Online Modeling of Wireless Channels with
Hidden Markov Models and Channel
Impulse Responses for Cognitive Radios

Thomas W. Rondeau, Christian J. Rieser,
Timothy M. Gallagher, Charles W. Bostian

FﬂVlrgmlaTech cwr

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

Center for Wireless Telecommunications (CWT)
Virginia Tech

Blacksburg, VA, 24061

Thomas W. Rondeau
June 2, 2004 Center For Wireless Telecommunications C-vv-r 1



Outline

o Motivation
o Pros & Cons

o Qverview of the Wireless Channel Genetic
Algorithm (WCGA)

o Qverview of the broadband channel
sounder

o Creating a channel model from impulse
response using WCGA
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Motivation

» Extend off-line channel modeling to on-line

Create a channel model directly from channel
sounder information

o I[mprove HMM training techniques

Genetic Algorithms instead of Baum-Welch
Algorithm

» Create compact and efficient channel model

For real-time use by a cognitive radio
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Pros & Cons

Problems:

Burst error statistics may not
provide enough information for a
cognitive radio
« Specific to frequency and bandwidth
of a single channel

— Benefits:
The HMM is small and fast

Flexible creation for other statistics

* power-delay profile, “goodput” burst
statistics, waveform, other error
statistics
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WCGA: Overview

It has been shown that Markov
Models and Hidden Markov Models
can represent wireless channels

HMM must be trained to
Ak produced the desired output

Use a genetic algorithm
to train the HMM
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WCGA: Overview

The genetic algorithm:

o Takes an observed channel sequence
of good and bad symbols

o (Generates a population of random
HMMSs represented as chromosomes

o Performs genetic operations on the
population for a set number of
generations

o Choose the best HMM
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A,

HMM: N =3

M =2
0 = Error Symbol
1 = Good Symbol
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WCGA: Overview
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WCGA: Overview
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Broadband Sounder Overview

o Sampling Swept Time
Delay Short Pulse
(SSTDSP) technique
to capture channel
Impulse response
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Broadband Sounder Overview
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o Sounder captures a impulse through the
channel at IF (left)

o Response is down converted to baseband and
transmitted pulse is de-convolved to produce
channel impulse response (right).
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Broadband Sounder Overview
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X(t) > h() > y(1)
 The impulse response can be modeled as a non-
ideal filter
o Pass data through the filter and generate a
simulated error stream

o Simulated error stream becomes input of WCGA
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Channel Modeling

o A Line-of-Sight (LOS) impulse (left) is
captured using the channel sounder

° The simulated BER statistics are plotted
against an ideal AWGN channel (right)
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Channel Modeling

The resulting HMM represents the channel and
can generate error sequences that are statistically
almost identical to the original sequence
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Channel Modeling

o The resulting HMM is useful for online
simulations of the channel in a cognitive
radio

o The HMM Is small in memory
S = b[(NN)+(NM)+N]
S = 32[(8)(8)+(8)(2)+8] = 2816 bhits = 352 bytes
o Can generate millions of bits quickly for
simulation
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Conclusions

o Introduced a method to model channels online
using a broadband channel sounder

» The resulting channel model may be used by a
cognitive radio to determine the best adaptation
process for the channel

o Remaining work : find better uses for the
channel model and better models using the
established technique

o Implement algorithms on DSP for improved
speed and accuracy
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Thank you! Questions?

&RQWDFW ,QIRUPDWLRQ

/KRPDV : 5RQGHDX WURQGHDX#YW HGX
&KDUOHV : %RVWLDQ ERVWLDQ#YW HGX
7LPRWK\ 0 *DOODJKHU WJIDOODJK#YW HGX
&KULVWLDQ - 5LHVHU FMULHVHU#YW HGX

KWWS 272727 FZW YW HG
‘Cwr

7KLV ZRUN ZDV VXSSRUWHG E\ WKH
1DWLRQDO 6FLHQFH JRXQGDWLRQ XQGHU
DZDUG®983463 and DGE-9987586.
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