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Wireless Sensor Networks
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Cooperative MIMO
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Cooperative MIMO

Analysis: C-MIMO

*Wisely exploiting MIMO technology J— T

to reduce the communication energy of } ? } | = 3
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Problems: Tx Cluster Rx Cluster

*Generally speaking, one Ant. for
one sensor node

sEstablish virtual Ant. Array in a
cluster of sensor nodes
eInner-cluster communication

e How to form a cluster optimally?

* How to tradeoff between long-haul
communication energy reduction and
Inner-cluster communication cost?
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Cooperative MIMO for WSN

C-MIMO WSN:
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*Sensor nodes cooperates to form virtual arrays
*Extra Communication Energy Consumption



Related Work

e SISO

 Cooperative MIMO
— Do not consider the data redundancy
— Consider the data redundancy

Cui and Goldsmith, 2004
o Point-to-point communication power model
o Categorize the power dissipation into circuit power and
trans. power
o  Optimize the power over modulation orders



Related Work

e SISO

 Cooperative MIMO
— Do not consider the data redundancy
— Consider the data redundancy

Cui and Goldsmith, 2004
o Establish C-MIMO power model for WSN
o Justifying C-MIMO application by showing its energy
efficiency
Jayaweera, 2005
o Shows that although C-MIMO introduces extra power, it
still reduces the overall power consumption for long-haul



Related Work

e SISO

 Cooperative MIMO
— Do not consider the data redundancy
— Consider the data redundancy

No apparent work done yet.



System Model

 Narrowband System

* Frequency-flat Rayleigh Fading Communication
Channels

» Perfectly Synchronized Transmission/Reception
 Energy Consumption of Baseband Signal

* Processing Blocks Can Be Omitted

 Uncoded System

* Optimally Chosen Constellation Size

« M;Transmit Antennas and M Receive Antennas
 Channel Matrix H is of Complex Fading Coefficients



C-MIMO Transmission Model
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Basic Comm. Power Model

eTransceiver Models
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C-MIMO Comm. Power Model

« M, transmitting Ant. and M, Receiving Ant.
 Fixed Modulation Order, transm|SS|on

power is
P=P,=ER x (é72 /(322 M, N,

e Overall power consumption is: _. %ﬂ**ﬁﬂ*

P. M, (Foac + P + Pri) + 2P, + M (P s + Prix + Piea * Priie + Panc)

« Power consumption per bitis: E,, =(1+a)P,, +P.)/R,

. We have: Ey=@0+a)E, x gtgdi M,N, +PT /L



C-MIMOQO v.s. SISO

Long-haul Transmission
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SISO v.s. C-MIMO
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Critical Point Shifts v.s. Data Redundancy

11 | I

— — — Critical distance
— MIMO

------- SISO

o

oo
|
|

o
—\.\I

|
?l
o
=
=

&
NN
\ -

|

|

I|

|

|II

|

|

I|

|

|

H

|
1

Total Energy in J
|
1III
II

o o
w le)]
I I
\ \
o
|I| 5 |I|
v Z\
X
I| l'_\' ?I
g IIII . \(?\o
-Ill Illl.'.\-
| | |
|III \III |
III| II':
|I II
| I
| \
! |
|II III
5 H
II II|
IIII |III
II II|
|II \I
|II
|
| | |

 }\
\H

03F S i

02 | | | | | |
0 5 10 15 20 25 30 35 40 45 50

Transmission Distance in Meters (d)




Critical Point Shifts v.s. Local Distance
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Someone Challenges Our Ideas

o Cluster-based Data Fusion is old
« C-MIMO is old
 |tis trivial to combine this two ideas together
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Header Selection and C-MIMO Is coupled
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Conclusion and Future Work

e C-MIMO outperforms SISO conditionally

o Data redundancy and local distance are two
critical parameters

« Selection of fusion cluster-header and
cooperative node are coupled questions.

* In the future, we will exploit an interesting
problem:

— Clustering C-MIMO Protocol for Wireless Sensor
Networks supporting Content-rich Applications
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