Chapter 4

The Mechanism of Signal Averager

Infroduction

NMR imaging is rapidly bec a_major diagnostic tool due to its many

advantages, such as nonharz bility of obtaining anatomical cross-
sectional images in any dire )
some minor disodvcn'rogew; A Wﬁme due to spin-attice relaxation

time and low slgnal-to-noise all/Averaging s a selective solution to overcoming the

ination capability. However, it has

backgrounds. Signal av o6 ical ny scientific and engineering

disciplines. Physicists and ¢ Use ayer 1ging to interaction of atomic particles by

Averaging has” ; €rful technique for recovering
repetitive signals obscurﬂ by ois | i uency spectrum of the noise
overlaps that of the slgncl To utilize this Technlque noiseless reference triggers that
synchronized to ﬁ d to generate repetitive
signcl-ccquisihoﬁwﬂ}l eﬂﬂ lﬂmqm ep is completed before
application of ’fhe xt trigger pulse. Sweeps repect til the preseleqigd number of sweeps
are redaeqﬂbc?rm &j W’lﬂ%ﬁﬁﬂa&l stored data by
pen‘ormnnq'rhe selected averaging clgo m. A block diagram of signal averager is illustrated

in Fig. 4-1. The operations of each elements are discussed in the following.
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When more than one gL 4@ re analog-fo-digital conversion, it is
necessary either to time-divisionn ‘ ’ ) inputs to a single ADC, or o provide an
ADC for each input and corr a: ( nve ' eutputs by digital multiplexing. Mulfiplexer

cwcun'rs may be used when the r rate is not high, and thus one ADC can

et e _.z

serve to convert sever‘ganalog signds fal ) gircuit of an analog multiplexer

may be regarded as d singie-poie MUiiPOsHiol
[
Sample-and-Hold Unit

the input of the next secn?ﬂ »
A scmpa: u(ﬂ Qwﬂ&l:%ﬁg“&l .'}ﬂ@mpm and a control input.

It has two steady- cfe operating modis sample in Wthh it acquires the |npu1’ signal as rapidly

ot AT TR e e

and-hold usually have unity gain and are noninverting. Sample-and-hold unit is particularly

useful where fast changing signals must be multiplexed in data acquisition systems or where

momentary signals must be captured and held.
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The sample-and-ho, D converter constant during the
conversion interval; mean ‘ inlexer s seeking the next channel fo be converted,
either randomly or sequenh Y. ﬂss&m u&' version is completed, the sample-and-hold

2 isrepeated.

P ‘f
In ADC, fhedigi’@odrﬁ umber ( of the quantized input to the full-

scale reference. If the reference is allowed fo change in response to a second analog input,
the digital ou m | fo the reference signal.
ADC is used tmﬂcj;ﬁﬂmn interest o representative digital
output. This digital information can beifurther recordﬂ in memory or cessed by arithmatic
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Triggers applied to the averager timing unit generate repetitive signal-acquisition
sweeps at the trigger rate, provided each sweep is completed before application of the next
frigger pulse. Sweeps repeat unfil the preselected number of sweeps are reached. During
each sweep, ADC of sequential signal (+noise) ;qmples occurs at preselected regular
intervals called dwell times. An internal confroller manages sucessively digitized samples by

register into sequential memory addresses. A number of samples in a complete sweep is
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limited by the length of memory, with a time duration equal to dwell time x memory length.
Newly acquired data updates prior stored data in accordance with the selected averaging
algorithm. Since the synchronization of trigger signal and signal of interest, acquired data in
each address is always from the same preassigned waveform segment. Consequently the
stored signal reinforces ifself with each sweep whereas random noise and unrelated

extraneous signals tend to self cancel. The signal-to-noise ratio tends to improve, as sweeps

Iy,

fwfhmeﬁc calculations. The circuit is

data and prior stored data are

progress.

An Arithmetic unit i
designed according to

the arguments of the oper

Three averagin ation averaging. normalized

averaging and exponenti signal fo noise or the greatest
accuracy can be achieve f sUMMa veraging. However, this mode is
somewhat less convenie » normalized averagi hich can stop the averager as

i‘ r—" : A . . .
scon as enough noise has ed away. ird mode, exponential averaging, is

ﬂumnﬂnmmm

Kth sample value

A maammm:n L -

S. Since cl? data samples are weighted equally, occasional noise bursts or signal irregularities
are not given disproportionate emphasis during the averaging interval. Consequently,
accumulated results are not inferfered by unusual or uncontroliable occurrences. Because
processed signals are not subject to computational round-off errors, the full capacity of the

memory width can provide faithful waveform reproduction even of extremely weak signals.
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2. Normalized Averaging

Algorithm:
A=A + Li-Agy
2]
Ag = average affer S sweeps
As-1 = average affer S-1 sweeps
ls - fsar
J = o elapsed sweeps
In normalized averag ' : ays displayed in full scale, even
during the first sweep. giving mnediaie s ‘ fivity c Stion. The signal remains constant as
noise removes with succeed ; ps. A : le _ stopped when satisfied with the

resulting outfput signal-to elapsed sweeps reaches the

preset number of sweeps.

m Weighting function

g
Expone Iurﬁﬁ:ﬂﬂﬁ ﬁ i ﬁorm trends, because the
oldest data is di ‘ i I lﬁ a n ed signal builds from the

baseline. However, in this mode the signal grows expone entially with ea

AT AN IR TINGTAY

Memory unit is used fo store the result of operation from arithmatic unit. It is composed
of & number of memory sesgments arranged in contiguous line. Each segment can be access
by | ﬂrst assigned ifs address. An amount of memory segments refered as memory length
de'fermines the number of samples in a complete sweep. Consequently, the memory widith
limi*s the maximum number of sweeps especially in linear summation averaging since

accumulated signals grow linearly with each successive sweep.
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in DAC, the output volfoge or current depends on the reference value chosen to
determine full scale output. If the reference varies in response to analog signal, the output is
propotional to the product of the digital number and the analog input. The product's polarity
depends on the analog signal polarity, and the digital coding and conversion relationship.

The conversion of digital values fo rorﬁonal analog values is a necessary task in

Signal averager ¢ offdce th a m iin co nputer via interface logic unif, Using

main computer as a cenira lieq i s possiol n record. process and analyze the
' o

eses, the results of many such

experiments can be easlly stofed on peime ent media on the main computer for later

analysis.
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