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Abstract

An innovative multi-port interface allows
gamma camera events (spatial coordinates and
energy) to be acquired concurrently with a
sampling of physiological patient data. The
versatility of the interface permits all
conventional static, dynamic, and tomographic
imaging modes, in addition to multi-hole coded
aperture acquisition. The acquired list mode
data may be analysed or "gated" on the basis of
various camera, isocopic, or physiological
parameters.

Introduction

An integrated data acquisition, image
processing and display system has been developed
on a PDF 11/34 for a new multimode nuclear medi-
cal imaging systea (UNICON).* The imaging
system consists of two large field of view Nal
detectors nounted on a rotating gantry. The
heads additionally rotate on an axis perpend-
icular to the gantry axis, allowing them to be
positioned perpendicular to each other. The
distance between camera heads can also be
regulated. In interfacing this camera to a data
acquisition system, the underlying concept was
to provide single photon as well as positron
tomographic imaging capabilities. Thus, energy,
address, and timing information is recorded.
Additionally provisions were made for ancillary
ports to which external non-camera data could be
entered. The addition of ancillary ports makes
it possible to approach the enhancement of image
information based on the direct measurements of
organ related functions. These parameters con-
ventionally are ignored, or are indirectly
derived from the spatial images, or are noted
manually and later incorporated into the analy-
sis. The node of acquisition is a list mode
acquisition of camera events (x,y address and
energy) interspersed with a sampling of signals
from the various ports as illustrated in
Figure 1.

From the recorded list, events can be
selected on the basis of energy or when they
occurred within a given phase of cyclic organ
movement. This facilitates a number of camera
related corrections as well as picture processing
possibilities. Based on the energy information,

'SIMULTANEOUS' SAMPLING
OF PATIENT PARAMETERS

SOFTWARE SELECTED FRAMES

Figure 1. Schematic representation of the list
mode acquisition of camera and non-
camera signals by the multi-mode
interface. Represented also are the
gated frames reconstructed with soft-
ware operating on the acquired data set.

energy sensitivity as a function of spatial
position can be implemented. For reconstruction
tomography, attenuation corrections may be based
upon definition of scattering media boundaries
from projections of events whose energy lies in
the Compton region. When ancillary signals such
as a digitized sampling of lung volume, measured
with a spirotteter, are introduced into the data
stream, motion artifacts can be minimized or
correlates of lung volume changes can be
studied. Radiation sensitive probes can be
interfaced to the system to measure radiation
transients out of the field of view of the
cameras. Such probes can record high statistic
count rates in an a-priori selected region of
interest, and can furnish data on the shape of
input and output wave form*.
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In order Co aitt these variou* of data
acquisition needs, a state of the art multi-port
interface was designed and built4 The interface
permits these various options as well as stand-
ard (20) and topographic (3D) iaages of positron
and single photon emitting radionuclides. The
added facility of correlating camera events to
interrelated physiological data provides a new
powerful research tool which may also increase
the quality of judgements that that can be made
from nuclear medical procedures.

Multi-port Interface

The multi-port interface provides data
transfer from two scintillation cameras and a
variety of other ancillary data transducers.
The main features of the hardware interface are:

- 18 data entry ports for DMA transfer to memory
buffers

- selectable resolution format for camera events

- programmable mode selection (i.e., address,
address and energy, coincidence counting)

- selection of the entry request for ancillary
data ports

- 4 output ports designated for motor control

- registers to simulate data via software to
permit system fault diagnosis.

A block diagram of the interface is shown
in Figure 2.

Figure 2. Block diagram of the multi-port
interface.

A total of 18 input ports are provided,
coupled to the line drivers. Data passage through
the data switch (multiplexer) to che entry control
circuitry is enabled by the priority arbitrator.
Highest priority is given to camera events,
allowing spatial position and energy data to be
processed first. When no camera data are avail-
able, the auxiliary ports arc serviced in order of
increasing port address. Data then flows to a 64
word FIFO buffer which serves to derandoaize the
input for NPR transfer to the UHIBUS. Total input
dead time is about 2 microseconds per entry word.

Of the 18 data entry ports, six are
specifically designed to accommodate the two
spatial coordinates and energy information of
events in the two cameras. Routinely, Che spatial
coordinates of a camera event are written into one
16-bit word, where 7 bits are allotted for each
coordinate. The remaining bits are used as flags.
In the energy mode, Che digitized energy immedi-
ately follows the spatial data word. Up to eleven
bits are available Co store the digitized energy;
one bit is used as a flag, and four bits store the
port identification. By use of a hardware
programmable plug, the resolution of the spatial
and energy events can be distributed in any
fashion among the available 25 bits. The
resolution of the spatial coordinates may in this
manner be increased at the expense of poorer
energy resolution.

Up to 12 additional transducers may be
connected Co the remaining ports to be inter-
spersed in the data stream. The format of the
auxiliary data words is identical to the energy
word, allowing 11 bits of digitized information.

Several modes of acquiring data are software
prograssaable. In the energy mode, two words of
spatial and energy data are entered for each
camera event (with programmable bit format). This
mode is used for full spectrum acquisitions where
later analysis operates on various windows of the
energy spectrum. In the single word mode, the
energy port is disregarded and only spatial
address is entered. This mode is used when full
spectrum information is not required and windowing
is provided by conventional analog circuitry in
the cameras. Here Che resolution format is either
7 bits for event address or 6 and 8 bits -
allowing one spatial coordinate to have a higher
resolution. This is applicable Co roCacing
tomography imaging where 16 to 32 levels are
imaged (4 to S bits for y-position), while 128 to
256 locations are recorded within each level.

The availability of two opposing heads
permits imaging positron emitters in the
coincidence mode. The coincidence circuitry is
external Co the interface ana presents two
coincident events to the camera ports. The
interface assures that they are stored sequen-
tially in memory and are properly flagged as a
coincident pair. Both the spatial coordinates of
an event are stored in one 16-bit word.



Entry of the spatial and energy data is
initiated by the camera and is given highest
priority. Data entry of the ancillary ports can
be initiated in one of three ways. The port can
be self-initiating as with the camera data. The
port nay also be driven by an internal clock,
which may be set by software to initiate a
request at preset time intervals. The maximum
time interval between samples is 4 seconds and
time is recorded with a resolution of one
millisecond. Data may also be entered from a
port by a direct software command. Service
requests from all ports, however posted, are
under the control of a masking register, which
allows a port to enter data only if its
corresponding bit is sec to the on state.

Four additional registers are provided for
motor control of the rotating gantry and patient
bed. Since gantry and bed position can be read
from appropriate transducers through one of the
ancillary ports, a double check is established
between the software command to the stepping
motor and an independent encoder read-out giving
the true position.

For purposes of testing, diagnostic
registers can be connected to any of the input
ports. The ports can thus be strobed with pre-
selected data to check for data and timing
integrity.

System Configuration

Figure 3 shows the main components of the
PDP 11/34 based data acquisition and display
system.
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The multi-port interface connects to the
USIBUS as outlined above. One of the two disk
units is configured as three separate logical RP03
disks each of which is designated for a specific
purpose. One logical disk surface is used as a
dedicated data disk with 20 Mbyte storage
capacity, which corresponds to 10 million events
in the one word mode.

The second RP03 holds the RT-11 operating
system. This system was used for all software
development involving the real time monitor and
data acquisition programs. Real time display of
camera events is used to check camera parameters
before the start of a study. The program reads
the camera events from the multi-port interface,
histograms the spatial image and energy spectrum,
and displays them in real time on the Raatck image
processor. This permits not only to check the
gain and resolution characteristics of the
cameras, but also to examine the positioning of
objects in the fields of view. The software
simulates a digital persistence scope and has an
intensity and persistence parameter that is
entered at the start of the program. For data
acquisition, a program was written that double-
buffers the DMA transfer of data from the
interface FIFO buffer to memory and the transfer
from memory to disk. This program additionally
keeps track of the events count and acquisition
time, and thus is capable of acquiring data for a
preset number of counts or time. For rotational
studies, continuous rotation or the stop and shoot
mode of acquisition can be controlled and
monitored.

The third logical disk contains the RSX-1IM
timesharing system. This more versatile operating
system is used for data transfer to the VAX-11/780
and subsequently for interactive display and
analysis of processed pictures on the Ramtek.
Both the tranfer and display programs run via
task-co-ta«k communication over DECnet. The data
transfer program reads the directory blocks of the
RT-11 structured data disk and on request from the
VAX, transfers a selected list mode acquisition
file for processing. Once processed, histogrammed
images and spectra are returned to the PDP-11 for
display. The picture system software2 addition-
ally drives the Ramtek function box, through which
various color scales and thresholds can be
selected by push button control. By use of a
joy-stick driven cursor, regions of interest of
arbitrary shape can be analyzed and line profiles
through the image can be computed and displayed.
Hard copies of the screen display can be made by
a Videoprint 5000 on photographic film. A
software graphics package can also be used to
produce shaded graphics and vector plots on a
Printronix line printer.

The magtape unit is used for archiving data
not transferred to the VAX for immediate
processing.

Figure 3. Hardware configuration of the PDP
11/34 based data acquisition,
processing and display sysCem.



Applications

A major aim of the interface is to provide
one imaging system that is capable of single
photon and positron totnographic imaging tech-
niques with a two camera unit. Additionally the
system permits the use of various types of
collimaCors, including coded apertures,and opens
the possibility of correlating physiological
patient data to the camera events. The
applications to these fields that are presently
being investigated can be classified in two
major categories:

- camera related correction and off peak scatter
analysis (taking advantage of the energy
information available on an event by event
basis).

- organ motion analysis and software framing
(made available by the ancillary data in the
list mode acquisition).

Tomographic reconstruction images can be
substantially improved if the projection images
are corrected for linearity distortion and
energy sensitivity. Additionally, a better
knowledge of the distribution of scattering
material in the volume to be reconstructed can
be derived by analyzing the Compton scatter
events. Linearity corrections have been
extensively investigated and from these, a new
'approach has evolved.3 Results of processing on
and off peak events from the list mode acquisi-
tion have been shown in an earlier paper.* Our
current aim is to pursue a concurrent investi-
gation of energy information for distortion
corrections and for implementation of scatter
event reconstruction for a better estimate of
the effect of attenuation processes and to
correct for these effects.

The use of ancillary physiological signals
in the dsta stream provides a more direct method
for gating studies. Typically, gated studies
are performed by triggering the start of a
preset number of sequential frames by a periodic
signal like the R-wave of the ECG. Lung studies
can be approached similarly. If one acquires a
long series of short frames through sequential
lung cycles, one is able to analyze lung
function regionally as one can with cardiac
cycle data.^ Construction of frames represent-
ing phases of cyclically varying physiological
parameters derived from image data assumes a
regular cycle and limits ones ability to cope
with cycle irregularities. A better solution is
to enter a digitized direct measure of the
signal of interest. This is presently being
used for transmission images of the lungs
collected together with a sampling of the lung
volume read from a spirometer. Frames
representing a selected lung volume are
histogrammed by a software program which takes
events occurring in the proximity of a selected
volume measurement in the data stream. The
effect of irregular breathing does not invalid-
ate the framing process. Gated heart studies

can be carried out in a similar manner where the
ECC signal is sampled. This can be a significant
improvement especially for patients with cardiac
arrythmias.

The use of physiological data in image
reconstruction, analysis and display is wide
ranging. For liver scans, blur introduced by
organ movement during breathing can be partly
corrected by monitoring and gating on lung volume.
Motion artifacts in the chest region affect heart
and lung images. Analyzing the lung volume and
ECG signals will make it possible to compensate
for the effect of breathing on heart displacement
in heart studies.

Interfacing an external probe makes it
possible to monitor tracer levels and flow rates
outside the field of view of the cameras.
Radiotracer levels in the heart and over the
bladder are of interest for obtaining a measure
of clearance from the blood for dynamic uptake
studies. Similarly such a probe aimed at the
brain gives a better estimate of the presence of
magnitude of right to left shunts.

The utility of the system is just being
explored and the role of the different features
remains to be established. Results of studies
carried out using the extra signal* being measured
will be compared to images reconstructed using
traditional techniques in an attempt to assess
the benefits derived therefrom. The results of
ongoing studies will answer some of these
questions which we are now able to explore for the
first time.

Conclusion

The flexibility of the UNICON imaging system
permits a variety of geometrical configurations of
the two cameras. Non-conventional coilimators can
be mounted, and up to 12 ancillary signals may be
sampled during an acquisition. The data
acquisition interface facilitates tomographic
imaging with single photon and positron emittng
radionuclides. Additionally, energy information
can be stored on an event by event basis. The
interface permits physiological processes to be
sampled and these measurements to be entered into
the data stream. The flexibility inherent in such
an extended list of camera and patient data
promises to assist in the development of new
methods and procedures for analyzing nuclear
medical oata.
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