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Figure 3. Block diagram of the position board.

To calculate the weighting coefficients for the ML estimate
we must determine the expected response of each position
sum as a function of source position. We translate a colli-
mated 99mTc fan-beam source across the direction of interest
in lmm increments, acquire several thousand uy-ray events at
each position with a 12 bit ADC and test computer system,
and estimate the mean of the resulting position sums. Af-
ter acquisition, the response functions are fit piecewise with
quadratic polynomials with forced first derivative continuity
at the endpoints. The weighting coefficients for each position
sum are calculated from the fitted data.

Position Board Architecture

The modular detector requires two position boards for the
calculation of the x and y position components. The boards
are multibus based with the addition of a high-speed auxil-
liary bus for control signals and for the transfer of position
data without bus contention overhead.

Figure 3 is a block diagram of the position board. The
row or column position sums are presented to a pulse-
stretcher/analog buffer circuit consisting of sample/hold am-
plifiers and high-speed analog multiplexors. Pulses from each
scintillation are held at their peak value for the duration of
the position search. The two stage analog buffer reduces sys-
tem deadtime by retaining position sums from a scintillation
occurring while the position board is active.

The range of trial positions searched is confined to a neigh-
borhood of the maximum position sum. It is necessary to
limit the search range not only to increase the computation
speed but also to avoid selecting local extrema of the likeli-
hood function. Referring to figure 3, the stretched position

sums are directed to pairs of diodes. The maximum position
sum (minus the diode junction voltage drop) appears across

RO and also at one input of a bank of comparators. The
comparator corresponding to the maximum sum will change
states since both diodes conduct and are biased in such a

way that the voltage drop across RO is smaller than R1-R8.
The comparator outputs are encoded into a three bit address
which is mapped through high-speed PROMs selecting the
first and last positions to check.

The position search algorithm begins once the search range

has been determined. Stretched position pulses are applied
to the reference inputs of DAC-08E high-speed four quadrant
multiplying D/A convertors. The weighting coefficients cor-

responding to each trial position are quantized to seven bits
plus sign and stored in the 2Kx8 bit coefficient RAMs. Eac1Y
DAC/RAM combination computes a product term of (4).
The four quadrant multiplication feature of the DACs allows
both positive and negative weighting coefficients to be used.
The true and complementary current outputs are summed
over the position sums and the two resulting sums are routed
to a differential current-to-voltage convertor to perform the
summation indicated in (4).

An oscillograph of the search process, representing the re-

sult of (4) vs. trial position, is shown in figure 4. The graph
was made using a collimated 99mTc point source and the de-
tector module shown previously. The board steps through the
trial positions within the search range until a zero-crossing
is detected indicating that the most likely position has been
passed. The scan direction is then reversed in fine steps un-

til a second zero-crossing is attained for a better estimate of
position. The coarse to fine step ratio is 4:1. The address
corresponding to the most likely position is translated to a
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Conclusion

A hybrid computer to calculate ML scintillation position
estimate has been described and is in the preliminary test
phase. The board has the advantage of being an inexpen-
sive solution to the problem of computing the ML estimate
when it is necessary to distinguish many positions. The com-
puter is capable of performing any position estimate linear
in the PMT outputs, and since the weighting functions can
be altered at any time, it may be possible to implement re-
cursive position estimators based on prior knowledge of the
source distribution. The computer is not yet running at its
design speed of 5 ,ss/event but we expect that this problem
can be handled with slight redesign. The modularity of the
computer suggests miniaturization.

Figure 8. Lower curve. Response to point sources lo-
cated at x positions 24mm, 44mm, 64mm, and 84mm.
Upper curve. Response generated by moving point
sources lmm to 25mm, 45mm, 65mm, and 85mm.

one set of weighting coefficients, wi(x), can be used regard-
less of the orthogonal component of event location. To il-
lustrate that the approximation is reasonable, we scanned a
point source in the x direction at several y positions and cal-
culated ML estimates with the postion board. Figure 7 shows
the results of these scans, demonstrating that good' linearity
is achieved using just one set of weights.

Figure 8 shows several point sources acquired from the de-
tector and position board. The lower curve is the response
to four point sources separated by 20mm. In the upper curve

each point source has been moved lmm to the right. We
note that the spatial resolution of the detector/position board
combination is very good. The discrete nature of the detec-
tor is evident indicating which of the 3mm bars are being ex-
cited. Since the detector is unshielded, a significant amount
of background activity is present.

Currently, the position boards are operating at one-third of
the designed clockrate. Preliminary tests indicate slew-rate
limiting in the current-voltage convertor circuit. As designed
the worst case event search time is 5 Hts but we are presently
achieving search times on the order of 15 ts. Since these are
the prototype boards we expect that with slight redesign we
will be able to achieve the design speed.
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