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transfers the electronic polarization of the 
rubidium valence electrons to the noble gas 
nuclei. Extremely large nuclear polarizations 
can be obtained on time scales ranging from 
minutes to a few hours, at which time the 
polarized gas can be transferred from the polar
izing apparatus to the patient. 

The first such images were made using a few 
cubic centimeters of laser-polarized 1 2 9Xe in a 
collaboration between the Princeton University 
group and the State University of New York at 
Stony Brook.1 Further collaboration between 
Princeton and Duke University researchers 
extended the technique to make use of 3He.2 

Increases in the quantities of polarized 3He 
produced then made imaging of a live animal 
possible,3 and eventually resulted in the first 
successful imaging of the lungs of a human 
subject. 

The laser source used for optical pumping is 
of central importance to this technology since 
the number of polarized noble gas nuclei that 
can be produced is directly proportional to the 
available laser power. High-power cw diode laser arrays 
have proven to be critical in producing progressively 
larger quantities of polarized gas at a reasonable cost. A 
20W AlGaAs array with a collimating AR-coated fiber, 
lasing at 795 nm, has been used extensively in small 
animal imaging, and a 100 W unit was used to polarize 
the 1.5 L of 3He necessary to image a human lung. 
With further improvements in this important laser 
technology, the capacity to produce tens of liters of 

highly polarized gas for eventual clinical use should 
become feasible. 
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Figure X. First MR image of human lungs using laser-polarized 3He. The patient 
inhaled approximately 1.5 L of polarized 3He from which 15 images could be 
constructed in less than a minute. The resolution of this image is 
0.25 X 0.25 X 2 cm3. 
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R ecently there has been a great deal of interest in the 
application of wavelet transforms to practical signal 

processing problems. Because of their high bandwidth 
and inherently parallel nature, optical systems represent 
an efficient way to realize the wavelet transform. In this 
paper, we describe the use of acousto-optic image cor
relators to implement the wavelet transform, including 
architectures for perfect reconstruction filters. We also 
discuss potential applications of wavelets in communi
cation systems, nondestructive testing, and biomedical 
analysis of electroencephalography (EEG) signals. 

The wavelet transform can be implemented as a cor
relation between an input signal and a family of daugh

ter wavelets. Although this implementation has been 
realized previously using acousto-optic correlators, a 
two-dimensional spatial light modulator is required to 
represent the entire family of daughter wavelets. This 
limitation can be overcome with an acousto-optic 
image correlator, which implements the cross-correla
tion between a pair of two-dimensional images using 
only a single acousto-optic device.1 We have proposed 
that a family of daughter wavelets can be realized using 
frequency multiplexing of the acoustic signal; the 
resulting two-dimensional wavelet transform is detect
ed by a CCD array. Because of this simplification, it is 
easier to obtain the wavelet transform of several signals 
in parallel. Additionally, if the signals are discrete we 
can modify this architecture to create a perfect recon
struction quadrature mirror filter (QMF).2 In this case, 
the detector output feeds back to the acousto-optic cell, 
sampled at half the original clock frequency; the 
acousto-optic device acts as an optically tapped delay 
line in a finite impulse response (FIR) filter. 

We will describe three experiments that demonstrate 
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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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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 

40 Optics & Photonics News/December 1995 


