
SIGNAL PROCESSING 

the application of wavelet transforms. First, the discrete 
wavelet transform (DWT) has been used in a simula
tion of a spread spectrum communication system with 
a 63-bit pseudonoise (PN) code modulation of a 1 H z 
baseband binary data stream. 3 This is an alternative to 
fast Fourier transform (FFT) analysis; the D W T gener
ates a uniform partitioning of a signal's frequency spec
trum. However, the D W T produces smaller sidelobes, 
especially in the presence of non-stat ionary noise 
sources; fewer bins are required to obtain a given bit-
error-rate. Alternatively, using the same number of bins 
the D W T produces an improved signal-to-noise ratio 
compared with the FFT. In this case, the signal was 
transmitted over an additive white Gaussian noise 
channel with a signal-to-noise ratio of 8 dB and a white 
noise pulsed jammer with 15% duty cycle. The received 
signal was recovered wi th a 4-tap FIR filter using 
D a u b e c h e s ' coef f ic ients . T h e b i t - e r ro r - ra te was 
improved by nearly an order of magnitude over con
ventional F F T receivers. 

Another application of the wavelet t ransform is 
nondestructive testing of materials using ultrasound. 4 

Commercial instruments detect flaws using pulse-echo 
reflection techniques. Background noise and weak sig
nals hinder accurate measurement of the flaw size and 
location; echo signals are often enhanced using split 
spectrum processing (SSP), a time-frequency decompo
sition based on the Gabor transform and nonlinear sig
nal processing. By choosing a mother wavelet which is 
similar to the expected echo shape, it is possible to 
obtain more accurate in format ion with the added 
advantage of using a linear space-bandwidth preserving 
wavelet transform. The ultrasound echoes from small 
(12-50 mm) flaws in a block of aluminum were ana
lyzed using the Mexican Hat wavelet. A 5 MHz unfo
cused longitudinal acoustic transducer with 90 m m 2 

active area was used to probe the material. Wavelet pro
cessing improved the signal-to-noise ratio from -15 dB 
to about +2 dB. It was shown experimentally that for 
flaws less than 10% of the acoustic beam diameter, echo 
detection is possible using only the wavelet transform. 

Finally, in a biomedical engineering application, the 
D W T was applied to nonstationary spectra from EEG 
records of anesthetized dogs. 5 During surgery, when a 
patient is under anesthesia, the EEG is used to monitor 
brain activity and estimate the patient's ability to per
ceive a s t imulus (known as depth o f anesthesia). 
Convent iona l FFT analysis assumes that the EEG 
remains stationary over time; since this can lead to erro
neous results, various nonlinear time-frequency tech
niques have been attempted. The wavelet transform pre
serves the time-bandwidth product of the signal and 
does not generate nonlinear cross-terms. The E E G spec
tra have a constant Q factor, making them good candi
dates for wavelet analysis. In this case, dogs were anes
thetized with methohexital (2 mg/kg) and placed on a 
closed circuit anesthesia system whereby variable doses 
of halothane were administered (0.2% increase every 30 
minutes). The dogs were periodically tested for depth of 

anesthesia by monitoring the E E G . Using the Morlet 
wavelet, changes in the EEG spectrum were detected 
when a tranquilized subject was gently stimulated. For 
example, stimuli caused a shift to higher frequency 
Alpha waves (7.5-12.5 Hz) and a shift from Betal (12.5-
17.5 Hz) to Beta2 waves (17.5-25 Hz). This work could 
lead to improved monitoring of patients during surgery, 
and use of safer, lighter doses of anesthetic to provide a 
desired level of unconsciousness. 
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Optical Information 
Processing Using Free Space 
Interconnects And Smart 
Pixel Arrays 
Leo J. Irakliotis, Rick D. Snyder, Stewart A. Feld, 
Fred R. Beyette, Jr., Pericles A. Mitkas, and Carl W. 
Wilmsen, Colorado State University, Fort Collins, 
Colo. 

T he emergence of page-oriented optical memories as 
viable optical storage technologies requires the 

development of an efficient optoelectronic interface 
between the memory and the electronic computer. This 
interface must exhibit some intelligence without substi
tuting for the electronic processor itself. For example, 
the interface could filter data on-the-fly from the opti
cal memory to the electronic computer, thus alleviating 
any potential bottlenecks that may arise from the differ
ent data rates used by the two technologies. 1 Optical 
memories that can be read in paral lel , i.e., a two-
dimensional set of data, may be retrieved in one step, 
result in a data rate that may overwhelm an electronic 
computer. Therefore, the interface must operate with 
the parallelism of optical memories while optimizing its 
data output rate to a level acceptable by electronic com
puters. To balance the transfer rate, the optoelectronic 
interface should be capable of performing data reduc
tion and data transformation operations according to 
user-defined criteria. 

We have designed a new optoelectronic parallel 
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architecture for processing page-ori
ented data from an optical memory. 
This processing unit searches through 
a large volume of data, one page at a 
time, to retrieve data that match a ref
erence pattern. This "data filter" has 
two distinct characteristics: its func
tionality is limited to simple opera
tions (mask and compare), and the 
same operation is executed on every 
row of the page. Thus, this architecture 
naturally takes advantage of the inher
ent parallelism of light. 

The masking operation requires an 
array of AND gates. The comparison is 
accomplished with an array of XOR 
gates. We have demonstrated both of 
these logic gates2,3 using combinations 
of heterojunction phototransistors 
(HPTs) and vertical-cavity surface-
emitting lasers (VCSELs). The HPTs 
serve as both photodetectors and 
amplifying switching devices, while the VCSELs serve 
as the optical output devices. Input data are imaged on 
the two-dimensional arrays of logic gates which then 
drive the VCSELs to optically transmit the output to 
the next stage. 

In addition to the design and implementation of the 
optoelectronic data filter, we have proposed a number 
of additional information processing architectures that 
can be implemented using free-space optical intercon
nects. These architectures can be developed using simi
lar optomechanical slotted plates and currently we are 
working on demonstrating a recirculating sorting unit 
using this approach.4 

Interested readers are invited to browse our Center's 

WWW pages at the following address: 
http://www.lance.colostate.edu/optical/. 
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Figure 1. Slotted plate-based optomechanical implementation of the optical data filter. 
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AND (green background) and an XOR (red background) logic gate arrays 

imaged through a pair of beam splitters. These two-dimensional arrays are used in the optical data filter. 

See article, page 41. 


