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Wireless Connectivity: Reflection or 
extra dimension of our personality? 

Personal and Social life
Health
Security
Business
Bridging the Digital Gap
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Intelligent Wireless System

Awareness

Ambient State of MindEnergyLocation Efficiency

Intelligent 
Network

Intelligent 
Device

Licensed 
Spectrum

Shared Spectrum



4
CITRIS In Europe 
June 20, 2006

Smaller Transistor
Number of Transistors/inch doubles every 

18 months

More Efficient Spectrum Usage
Spectrum Efficiency of Comm systems 

Doubles every 30 months

More energy efficient bits
Energy/bit/s/m reduces exponentially

Smarter bits
Information/bit increasing

Processing and   
energy cost of 

Wireless IP 
Access is exp 

reducing

Every  electronic 
device will be a 
network node 

Pervasive Silicon Connectivity!
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Wireless Complementary to Wired
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Wireless Drive

1G 4G3.9G3G2.5G2G
Analog 
Cellular
•Voice
•AMPS,TACS

Digital 
Cellular
•Voice
•10kbps data
•GSM, CDMA 
One

Digital Cellular
•Voice
•100kbps data
•GPRS/EDGE 
CDMA 2000

Wide-Band 
Digital 
Cellular
•Voice
•300kbps 
data-14Mbps
•UMTS, 
WCDMA, 
HSDPA 
CDMA 1X 
EVDO

Wide-Band 
Digital 
Cellular
•Voice
•100 Mbps, 
10 msec
•Adaptive
•Super 3G 
HSOPA 
WiMAX MC-
CDMA

Wide-Band 
Digital Cellular
•Voice
•100 Mbps-
1Gbps
•Heterogeneous 
Network
•Flexible BW
•Multi-standard

4G

Data Rate

Mo
bil

ity

Bluetooth 802.11b 802.11a

GPRS WCDMA/3G 
HSDPA

Satellite Broadcast
DVB-H,…

WiMax

Reserved space 
for 4G Wibro, 802.16e

RFID ZigBee
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Wireless Network Lab’s Research 

DSRC

Cognitive Radio

Wireless Communication System Design: 
Mixed signal Processing 
Multiple Access Techniques 
QoS

Focus

Ultra Low Power Wireless Sensors 
Projects
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Energy Crisis

Macro Level

Nirvana

http://images.google.com/imgres?imgurl=http://www.newhumanist.com/windfarm.jpg&imgrefurl=http://www.newhumanist.com/WhatEnergyCrisis.html&h=219&w=148&sz=13&tbnid=lpDB44qgEoHMUM:&tbnh=102&tbnw=68&hl=en&start=6&prev=/images%3Fq%3Doil%2Benergy%2Bcrisis%2B%26svnum%3D10%26hl%3Den%26lr%3D%26sa%3DN
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PC Equivalent Performance
1000 DMIPS CPU
10M polygon/sec 3D graphics
100M pixel/sec MPEG4 codec
10Mbps 3G/4G WWAN
100Mbps 802.11 WLAN
1Gbps UWB WPAN
>1GB DRAM
1GB FLASH
60 GB Hard Disk

Power drains:

1. DISPLAY

2. Media processor

3. Modem

4. Others

Ambient Aware system with Intelligent Power Management

Energy Crisis- Micro level
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Widening Gap: 
Unique opportunity 
for power 
management

Energy Efficiency:
Necessity not Luxury
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New Design Paradigm

Bits/s/Hz J/Bits/s/HzPower Efficiency

Design for 
worst case

Configurable 
DesignConfigurability

Centralized/ 
Dedicated Hybrid/ SharedTiming/Arch
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Channel Effect

IMEC IMEC 
CollaborationCollaboration
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Ultra Low Power Wireless Sensors

Ultra-low power mixed signal 
design

Less than 10pJ/conversion
Sub-threshold signal processor

20uw @ 100Khz
Intelligent communication design

Intelligent MAC, Standby power 
optimization

MEMS based wireless “ Feeling 
Sensor”

Polymer based biosensors
Jointly 
with 
IMEC
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Energy Analysis

Shutdown
80 nA

Idle
396 uA

RX
19.6 mA

TX
-25 dBm: 8.42 mA
-15 dBm: 9.71 mA
-10 dBm: 10.9 mA
-7 dBm: 12.17 mA
-5 dBm: 12.27 mA
-3 dBm: 14.63 mA

-1 dBm: 15.785 mA
0 dBm: 17.04 mA

VDD = 1.8V 970 us
691pJ

194 us
6.63 uJ

194 us
6.63 uJ

Transition Energy 
≅

T(transition) x I(target state) x VDD
Jointly with 
MIT/IMEC
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Where does the power go?
Breakdown between the states

When load is high, 
the node spends 
more time in RX 
than in TX mode!

Jointly with 
MIT/IMEC
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Network load

Energy/bit increase on highly 
loaded network:
• With small packet (40 bytes) : 3x
• With large packet (120 bytes): 1.5x 

Jointly with 
MIT/IMEC



17
CITRIS In Europe 
June 20, 2006

Coding Gain

PCCC turbo code
10dB coding gain
Rate 2/3

Coding
gain

Coding rate

Extend the range: YES
Improve energy: NO

Jointly with 
MIT/IMEC
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Comprehensive Energy model

][]|[][ 0 kk ktalttotal statePstateEnergyEnergyE ∑=

Energy efficiency metric:

New model for total energy was used to optimize 
back off strategy in an ad-hoc network.

TX, RX, Collision, sensing, Transitions, ramp up
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Proposed 
backoff

Standard 
backoff

Resetting back-off is more energy efficient than DCF 
backoff due to carrier sensing overhead.

Energy Efficient MAC
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Mixed Signal Processing: Performance 
Divergence - µP vs. ADC
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300x

µP MIPS/SpecInt – 2x/1.5years

ADC Speed x Resolution (2x/4.9 years)

Prof Murmann
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Digital + Analog Processing
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Distributed Wireless processing
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Sensor Networks 
collaborative Processing  

Jointly with 
Stanford
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Spectrum sharing- Cognitive Radio

VHF/
UHF
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Spectrum Sharing- MAC Layer
An intelligent MAC based on “Bandit Theory”

Transmitted Channel and 
Power Selection

Transmit

Next Layer

Previous Statistics

Receive

Packet Arrival

Update Statistics

Receiver Channel 
Selection

Received 
Packet
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DSRC- Vehicle Communications 
(AHS)
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Intelligent Radio for DSRC

2.4GHz Receiver

2.4GHz Transmitter

Local Oscillator 
#1 & #2 T/R

5GHz to 2.4GHz 
Downconverter

2.4GHz to 5GHz 
Upconverter

Local Oscillator 
#3 & #4 T/R

2.4GHz
Antenna

Switch

Switch

2.4GHz Transceiver 5GHz to 2.4GHz Converter

RFADC
DACModemChannel

Coding

OFDMViterbi
Equalizer

Interleaving
Mapping
Scramble

FPGA2

Sensing RF

Synth

AUX RF

To MAC
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4G Platform at UC Berkeley!
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UWB Radar versus Conventional Radar
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Conclusion

Ubiquitous smart connectivity is bringing about 
irreversible changes in our lives at Individual and social 

levels

Enabling technology for this revolution transcend single 
area of research ranging from semiconductor and MEMS 

to network design 

A Close collaboration between different disciplines in 
research centers, which is facilitated by CITRIS at UCB 

is indispensable



Thank You
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