

D

‘ ) UNIVERSITY of CALIFORNIA - IRVINE 28
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Diversity Coding Structures

Parity Channel
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COST 239 Network, 11 nodes, 26 spans

US Long Distance Network, 28 nodes, 45 spans

Protection Scheme | Spare Capacity Percentage Protection Scheme | Spare Capacity Percentage
Diversity Coding 98% Diversity Coding 106%
Source Rerouting 90% Source Rerouting 91%
p-cycles 64% p-cycles 107%

( ) UNIVERSITY of CALIFORNIA - IRVINE
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DSP/Comm Course Hierarch

Core
EECS 50 EECS 55 EECS 150
Discrete-Time Probability Continuous-Time

EECS 152A EECS 141A

DsP Analog Communications

EECS 152B EECS 141B

DSP Lab Digital Communications

EECS 160B EECS 20 EECS 144

Digital Control Assembly, C, Systems Antennas for Wireless

EECS 101 EECS 22 EECS 148
Machine Vision Advanced C Networks

EECS 112 EECS 170E

Computer Architecture RF IC Design

. EECS 188
UCIrvinE Optical Communications

The Henry Samueli School of Engineering

DSP/Comm Course Hierarch

EECS 50 EECS 55 @ EECS 150
Discrete-Time Probability Continuous-Time

EECS 152A EECS 141A

fAnaloa Commenicatons

required

EECS 152B EECS 141B

DSP Lab Digital Communications

EECS 160B cs 20 EECS 144
Digital Control bly, C, Systems Antennas for Wireless
EECS 101 EECS 22 EECS 148
Machine Vision Advanced C Networks
EECS 112 EECS 170E
Computer Architecture DS P Specialization RF IC Design

EECS 188
UCIrvinE Optical Communications

The Henry Samueli Schoel-of Engineering
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/Comm Course Hierarch

EECS 50 EECS 55 @ EECS 150
Discrete-Time Probability Continuous-Time

EECS 152A EECS 141A

DsP Analog Communications
required

EECS 152B EECS 141B

DSP Lab Digital Communications

EECS 160B EECS 20 EECS 144

Digital Control Assembly, C, Systems Antennas for Wireless

EECS 101 EECS 22 EECS 148
Machine Vision Advanced C Networks

EECS 112 EECS 170E

Computer Architecture . . . RF IC Design
Comm Specialization
EECS 188

UCIrvinE Optical Communications
The Henry Samueli School of Engineering

Digital Signal Processing

Digital Signal Processing EECS 101 Machine Vision

DSP Lab EECS 112 Computer Architecture

Computer Systems & C EECS 141A Comm Systems |

EECS 22 Adv. C Programming EECS 141B Comm Systems Il
EECS 160B Digital Control

Specialized Electives 3 courses

Hamid Jafarkhani
Machine Learning, Graphical Models __+Jll Communication and Coding Theory

Lee Swindlehurst 5 y Syed Jafar

Wireless, Radar, Sensor Networks | Information Theory, Wireless Communications

Glenn Healey Ender Ayanoglu

Machine Vision, Image Processing Wireless Communications and Networks

7

UCIrvinE
The Henry Samueli School of Engineering
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Communications

Comm Systems | EECS 144

Comm Systems Il EECS 148
EECS 20 Computer Systems & C EECS 152A
EECS 22 Adv. C Programming EECS 152B
EECS 170E

Specialized Electives 4 courses EECS 188

Wireless Antennas
Computer Networks
Digital Signal Processing
DSP Lab

Analog/Comm IC Design
Optical Electronics

Machine Learning, Graphical Models L .4l Communication and Coding Theory

Eﬁ- i Anima Anandkumar - Hamid Jafarkhani

o g

R

Lee Swindlehurst ~ \ Syed Jafar
_’3 Wireless, Radar, Sensor Networks Information Theory, Wireless Communications
A 4

! % Athina Markopoulou Ender Ayanoglu
e Network Coding and Measurements i Wireless Communications and Networks
5

A 7

Ahmed Eltawil

VLSI Architectures for Wireless

UCIrvinE |

The Henry Samueli School of Engineering

(c) 2015 Ender Ayanoglu, EECS

5/27/2015

18



