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methodology involving the weighting of appropriate intervals from the time
of introduction of the radiolab- The detection and treatment of cancerous
tissue  elled antibody to the patient to the time of surgery, has been the
subject of intense investigation for many  can evolve a highly accurate
differentiation of cancer- years. One among the many approaches to its
detec-   5   ous tumor. This improved method of localization, dif- tion has
concerned the identification of tumor specific  ferentiation and removal of
cancerous tumor involves antigens. Where these antigens can be identified,
ra-  a surgical procedure wherein the patientsuspected of dionucleid
labeled antibodies have been employed    containing neoplastic tissue is
administered an effec- which tend to collect at tumor sites. When so
concen-  tive amount of a labeled antibodyspecificfor neoplas- trated,
somewhat elaborate radiation detection equip-  10  tic tissue and labeled
with a radioactive isotope as ment then is employed to record, for example,
by im-  above-noted exhibiting photon emissions of specific aging the
concentrations of the emissive substances  energy levels. Next, the
surgical procedure is delayed and thus to locate neoplastic tissue.
Important ad-  for a time interval following such administration for vances
in this procedure have been evidenced        permitting the labeled
antibody to preferentially con- through the use of monoclonal antibodies or
frag-  15  centrate in any neoplastic tissue present in the patient ments
thereof with a variety of radionucleides. Typi-  and to be cleared from
normal tissue so as to increase cal techniques for carrying out imaging of
these anti-  the ratio of photon emissions from the neoplastic tis- bodies
have involved, for example, tomographic     sue to the background photon
emissions. Thereafter, scanning, immunoscintigraphy and the like. The par-
an operative field of the patient is surgically accessed ticular choice of
radionucleid for labeling antibodies Is  20  and tissue within the
operative field to be examined dependent upon its nuclear properties, the
physcial  for neoplastic tissue has the background photon half life, the
detection instrument capabilities, the  emission count determined. Once the
background pharmacokinetics of the radiolabeled antibody, and  photon
emission count for the tissue within the oper- the degree of difficulty of
the labeling procedure. The  ative field has been determined, a hand-held
probe is most widely used of these radionucleides In nuclear  25   manually
positioned within the operative field adja- medicine imaging include
technetium, [err], iodine  cent tissue suspected of being neoplastic. This
tech- [err], and indium, [err]. Of the above, for localizing  nique has
been described, as "radio immuno-guided tumors of the gastrointestinal
tract, the radionudeid  surgery" (RIGS), a surgical approach developed by
1311 is used as the marker or label in conjunction with  E.W. Martin, Jr.,
M.D., and M.O. Thurston, Ph.D. For imaging gamma cameras and the like which
are rela-  30  additional information, achieved from probe counting tively
large and elaborate devices positioned above  for differentiation. In the
above regard, reference is the patient during the imaging process.
made to the following technical publications: In spite of its somewhat
extensive utilization, 1311  [err]    CEA-Directed Second-Look Surgery In
the is not an ideal radionucleid for use in diagnostic med-  Asymptomatic
Patient after Primary Resection icine. The high energy gamma-photon emitted
from   35    of Colorectal Carcinoma", E.W. Martin, Jr., 1311 is poorly
detected by the classic gamma camera      MD, J. P. Minton, MD, PhD, Larry
C. Carey, and like instrumentation. In addition, the adminis-      MD.
Annals of Surgery 202:1 (Sept 1985301- tered marker emissions deliver a
high radiation dose     12. to the patient. Further, the Imaging definition
of these  II.  "Intraoperative Probe-Directed Immunodetec- external imaging
devices have not been satisfactory  40  tion Using a Monoclonal Antibody,
P.J. for many reasons. As tumor sites become smaller, the     O'Dwyer, MD,
C.M. Mojzsik, RN MS, G.H. Hin- radionucleid concentrations thereat will
tend to be      kle, RPh, MS, M. Rousseau, J.Olsen, MD, S.E. lost, from an
imaging standpoint, in the background or   Tuttle, MD, R.F. Barth, PhD, MO.
Thurston, blood pool radiation necessarily present in the pa-      PhD,
D.P. McCabe, MD; W.B. Farrar, MD, E.W. tient.
45        Martin, Jr., MD. Archives of Surgery, 121 Over the recent past, a
surgical procedure has        (Dec., 1986) 1321-1394. been developed
concerning the differentiation and  III  "Intraoperative
Radioimmunodetection of Col- removal of such neoplastic tissue through the
use of     orectal Tumors with a Hand-Held Radiation much lower energy
gamma emission levels for exam-        Detector, D.T. Martin, MD, G.H.
Hinkle, MS pie, [err](27-35 kev). While such a radiolabel cannot  50  RPh,
S. Tuttle, MD, J. Olsen, MD, H. Abdel-Na- be employed with conventional
external imaging or        bi, MD, D. Houchens, PhD, M. Thurston, PhD,
scanning devices, because the radiation is strongly      E.W. Martin, Jr.,
MD. American Journal of Sur- absorbed by the tissue intermediate between
the tu-      gery, 150:6 (Dec., 1985) 682-75. mor and the surface of the
patients body, It has been  IV.   Portable Gamma Probe for Radioimmune La-
found that when employed with a probe type detec-  55    calization of
Experimental Colon Tumor Xe- tion structure, a highly effective
differentiation techni-  nografts, D.R. Aitken MD, M.O. Thurston, que can
be evolved. More particularly, the longer half   PhD, G.H. Hinkle, MS RPh,
D.T. Matrin, MD, life of this type of radiolabel coupled with a surgical
D.E. Haagensen, Jr., MD, PhD, D. Houchens, 2    
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MD, E.W. Martin, Jr., MD.   consequence, where simple averaging of
radiation Journal of Surgical Research, 36:5 (1984)     impingements or
counts over specified time inter- 480-489.
vais to derive count rates is employed, an unsatisfac- V.
'Radloimmunoguides Surgery: Intraoperative    tory and somewhat distracting
result obtains from an Use of Monoclonal Antibody 17-IA in Colorec-   5
audible readout standpoint Thus, a development of a tal Cancer'. E.W.
Martin, Jr., MD, S.E. TUttle,  relatively consistent system of audible
cuing for the MD, M. Rousseau, C.M. Mojzisik, RN MS, P.J.   surgeon
utilizing these probe instruments has been O'Dwyer, MD, G.H. Hinkle, MS
RPh, E.A. Mil-   determined to be required. Such a system should ler, R.A.
Goodwin, OA. Oredipe, MA, R.F.      avoid development of spurious audible
outputs and Barth, MD, J.O. Olsen, MD, D. Houchens,  10  provide outputs
representing a signal treatment ex- PhD, S.D. Jewell, MS, D.M. Bucci, BS,
D.      hibiting consistency and reliability such that the sur- Adams, Z.
Steplewski, M.O. Thurston, PhD,     geon is facilely guided to the vitus of
tumor. Hybridoma 5 Suppl 1 (1986) S97-108.              In an article
entitled wSmall Radiation Detectors Reference further Is made to US-A-4 782
840 is-  For Bronchoscopic Tumor Localization" by Barber, et sued November
8, 1988 and entitled 'Method for Lo-  15  al, IEEE Transactions on Nuclear
Science, Volume cating, Differentiating, and Removing Neoplasms" by  NS-27,
No. 1, February 1980, probe type detectors Edward W. Martin, Jr., and
Marlin 0. Thurston, filed  including those incorporating sodium iodide
scintilla- September 10, 1986.                                 ton devices
as well as cadmium telluride crystals are The success of this highly
effective differentia-  described. Awater phantom study utilizing the
detec- tion and localization technique is predicated upon the   20  tors is
set forth and a clinical trial is described herein. '{      availability of
a probe-type detecting device capable  Asodlum iodide detector structured
as an endoprobe of detecting extremely low amounts of radiation nec-  was
positioned in contactwith a tumorwithin a patient essarily developed with
the procedure. In this regard,  having a history of lung cancer. The probe
was em- low energy radionucleides are used such as 1251 and  ployed in
conjunction with a count rate meter and a the distribution of radiolabeled
antibody with the nu-  25  tone generator to provide an audio output to the
bron- cleWd is quite sparse so that background emissions  choscopist. can
be minimized and the ratio of tumor-specific       The object of the
invention is to provide system counts received to background counts can be
maxi-   and method for Improving detection and location of mized. There is
described in EP-A-0284542 publish-  gamma radiation source concentration in
animal tis- ed September28, 1988 a probe instrument and relat-  so  sue
utilizing a hand-held probe. ed control circuitry having the requisite
sensitivity for  This object is achieved by the system and meth- use with
such low energy radlonucleids while retain-  od defined in claims I and 9,
resp. According to the ing a robust structuring within a diminutive size
suited  invention for the rigorous surgical environment. This probe de-
the system for detecting and locating sources vice is utilized currently
under the trade designation   35  of gamma radiation within a region of
interest, corn- "NEOPROBE' instrument.                              prises
Typically, the control consoles of radiation detec-   a probe movable from
position to position with- tors such as Geiger counters and the like have
funo-  in said region of interest including: tioned to carry out upper and
lower energy threshold     a housing having a forward portion extending
evaluations of detected impingement of radiation. In  40  to a radiation
window positionable in the vicinity of a practice, each detected
Impingement is counted and  said source; is audibly manifested as a cdickm
sound. Some detec-     detector means within said housing for deriv- tor
response circuitry stretches the duration of such  ing induced charges In
response to gamma ray inter- abrupt output sounds to develop what may be
refer-  action therewith and providing corresponding output red to as a
beepa. Similarly, solid-state counter com-  45  signals; and ponents have
been suggested in which, for example,       transmission means for
transmitting said out- a divide-by-ten function is carried out to adjust
the fre-  put signals; and quency of an audible output from a radiation
detector.   signal treatment means including: Experience in the surgical
theaterwith the Neop-      energy level network means forvalidating said
robe detection instrument has shown that the radia-  so  output signals and
deriving count signals In response tion encountered in the course of RIGS
procedures is  thereto; and perceptible indicator means for providing quite
random. Where 'mlIis employed as a radlolabel  a perceptible output; or
marker and variable Intervals of time from marker     characterized in that
said signal treatment injection into a patient to the time of surgery are
en-  means include: countered, background-to-tumor ratios may vary  55
control means responsive to said count signals widely. These variances also
are observed as the   for deriving count rate values which are entered into
probe instrument is maneuvered from tissue region to  a continuously
updated rate queue from earliest to lat- tissue region in the course of a
given surgery. As a  eat received representing a given period of continu- 3
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said control means applying a    range calibration sequence. Additionally,
an audible weighting factor to successively derived count rate  indicator
provides an audible output in response to in- values within said queue,
said newest count rate val-  put signals and a memory is Included for
retaining ues receiving an accentuated weighting factor and   count rate
data. A control function is responsive to the generating from said weighted
countrate values a sta-   5   squelch mode activation actuation and to the
count biized count rate value for application to said indica-  signals
derived when the probe Is located at the pre- tor means.
determined body region for deriving a basic back- Advantageous embodiments
of the invention are   ground count rate. The control furtherresponds to
the described in the dependent claims.                  basic background
count rate to derive a squelch low When employed within a surgical theater,
audible  io  count rate value and is responsive to derive the prod- cuing
as to the location of such source concentrations  uct of the squelch low
count rate value and a prede- is substantially improved through a
generation of au-  termined range value for deriving a squelch high dio
frequency output as well as the development of  count rate. The control
further responds to retain the count rates of a selectively weighted basis.
squelch low count rate and the squelch high count With the system, the
hand-held probe initially is  15  rate in memory and is responsive
subsequently to positioned at a predetermined body region, for exam-  count
signals for deriving count rate signals and for pie adjacent the heart or
aorta, for the purpose of de-  deriving the audible indicator Input signals
at prede- termining a background count rate. The control sys-  termined
frequencies corresponding therewith when tem associated with the probe
develops a back-      the count rate signals exhibita value intermediatethe
ground count rate while the probe Is so positioned   20   memory retained
squelch low count rate and the which is used to derive a squelch low count
rate. The  squelch high count rate. latter value then is multiplied by a
selected range fac-  Another feature of the Invention provides a sys- tor
to derive a squelch high count rate. These count  tern for detecting and
locating sources of gamma ra- rates represent the respective lowest and
highest fre-  diation within a region of interest which includes a quency
selection from a predetermined sequence of  25  probe movable from position
to position within the re- frequencies developed from a memory retained
fre-   gion of interest which includes a housing having a for- quency table
having about 500 frequency entries.    ward portion extending from a
radiation window pos- The rate of change of frequency rates is control-
itionable In the vicinity of the source, a detectorwithin led by a slew
limiting approach wherein the difference  the housing for deriving induced
charges in response between high and low squelch rate values is divided
30  to gamma ray Interaction therewith and providing cor- by a time factor
representing, for example, one-half  responding output signals and a
transmission ar- second of time. The resultantsquelch delta value then
rangement for transmitting the outputsignals. The sy- is employed as the
linting rate forfrequency changes,  tern further includes a signal
treatment function which an approach substantially improving the audible
cu-  includes an energy level network for validating the ing capability of
the system. High and low squelch lim-  35   output signals and deriving
count signals in response its also are developed to improve the response
time  thereto. A control function responds to the count sig- of the
software of the control system.              nals for entering them into a
continuously fed quey Another feature of the Invention is the provision
from earliest to latest received representing a given of a system for
detecting and locating gamma radia-  Increment of continuous sampling time,
the control ef- tion source concentrations at specific tissue regions  40
fecting a select weighting of predetermined time de- of an animal body
further having a predetermined   fined increments of count signals within
the queue body region selected as emanating gamma radiation   and
generating from the weighted countsignals a sta- at background levels. The
system includes a probe   bilized count rate value. A perceptible indicator
pro- which is movable from position to position along the  vides a
perceptible output corresponding with the sta- tissue regions and to the
predetermined body region   45   biized count rate value. which includes a
housing having a forward portion ex-  Anotherfeature of the invention
provides a meth- tending to a radiation window positionable in the vicin-
od for generating audible cuing signals locating gam- ity of the tissue
regions and at the predetermined  ma radiation concentrations within tissue
of an animal body region. A detector is positioned within the hous-  body,
the body having a region selectable as eman- ing for deriving induced
charges in response to gam-  50  ating gamma radiation at background
levels. The ma ray interaction therewith and providing corre-   method
includes the steps of: sponding output signals and a transmission arrange-
providing a hand manipular probe as claimed ment is included for
transmitting the output signal. A  in any one of the claims 1 to 8 movable
about the tis- signal treatment arrangement further is provided in  sue and
generating output signals in response to the system which Includes an
energy level network  55   gamma radiation impinging thereon; for
validating the output signals and deriving count     positioning the probe
at the body region and signals In response thereto. A squelch mode activa-
evaluating the output signals for a predetermined in- ton arrangement is
actuable for deriving a squelch  terval to derive a squelch low background
count rate; 4    
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high count rate by multiply-  Fig. 4 is a sectional view of the forward
portion of ing the squelch low background count rate by a select  the
instrument embodiment represented in Fig. 3; range factor,
Figs. 5A and 5B combine as labeled to form a deriving a squelch difference
value as the dif-  block diagram of the functional components of J
ference between the squelch low background count   5    the control system
associated with the probe of rate and the squelch high count rate;
the invention; deriving a squelch delta vlue by dividing the     Fig. 6 is
a diagrammatic representation of the squelch difference value by a
predetermined time val-  functions associated with switch actuations car-
ue;                                                    ded out for certain
switching functions of the con- providing a memory retained table of
frequen-  1o  trol console illustrated in connection with Fig. 1; cy
deriving values from lowest to highest;             Fig. 7 is a schematic
representation of data made providing an audible sound generator actuable
available In the display of the control console rep- to produce a cuing
sound output atfrequencies of val-  resented in Fig. 1; ue selected from
the table of frequency values;        Figs. 8A and 8B combine to provide a
flow chart positioning the probe at select locations of the   15
describing the control program of the system of tissue of the animal body
and determining previous     the invention; and next count rates from
resulting output signals;    Fig. 9A is a schematic representation of a
squar- accessing the table of frequency deriving val-   ewave generated by
interrupts in accordance ues in correspondence with the previous count rate
with the sound generation components of the In- as a proportion of the
squelch difference to provide a   20  vention; first frequency deriving
value;                        Fig. 9B is a flow chart showing a sound
genera- actuating the sound generator in correspon-      tion interrupt
technique according to the inven- dence with the first frequency deriving
value;         tion; determining a rate delta value as the differ-    Fig.
10 is a flow chart showing a squelch calibra- ence between the previous and
next count rates;  25    tion routine employed with the system of the in-
comparing the rate delta value with the          vention; squelch delta
value and accessing the table of fre-    Fig. 11 is a schematic
representation of a techni- quency values In correspondence with a
frequency       que for controlling audible cuing in accordance value
representing the sum of the previous count rate  with the invention; and
the squelch delta value as a proportion of the   9o  Fig. 12 is a flow
chart showing a siren sound gen- squelch difference when the rate delta
value equals    oration employed with the system of the Inven- or exceeds
the squelch delta value to provide a see-   tion; and ond frequency
deriving value; and                      Fig. 13 is a flow chart showing
the technique for actuating the sound generator in correspon-
calculating count rates according to the inven- dence with the second
frequency deriving value%  35    tion. For a fuller understanding of the
nature and ob-    Referring to Fig. 1, an embodiment of the probe jects of
the particular embodiments of the invention,  and supporting
instrumentation of the invention par- reference should be had to the
following detailed de-  ticularly designed for employment in the
medical-sur- scription taken in conjunction with the accompanying  gical
field is represented generally at 10. This assem- drawings.
4o   blage includes a hand-manipular probe represented Other objects of the
invention will, in part, be ob-  generally at 12 which is coupled by a
triaxial cable 14 vious and will, in part, appear hereinafter.       to a
console 16. The probe 12, which preferably is re- The Invention,
accordingly, comprises the meth-  tained by the surgeon within a disposable
polymeric od and system possessing the construction, combin-  sheath or
cover Is maneuvered about the region of aton of elements, steps and
arrangement of parts  45  surgical interest to locate tumerous tissue for
resec- which are exemplified In the following detailed disclo-  tion. When
used in conjunction with colonic surgery, sure. For a fuller understanding
of the nature and ob-  for example, the probe 12 is maneuvered through a
jects of the invention, reference should be made to  surgical opening In
the body cavity and essentially the following detailed description taken in
connection  brought into contact with organs under study by the with the
accompanying drawings.                5o  surgeon. When employed in a
radioimmuno-guided Fig. I Is a perspective view of the probe instru-  mode,
a loudspeaker or annunciator within the con- ment and associated console
representing the in-  sole 16 provides a usiren'form of outputwhich appris-
strumentation system of the invention;          es the surgeon that the
probe 12 is at a site of cancer. Fig. 2 is a side elevational view of the
probe in-  Thus, it is necessary that the device 12 be of conve- strument
shown in Fig. I with portions broken  so   nient length and comfortable to
grasp. The probe 12 away to reveal internal structure;              is seen
to include a window 18 located at the tip of an Fig. 3 is an exploded view
of the forward assem-  angularly oriented portion thereof 20. Portion 20
ex- blage of the instrument of Fig. 2;              tends from a
hand-grippable portion 22 at an angle of    9                   EP 0 369
927 B1                  10 



about 300 to facilitate its manueverability about the  tation of the front
portion 20 is shown having the not- back or hidden side of organs.
ed 300 cant with respect to the central axis of the Because the assemblage
10 is used in a surgical  hand gripped portion 22. Device 12 Is small
having an theater, the console 16 also is readily cleaned, having  overall
length of about 19 cm and portion 22 having a smooth, one-piece touch
sensitive polymeric sur-   s   a length of about 12.7 cm. The overall
diameter of the face 24 surmounting a relatively large LCD readout or
cylindrical structure 12 is about 1.9 cm. Front portion display 26, a dual
colored LED readout 28 and a se-  20 is formed having a groove 42 for
retaining various quence of finger-actuated switches each having a
cdip-on* devices. Experience to the present, utilizing tactile feedback.
These switches or keyboard as rep-  low energy radiolabeling and achieving
very high sen- resented generally at 30 as combined with readout 26   io
sitivity on the part of the probe has removed the need permit the
microprocessor driven console 16 to carry  for forward collimation. The
hand grip portion 22 car- out an instructive or "user friendly' dialogue
with the  ries a preamplifier on an elongate circuit board as rep-
practitioner. For purposes of safety, the device Is  resented in general at
44. Depending upon the ener- powered by a rechargeable battery.
gles of radiation encountered, the probe 12 structure In addition to
conventional on and off switches   15  is formed of an electrically
conductive and thus shown, respectively, at 32 and 33, the switches pro-
shielding material which functions to attenuate radia- vided on the console
16 include a count mode switch  tion. 34, a sound switch 35, a reset count
switch 36, a      Cable 14 supplies power to the preamplifier of squelch
switch 37, a calibration switch 38, and up and  the probe, as well as bias
to the crystal and functions down incrementing switches for menu driven
user-  20  to transmit the preamplifier treated output signals. computer
Interaction within certain of the switch gen-  The cable includes tin
copper cladding components erated modes as shown, respectively, at 39 and
40.  46 and 48 which are mutually insulated and spaced by The probe 12 must
be capable of performing es-  a silicon rubber tube 50 which Is somewhat
loose to sentially at room temperature. Thus, the device em-  permit
flexure. Innermost leads of the arrangement ploys a cadmium telluride
crystal and, because of the   25  at respective lines 52 and 54 carry the
output signals preferred low energy levels of radiation which it is  from
the preamplifier 44 and a bias signal, for exam- called upon to detect,
must be capable of operatively  pIe 30 volts, for application to the rear
side of the crys- reacting to low energy gamma ray interactions. As an  tal
within the device 12. Clad 46 carries a 12 v power incoming gamma ray is
absorbed by the crystal, It  supply for the preamplifier circuit, while
outer clad 48 transfers some or all of Its energy to electrons, which  30
carries ground for the system. An outer silicon rubber as charged particles
pass through the semi-         cover then is provided at 56.
conductor(crystal) producing electron-hole pairs and,  Looking to Fig. 3,
an exploded detail of the nose therefore, the capability of charge-transfer
within the  or forward portion 20 of probe 12 is provided. This crystal
medium. When a charge particle produces     portion 20 retains a cadmium
telluride crystal 58 in a electron-hole pairs in the semi-conductor, the
electric  3s  light-tight and mechanically secure orientation while field
causes these charge carriers to move toward   maintaining necessary ground
and bias conditions and accumulate at the appropriate electrodes. As
upon it. these charges arecollected atthe electrodes,they in-    Fig. 3
shows the hand-graspable portion as at22 duce a charge or electrical pulse
signal in the circuit  extending to a supporting tubular portion 70. The
for- external to the detector. It is then necessary to pre-  40
wardlydisposed tubularregion of portion 70 including amplify these signals
and feed them to the electron-  cylinder connector surface 72 are
configured having Ics of the control unit or console 16.             an
internal diameter defining a cavity or chamber 74. For effective
performance, the probe 12 must be  Cavity 74 receives a generally
cylindrically shaped capable of generating and discerning signals repre-
slug or blocking arrangement 76 along with an elas- senting gamma ray
strikes which are of extremely low   45  tomeric retainer layer which
retains the slug 76 within energy. In this regard, a gamma ray Interaction
with  the cavity while spacing its outer cylindrical surface the cadmium
telluride crystal may produce two to four  from the Interior wall of
portion 70 an amount suffi- thousand electrons. It being recognized that
6.25 x  cient to provide a shock mounting arrangement. This 1018 electrons
per second represent one ampere of  elastomer may be provided, for example,
as a rubber current, the relative sensitivity of the instant device   6o
epoxy material. To achieve spacing from the noted in- will become apparent.
As a consequence, the mech-   terior wall and facilitate mounting, an
elastomeric ring anical structuring of the mounting arrangement for  such
as an 0-ring is provided as at 78 which serves the crystal within the probe
12 Is of importance as is  to hold the slug 76 in an appropriate position
while the the technique for detecting and treating these signif-
elastomeric rubber epoxy sets. The 0-ring 78 is slid icantdy small charges
representing gamma ray inter-  ss   overthe copperoutercylindrical surface
of slug 76 so actions.                                            as to
nest in a rectangular groove 80 formed therein. Looking to Fig. 2, a more
detailed representation  Looking additionally to Fig. 4, the 0-ring 78 is
seen in of the probe device 12 is revealed. The angular orien-  assembled
position and the elastomeric retaining lay- 6    11                  EP 0
369 927 B1                 12 



or is shown at 82. Slug 76 is formed of copper or tu ng-  hancement of
acoustic isolation of the crystal 58. sten to attenuate radiation impinging
from a rearward  As represented at circuit 44 in Fig. 2, In order to
direction into the probe instrument 22 and further in-  carry out the
treatment of the very faint charges cludes a V-shaped groove 84 extending
thereabout.  which are evolved due to gamma interaction with A central bore
86 extends through the slug 76 to carry   5   crystal 58, it is important
that the preampliflcation an insulated lead 88. Lead 88 functions as a
bias-  function take place as close as possible to the situs signal
transmission wire leading to the physically ad-  of the interaction.
Because of the operational need in jacent preamplification stage 44. The
forwardmost  surgery for the 300 cant of the central axis of the for- face
of slug 76 provides a base support surface as at  ward portion 20 with
respect to the corresponding 90 which is counterbored at 92 so as to
provide an im-   10  axis of the rearward support portion 22 of the probe
proved connection with a plastic electrically insulative  12, the small
length of transmission wire 88 is re- cup or support 94 having a rearwardly
disposed cyl-  quired. Because extremely small charges of current Indrical
portion 96 which is nestable within the bore  are Involved in the range of
300-600 atto coulombs, 92. Cups as at 94 may, for example, be formed Lexan
a preamplification stage which performs to achieve a or the like and,
preferably, are adhesively attached to  15  very high gain is called upon
but one which performs the base support surface 90 and counterbore 92 by
with low noise generation. In effect, the preamplifica- a compatible
adhesive. Cup 94 Includes a central cyl-  tion stage of the instant
apparatus is one achieving a indrical cavity 98 which receives and supports
an as-  voltage amplification, for example on the order of semblage
Including a resiliently compressible shock  about 25,000. cushion layer
I100 as an initial component. Layer I100   20  Crystal 58 is maintained in
a carefully electrically may, for example, be formed of a non-woven Teflon
shielded, acoustically dead and light-tight environ- cloth marketed under
the trade designation "Gortex"  ment. The outer surface of front portion 20
of the having a thickness, for example of about 0.020 in. The  probe
instrument 12 is an electrically conductive tube layer 100 is provided
having an opening in the middle  or collar 114 formed, for example, of
copper so as to thereof for receiving the lead 88. In general, this lead
25  provide a laterally disposed electrical shield, as well 88 Is formed as
a multi-strand type and the strands  as an attenuatorforradiation of the
energy range con- thereof are attached to a small disc 102 of adhesive
templated. The forward edge of the tube 114 is closed copper tape. This
disk 102 serves to electrically cou-  by the window 18 which is formed, for
example, of a pie lead 88 to and apply a biasing voltage to the rear-
silicon-aluminum alloy about 0.015 in. thick soldered wardly disposed face
104 of crystal 58. The forward  30  thereto. As noted above, the window 18
is selected to face of crystal 58 as at 106 is electrically grounded by
permit entry of very low level emissions of gamma ra- a copper ground strap
108 which extends rearwardly  diation. Thus, it is structured to permit the
full forward to provide electrical grounding communication with  face of
crystal 106 to be exposed to such radiation. the exterior of copper slug
76. The assemblage of   Even though the window 18 Is relatively broad in
ex- crystal 58, copper adhesive tape or disk 102, shock   35  tent, the
capability of the instrument 12 to differenti- cushion layer 100, and cup
94 are compressively re-  ate the interface between tissue carrying
radiolabel- tained together by an elastomeric retainer 110 which  led
antibodies and the like and those not carrying may be provided, for
example, as a common finger   these labels is quite accurate, when used
with low en- cot. This sheath of electrically Insulative elastomeric  ergy
ma rkers, i.e. 126 is contemplated to the extent material is rolled over
the assemblage and retained in  40  that collimation to achieve close
differentiation typi- position by a resilient band such as a resilient
0-ring  cally is not required. 112. 0-ring 112 nests in the
earlier-described V-shap-  Referring to Figs. 5A and 5B, a block diagram-
ed circumferential groove 84 to retain the sheath 110  matic representation
of the instrumentation circuitry in position. The entire assemblage of slug
76 and  is revealed. In Fig. 5A, the cadmium telluride crystal those parts
compressively retained in position by the   45  58 is shown having one face
coupled to ground sheath 110 and 0-ring 112 may be maneuvered dur-
through line 130, while the opposite, biased face ing the assemblage
employing rubber epoxy layer 82  thereof is coupled via lines 132 and 134
to a bias filter to provide appropriate spacing accommodating for
represented at block 136. The input to the filter 136 variations in
component thicknesses, for example the  is represented at line 138 as being
applied through thickness variations which may be encountered with  50  the
triaxial cable as described earlier at 14 and rep- crystal 58. The forward
assemblage including tube  resented by that numeral herein. Line 138 corre-
114 and window 18 then Is positioned oversurface 72  sponds with the
earlier-described line 52 in Fig. 2. and cemented in place, for example,
with a conduc-  This bias emanates from a power supply shown at tive silver
epoxy cement. Note In Fig. 4 that the as-  block 140 in Fig. SS and
represented at line 142. semblage is so oriented that a dead space 116 is
cre-  5a  Line 132 from the crystal 58 is shown extending ated between the
forwardly disposed surface 106 of  to an integrator stage 144 of the
preamplifier 44. The crystal 58, as associated with retainer sheath 110,
Integrated valuation of detected radiation disturbance and window 18. This
dead air space provides an en-  then is shown directed as represented by
line 146 to 7    13                  EP 0 369 927 B1                14 



a driver-amplificatlon network shown at block 148. A  highest pulse
amplitude witnessed atline 186. Period- 12v power supply is provided from
the power supply  Ically, this information then is transmitted to the mi-
140 (Fig. 5B) as represented at line 150 which, as  crocomputer at block
176 as represented by line 190. shown in Fig. 6A, is directed to a probe
current net-  Representing a form of peak detector, the network is
workrepresented by block 152. Under microcomputer   5   sometimes referred
to as a "snapshot circuit". Also control as represented by line 154, the
network 152  produced from line 180, as at line 192 and block 194 develops
signals, for example, determining whether  is a buffer amplifier which will
provide at line 196 an the probe instrument 12 has been properly connect-
output representing received pulses which may be ed to the console 16.
Delivery of the 12 v power sup-  made available at the rearward portion of
console 16 ply for the preamplifier stage 44 is represented at line   10
for conventional radiation evaluation purposes. 156 as extending to the
driver amplifierfrom cable 14  Line 178 extends, as shown in Fig. 5B at
line 198, via line 158. Line 158 corresponds with the dad 46  to one input
of an upper window comparator repre- described in conjunction with cable 14
in Fig. 2.  sented at block 200 and a lower window comparator Ground to the
instrument 12 also is developed  illustrated at block 202. The threshold
level for com- from the power supply block 140 as represented at  15
parative purposes employed by the network at block line 160 shown in Fig.
5Aas extending to cable 14 and  202 is shown asserted from line 204 and,
preferably, via line 162 to the instrument preamplification compo-  is
developed by the logic of microcomputer network nents 44. Line 162
corresponds with the earlier-de-  176 at a level just above the noise
amplitude signals scribed dad at 48 in Fig. 2.
generated from line 184. Manual setting of such win- The output of the
preamplification circuit 44 is  20  dows can be carried out. In similar
fashion, the upper represented at line 164 extending through the cable
window of acceptance forvalid gamma ray interaction representation 14
corresponding with the earlier-de-  Is established from a corresponding
line 206. This scribed line 54 in Fig. 2. Line 164 extends from the
threshold setting may be made from the Information cable 14 as line 166 to
the Input of a normalizing am-  taken from pulse acquire network 188.
plifier represented at block 168. The network repre-  25  Returning to Fig.
5A, the upperwindow and lower sented by block 168 functions to amplify or
attenuate,  window threshold selections are made underthe con- i.e. scale
the noise characteristic of any given instru-  trol of the microcomputer
network at block 176 as ment 12 and normalize the value thereof or render
It  controlled from the digital-to-analog network shown consistent for
later comparison stages. Generally, for  at block 170. It is the
characteristic of such networks example, the 27 kev energy level gamma ray
gener-  30  as at block 170 to provide an output which is com- ated pulses
in the system will be about five times  prised, for example, of 256 steps
of varying ampli- higher than noise levels. Normalizing amplifier net-
tude. The percentage of incrementation from step-to- work 168 will
establish those noise levels at some  step will vary somewhatoverthe range
of voltage val- predetermined level, for example, 200 millivolts and  ues
provided. Accordingly, the outputs from this con- the resultant
proportional valid gamma related pulses  35  version network at block 170,
as at lines 208 and 210 will become about one volt high for purposes of
ensu-  are directed to squarernetworks shown, respectively, Ing comparison
functions. It may be observed that the  at blocks 212 and 214. These
networks function to amplifier network at block 168 is shown controlled
convert the outputs at lines 208 and 210 utilizing a from a
digital-to-analog converter network represent-  squaring procedure,
providing a voltage squared sig- ed at block 170 via line 172. Network 170,
in turn, is  40  nal at lines 204 and 206. controlled from line 174
extending, as shown in Fig.   Returning to Fig. 5B, the outputs of the
compar- 5B, to block 176 representing a microcomputer net-  ator networks
shown at blocks 200 and 202 represent work. The normalized output developed
from network  candidate pulses which may be above or below the 168 is
presented along lines 178 and 180 to a noise  given thresholds and are
identified as being present- averagercircuitas represented at block 182.
This net-  45  ed as a VUW pulse" and an "LW pulse" along respec- work 182
determines an average amplitude value for  tive lines 216 and 218. These
lines are shown directed the noise of a given system with a given
instrument  to a real time pulse discriminator network represent- 12 and
provides a corresponding signal as represent-  ed at block 220 which
carries out Boolean logic to de- ed at line 184 (noise amp) which is
employed as    termine the presence or absence of valid pulses. Va-
above-described as information used by the micro-  5o  lidated pulses are
introduced to the microcomputer computer 176. This Information, in addition
to being  network 176 as represented by line 222. employed with the
normalizing amplifier network rep-  The microcomputer represented at block
176 resented at block 168 may be used to develop a low  performs under a
number of operational modes to window valuation for the comparison
function.      provide both audio and visual outputs to aid the sur- Line
180 also extends via line 186 to a Pulse Ac-  55   geon in locating and
differentiating tumorous tissue. quire network represented at block 188.
This network  In the former regard, as represented at line 224 and
functions, when activated by the microcomputer rep-  block 226, a volume
control function may be asserted resented at block 176, to acquire the
value of the  with amplitude variations controlled from a solid-state 8
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form of potentiometer as represented at line 228 and  which are employed in
programing the system. Fur- block 230. Further, a siren' type of frequency
input  ther, the microcomputer may be employed to monitor signal may be
asserted as represented at line 232 to  the performance of the power supply
represented at an audio amplification circuit represented at block 234
block 140. This Is shown being carried out by the in- for driving a speaker
as represented at 236 and line   5   teraction of the microcomputer network
with a multi- 238. With the noted siren arrangement, the frequen-  plexer
represented at block 262 and having an asso- cy of outputs from speaker 236
will be seen to be con-  ciation represented by arrows 284 and 266. It may
be trolled under an elaborate program designed to max-  observed that the
power supply also provides +Sv imize the surgeon's ability to pinpoint
cancer sites  sources for the logic level components of the circuit and
other regions of enhanced radiation activity de-  lo  as represented by
line 268; a -5v source at line 270, pending upon the subject matter being
treated. Of  as well as a -9v reference at line 272 for display 26 course,
conventional clicks and beeps can be provid-  drive and, finally,a 2.5 v
reference as represented at ed at the option of the operator.
Microprocessor 176  line 274 to provide reference input to analog
circuitry. may  be provided, for example, as a type             Returning
to Fig. 5B, the microcomputer network MC68HC11A8 marketed by Motorola, Inc.
This single  i5  as represented at block 176 also provides an input to chip
microcomputer employs HCMOS technology and   the digital-to-analog
conversion network represented includes on chip memory systems Including 8K
byte  at block 170 which corresponds with the instantane- ROM, 512 bytes of
electrically erasable programma-  ous pulse rate and this information is
conveyed to a ble ROM (EEPROM) and 258 bytes of static RAM.     pulse rate
amplifier network represented at block 276 The device also provides on-chip
peripheral functions  20  via line 278. The resultant output as represented
at Including an eight channel analog-to-digital (A/D) con-  line 280 may be
provided, for example, at the rear of verter, a serial communications
interface (SCI) sub-  the console 16. This circuit represented at block 276
system and a serial peripheral interface (SPI) subsys-  also may be
employed to generate a calibrating pulse tem. A pulse accumulator also is
provided which can  for testing the downstream components of the sys- be
used to count external events (gamma ray related   25  tem. Thus, the
microcomputer applies a predeter- pulses) in an event counting mode.
mined pulse level through the digital-to-analog con- Microcomputer network
176, as represented by  version network at block 170 for presentation to
the arrow 240 and block 242 also addresses an Input-out-  amplifier network
represented at block 276. The re- put networkwhich, as represented at arrow
244, func-  sultant output at line 282 is selectively switched as tions to
provide a pulse count output of varying types  3o  represented by block 284
to define pulse width from as well as outputs represented volume levels,
pulse  the microcomputer input at line 26 to the calibrating height, noise
levels and battery status. Visual readout  pulse at line 288. is
represented In Fig. 5B as a block with the same dis-  Referring to Fig. 6,
a diagrammatic represents- play 26 numeration as described in conjunction
with  tion of the operational functions associated with the Fig. 1.
Similarly, the input-output function represent-  35  principal keys or
switches at keyboard 30 as descri- ed at block 242 provides appropriate
scanning of the  bed in conjunction with Fig. I are provided. In partic-
keyboard or switches described in conjunction with  ular, the functions
associated with the principal keys Fig. I at 30 and represented by the same
numeration  or buttons 34, 35, 37, and 38 are revealed. The count in Fig.
5B. During the counting operation, the micro-  mode key 34 is seen to
incorporate two principal computer network 176 functions to control a light
40  forms or modes of counting as represented at blocks emitting diode
drive network represented by block  300 and 302. As labeled in block 300, a
count rate is 246 from line 248. The drive network represented at
available in counts per second. The derivation of this block 246 is shown
providing an input, as represented  count rate will be seen to be one
wherein a selective by line 250 to the dual LED display as described at 28
weighting of count information is carried out. Addition- In Fig. 1 and
represented in block form with the same   45  ally, as represented in block
302, successive actua- numeration. This readout provides a red light when a
tion of the up/down arrow key 39 and 40 will permit gamma ray is detected
and a green light during the  the operator to select intervals of counting
ranging counting procedure in general. A serial output port of  from one
second to 100 seconds. Selection of opera- conventional variety also Is
provided on the console  tion as represented in blocks 300 and 302 Is by
suc- 16, such ports being represented at block 252 being  50  cessive
actuation of the key 34. The timed counts addressed from the microcomputer
at block 176 from  which are displayed a display output 26 may be reset
line 254 and having output and input components rep-  to initiate counting
by depressing the reset count resented by arrow 256. A real time
dock-calendar  switch 36 as shown in Fig. 1. In general operation, the
having a non-volatile memory also may be provided  counting function will
default to a count rate arrange- in conjunction with the functions of the
microcomput-  ss   ment as represented at block 300. er network 176 as
represented by block 258 and ar-   Sound key 35 may be actuated as
represented at row 260. This memory includes a battery backed up  block 304
to provide a 'click' type sound familiar to 8K byte RAM facility as well as
32K byte EPROM    Geiger counters and the like, a "beep" sound, a tone 9
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as represented by the term usiren ora muting orturn-  high and low squelch
level differential, a highly desir- Ing off of the sound. These options are
elected by suc-  able consistency of performance is achieved. Specif-
cessive actuations of key 35. Additionally, the noted  ically, when the
average count rate is below the lower up/down arrows 39 and 40 may be used
to adjust vol-  squelch setting no sound is produced. When the aver- ume of
the sound output.                       5   age count rate is between the
lower and upper The squelch button 37 Is employed by the practi-  squelch
setting the pitch of the sound increases with tioner to automatically
adjust the system to the back-  count rate. Above the upper squelch setting
a nearly ground radiation emanating from a given patient. As  continuous
sound is produced. noted earlier, this background value will vary from pa-
The calibration button or switch 38 is seen, as tient to patient and organ
to organ. As outlined in block   io  represented at block 308, to provide a
menu approach 306, typically, the surgeon positions probe 12 at a  to
carrying out a variety of calibration procedures. In predetermined location
on the body to carry out a  this regard, as represented in block 308, room
noise background evaluation. Forexample, the probe 12 of-  may be evaluated
where desired, a standard calibra- ten is positioned In the region of the
heart or aorta to  tion may be carried out, and a grouping of options
obtain a representative background count Once so   15   may be selected.
Access into the menu driven calibra- positioned, the reset count switch or
button 36 is ac-  tion procedure is provided by actuation of the up- tuated
and the control system acquires a background  /down arrow keys 39 and 40 as
represented at block count value with respect to the patient over a five
see-  310. With respect to room noise, as represented at ond interval. The
information so developed is then  block 312, a shield or noise calibration
fixture may be used to generate upper and lower squelch threshold  20
employed to avoid erroneous calibration that might values in accordance
with a range selection made by  result from a nearby source of radiation.
Prompts are actuation of switch or button 37 and selected as. high,
provided at display 26 during the course of this pro- medium, or low. For a
high range selection, the ratio  cedure. Block 314 represents a standard
calibration between the squelch high threshold and squelch low  arrangement
wherein detector effectiveness may be thresholds is at 1.5:1. Similarly, a
medium range is at  25  tested with a check source, for example carrying a
3:1, while a lowrange is at4:1. Operation in this man-  small amount of the
isotope 1129. ner also automatically elects a siren form of sound   The
options available in setting the system up which is developed from a
tabular organization of fre-  also are available as represented at block
316 by ac- quencies ranging from 60 Hz to 3500 Hz. Thus, for a  tuation of
the calibration key or button 38 and the up- high range selection, the
surgeon essentially is ap-  30  /down buttons 39 and 40as represented at
block 318. prised of the presence of cancer or a non-presence  Thus, the
gain of the system may be set as represent- of cancer inasmuch as the
entire frequency range Is  ed at block 320, voltage bias asserted at the
crystal between very narrowlyspaced squelch threshold 1ev-  58 may be
adjusted as represented at block 322. An els. In the event the reset count
switch 36 is not ao-  analog output provided at the rear of the console or
tuated within seven seconds, the system reverts to a   35  housing 16 may
be provided as represented at block normal count mode employing the siren
sound effect  324 and the noted upper and lower window compar- with a count
rate in counts per second associated  ator levels as described in
conjunction with Fig. 5B at therewith as represented at block 300.
respective blocks 200 and 202 may be adjusted as Because of the intensity
of mental concentration  represented at block 326. Finally, the time of day
as on the part of the surgeon during the major forms of  40   well as the
calendar date may be adjusted by the op- surgery with which the instant
system is employed, it  erator as represented by respective blocks 328 and
is necessary that the audible information, i.e. cuing  330. supplied by the
system be as reliable and informative  Looking to Fig. 7, the general
visual readout pro- as possible. Because of the unusual randomness of
vided from display 26 Is Illustrated in a functional man- the radiation
encountered In this form of procedure,  45  ner. Numeric data such as count
Information Is provid- the rate of audible reporting of count rates is
confined  ed within the boundary represented at 332, while a within slew
rate limits. Additionally, the system will re-  selected count mode such as
rate or time counts is ject count rates falling momentarily above and below
displayed at the region represented at 334. The type a predetermined level
In order to be able to recover  sound selected such as siren or the like as
descibed quickly from a software standpoint from aberrational  5o  at block
304 is displayed at region 336 along with cal- count rate excursions.
Without such control techni-  ibration option information and the like. A
general bar ques, the surgeon may otherwise be called upon to  graph which
provides relative information as to vol- wait in the course of a surgical
procedure for a period  ume, probe bias rates and so forth is developed
with- of up to, for example, two seconds for a recovery of  in the boundary
338, while the extent of battery de- the system to occur. Also important is
the develop-  55   pletion is represented in bar graph form at boundary
mentof a uniformity of sound outputfora given probe  340. A relative
representation of upper and lower win- scanning situation. By employing a
tabular retained  dow levels as described In conjunction with blocks
sequence of frequencies which operate within the   200 and 202 is provided
by tick marks associated with 10    19                  EP 0 369 927 B1
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the respective letters U and L as shown generally in  extending from node
400 to line 398 to represent an conjunction with boundary 342. This same
boundary  infinite loop form of ending to assure maintenance of also
displays pulse height as a narrow bar while noise  routine alignment during
shut-down. level is represented by a wider representation, the   Assuming
that the off button was not actuated, combined bar chart being represented
at 344.  6   then as represented at line 404 and block 406, the Ageneral
program under which the microproces-  program determines whether the reset
count switch sornetwork 176 performs is represented in flowchart  36 of
console 16 has been depressed. This switch is format in figures 8Aand 8B.
Referring to the latterfig-  an actuator which commences a given count se-
ure, the start of the main program is represented at  quence from an
initial or zero level. In the event that node 350 which is shown directed
via line 352 to the   1o  the reset count button 36 has been actuated, then
as self-diagnostic and initialization procedures repre-  represented at
line 408 and block 410, the data count sented at block 354. Following such
initialization, as  is reset to zero, the LED 28 on console 10 is energ-
represented at line 356, the program proceeds to dis-  ized or illuminated
to a green color and a collecting play screen information to the operator
as represent-  mode for data ensues. Additionally, an IO bit update ed at
block 358. This information Is introductory, for  15  is provided at a
terminal (not shown) at the rear panel example representing a salutation,
copyright notice,  of console 10 is provided. The program then contdn- and
the like. As represented atline 360 and block 362,  ues as represented at
line 412. the program then determines whether or not a key or   In the
event that no reset count button 36 actua- switch button within the
keyboard 30 has been de-  tion has been observed, then as represented at
line a    pressed. In the event that it has, then as represented   20  414
and block 416, switch information Is saved and at line 364 and block 366,
thatswitching action Is dealt  the program continues as represented at line
418 to with In terms of a user interface activity wherein the  the inquiry
at block 420 to determine whether It is ap- screen 26 is updated, proper
modes are selected, and  propriate to update the display 26 and real time
clock the like. As represented at line 368, the program then  information.
Also associated with line 418 is path line commences performance in
conjunction with a se-  25  422from block 384 showing thatthe
programrdefaults quence of real time interrupts which occur, for exam-  to
this position in the event that no valid switch actua- ple, at a rate of 50
times per second. Thus, the pro-  tion has been detected. Additionally,
line 412 from gram continues as represented at line 370 to the in-  block
410 is shown entering the program at line 418. quiry at block 372 wherein a
determination Is made as  In the event that the appropriate timing is at
hand to to whether the time has arrived for the occurrence of  30  update
the rear time information, then as represented a real time Interrupt. Note,
additionally, that with a  at line 424 and block 426, the real time dock is
updat- negative determination at block 362, this same Inqui-  ed, the
lapsed counting time is updated, and the LED ry at block 372 is carried out
as represented at line  28 and I/O bits are altered as required. Following
such 370. In the event that a real time interrupt is to occur,  update, as
represented at line 428, the program re- then as represented at line 374
and node 376, the   35  turns to line 430 also representing a determination
commencement of the main Interrupt, real time" ac-  that time for updating
has not occurred as developed tvities ensues. As represented at line 378
and block  at the inquiry at block 420. 380, the interrupt driven routine
of the program initial-  Returning momentarily to the inquiry at block S>
ly saves register Information and then, as represent-  372, where the time
for a real time interrupt is not at ed at line 382 and block 384, carries
out a test as to  40  hand, a shortsubroutine forsound generation may be
whether the key Information obtained is valid. For ex-  called. Thus a
negative determination at block 372 ample, a key In general Is required to
be pressed for  leads as represented at line 432 to the inquiry at block 20
milliseconds for validity of input. In the event of an  434 to determine
whether or not a time for generating affirmative response, as represented
at line 386 and  a sound has occurred. In the event that it has, then block
388, a filtering function is carried out to deter-  45  as represented
atline 436 and block 438, the program mine whether or not the off switch 33
has been de-  enters a 'sound generations sub routine developing a pressed.
In that event, then there is no rationale for  component for the generation
of a requisite sound continuing with the active program. Thus, assuming
element to activate speaker 236 (Fig. 5B). that the off button has been
depressed, as represent-  The sound generation technique employed by ed at
line 390 and block 392, a checksum is prepared   50  the program is one
wherein a binary signal is gener- to assure that the data In memory are
valid and the  ated at a given output port at a rate developing an ap-
information then is saved in nonvolatile memory    propriate squarewave
frequency which, in turn, is by RAM (Block 258), it being recalled that the
micropro-  the hardware represented at Fig. 5B filtered to re- cessor
employed at 176 has 512 bytes of such non-  move harshness otherwise
occasioned by the har- volatile memory. The program then proceeds, as rep-
55   monics involved prior to the driving of speaker 236. resented at line
394 and block 396 to turn off the sys-  Looking to Fig. 9A, a schematic
representation of the tem, whereupon as represented at line 398 and node
occurrence of such interrupts is represented in gen- 400, the Interrupt
routine Is ended. Loop 402 is shown  eral at squarewave curve 450,
exemplary interrupt    21                 EP0369927B1
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Turning to Fig. 9B, the subroutine is portrayed as en-  of reset count
button or switch 36, as represented at tering from node 452 as represented
at block 454.  line 496 and block 498, the subroutine defaults to the Curve
450 reveals that the interrupt occurs twice as  siren form of sound output
and, as represented at fast as the frequency output generated. As a first
step   6   block 500, a count is carried out to determine back- In this
short routine, a free running counter timer of  ground rate for a period of
five seconds. Following the microprocessor network is read as represented
at  this five second count procedure, as represented at block 456. To this
value extant at the free-running  block 502, a basic background count rate
is devel- counter timer a reload value is added and, as repre-  oped from
the background count by dividing the total sented at block458, an output
compare registerof the  lo  count by five seconds to derive a counts per
second microprocessor network 176 then seeks to compare  valuation. The
subroutine then computes a reference the value at the free running counter
timer with the  deviation of the count rate developed at block 502 as
summed value Including the reload value. When     represented at block 504.
This reference deviation is equivalency occurs as determined by the output
com-  computed as twice the square root of the count rate. pare register,
an interrupt is carried out and, as rep-  15  The reference deviation then
is added to the comput- resented at block 460, the interrupt register is
reini-  ed count rate as represented at block 506 to develop tialized. The
short subroutine then ends as represent-  a basic background count rate
identified as 'squelch ed at node 460. As an example of the technique em-
low" which is submitted to memory. As described in ployed, where it is
desired to generate sound at a fre-  conjunction with block 306 in Fig. 6,
the surgeon may quency of I Klz and the system dock occurs at 1   20
select a range value for deriving a squelch high count MHz, the reload
value will have been established to  rate based upon the computed squelch
low value. In generate two interrupts per cycle or 2,000 interrupts  this
regard, the subroutine is seen to progress as rep- for each 1,000 Hz. The
reload value to achieve this  resented at line 508 to the query posed at
block 510 then is the result of dividing 1 MHz by 2,000 ora value
determining whether a high range has been elected. of 500. Thus, each
interruptwill occurevery500 dock  25  This range provides for a squelch
high value which is cycles of the system clock. This short subroutine is
1.5 times the squelch low value. When so elected, the employed for all
audible outputs of the system, includ-  siren type sound generation will be
selected from a Ing the noted siren sound, "clicks" as well as "beepsu.
look-up table wherein frequencies will range from a As shown In Fig. 8A,
following the completion of  low of about 60 Hz to a high of about 3500 Hz
for that the sound generation routine, as represented at line  3o  range
extant between the squelch low value and 462, return node 464 and line 466,
a return condition  squelch high value. In practical effect, the higher
fre- ensues, the instant subroutine being called upon of-  quency will be
heard by the surgeon at such time as ten in the course of the main program.
the probe 12 is moved adjacent tissue carrying a Returning to blocks 420
and 426, line 428 is seen  marker. This is a form of cancer present versus
can- extending to the inquiry represented at then as rep-  35  cer not
present "binary" audio cuing which has been resented at line 468 and block
470 in Fig. 8B where,  found to be desired by surgical practitioners. Thus,
in a determination is made as to whether the squelch  the eventthata
squelch high is elected, as represent- key 37 on console 10 has been
actuated. This key Is  ed at line 512 and block 514, the squelch high value
employed for the purpose of establishing background  is developed as the
squelch low rate times 1.5. The levels in a patient by, for example,
placing the probe  40  program then continues as represented at line 516 to
12 adjacent a predetermined body region, for exam-  the junction
represented at node 518. pie the heart or aorta. The form of ranging or
calibra-  In the event that the squelch high range is not tion carried out
is particularly Intend for use with the  elected to provide a negative
response to the query siren form of audible cuing. In the event that the
at block 510, then as represented at line 520 and squelch key or button 37
has been actuated, then as  45  block 522, an inquiry Is made as to whether
the represented at line 472 and block 474 a squelch cal-  squelch low range
has been elected by actuation of Ibration subroutine is entered.
switch or button 37. In the event that it has, then as Referring to Fig.
10, this subroutine Is illustrated  represented by line 524 and block 526,
the squelch as entering at node 480 and, as represented at line  high range
is computed as the product of the squelch 482 and block 484, an inquiry is
made as to whether  so  low rate times 4. The subroutine then continues as
the reset count button 36 has been actuated. In the  represented by lines
528 and 530 to the junction point event that it has not, then as
represented at line 486  node 518. Where the Inquiry at block 522 is In the
and block 488, a determination is made as to whether  negative, then a
medium range has been elected and seven seconds has elapsed. In the event
that it has,  as represented by line 532 and block 534 a squelch then the
exit is made from the subroutine as repre-  as   medium range is computed
by multiplying the squelch sented at line 490 and exit node 492. During the
sev-  low rate times a factor of 3. The program then contin- en second time
out, as represented at line 494 extend-  ues to junction node 518 as
represented at line 530. ing to line 482, a delay loop is executed awaiting
the  From node 518, as represented at block 536, the dif- 12    23
EP 0 369 927 B1                24 ference between the squelch high computed
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and squelch low computed value is cortputed and   sented by lines 580 and
570. identified as "squelch difference". The routine then  Where the
determination at block 564 is in the computes a value of 'squelch delta" as
represented at  negative, then as represented by line 582 and block block
538which isthe computed valueforsquelch dif-   5   584, a siren type sound
may be elected. In the event ference divided by a predetermined rate limit
value,  that the siren form of sound is not chosen, then as here selected
as 25. In this regard, by selecting the  represented by lines 586 and 570
the program con- latter value for division, and considering an update of
tinues. However, in the event that the siren form of rate 50 times per
second forthe program, a possible  sound is being utilized, then as
represented by line range from lowest tabular developed frequency to  io
588 and block 590, a siren generation routine is car- highest tabular
developed frequency becomes about  ned out. one-half second. In effect, a
slew rate limit is comput-  The siren form of sound generation employs the
ed representing change in rate over change In time or  earlier described
squelch delta values as well as the counts per second per second. This slew
rate limita-  upper and lowerslew limits to achieve an effective au- tion
improves the reliability and quality of the audible  1S  dible cuing for
the surgeon. Looking to Fig. 11, the cuing in siren mode, eliminating
frequency excursions  controls over sound output for the system at hand are
and the like which distract as opposed to aid the sur-  revealed in graphic
fashion in which count rate is plot- geon during the Intense concentration
of surgery. Be-  ted schematically against time. In the figure, the ac-
cause of the randomness of radiation encountered in  ceptable count rate is
shown by curve 600 to com- the surgical theater, the system also limits the
rates  20  mence at a lower slew limit below which the system which can be
computed by supplying a factor to the  will not compute count rate. Above
that value, as lab- squelch high and squelch low valuations. As repre-
elled 'squelch low', the system will commence to cre- sented at block 540,
these upper and lower slewing  ate sound from the earlier-noted table
contained limits are computed, for example, as being 10% above  range of
sounds which are employed from a low entry and below the respective squelch
high and squelch  25  developing about 60 Hz to a high entry developing low
values. The value for squelch delta as well as the  about 3500 Hz, about
500 table entries being incorpo- noted slowing limits then are stored In
memory as rep-  rated between those two limits. The squelch high lev-
resented at block 542 and the subroutine is complet-  el also is labeled in
the graph as well as the upper ed as represented at node 544.
slew limit above which count rates are not computed. Returning to Fig. 8B,
the squelch calibration sub-  30  The slope of curve 600 represents the
maximum routine is shown to return to the program as repre-  change of
frequency with time and, accordingly, the sented by line 550, return node
552 and line 554 ex-  region represented at 602 is that wherein variable
tending to line 556. In the event that the squelch key  sound can be
developed. Above the squelch high lev- or button 37 has not been actuated
as represented at  el, the sound is continuous. block 470 and the latter
line 556, the program then in-  35  Turning to Fig. 12, the sound
generation routine quires as to what form, if any, of sound cuing election
is shown commencing in conjunction with block 610 has been made by the
operator as represented at  which identifies the siren generation as
occurring at block 558. If such an election is made, then as repre-  an
update rate of 50 times per second. The program sented at line 580 and
block 562, a determination as  commences with an acquisition of the noted
upper to whether a click type of sound is to be generated.  40  and lower
slowing limits as represented at block 612 Such a dick emulates the sound
typically heard in a  and as were computed as described In conjunction
conventional Geiger counter. In the event that a click  with block 540 of
Fig. 10. Upon acquiring these limits, type sound Is elected, then as
represented by line  as represented by line 614 and block 618, a determi-
564, and block 566, a click type sound will be carried  nation Is made as
to whether the computed count rate out. The dick sound is a macro routine
which serves  45  is lower than the lower slew limit. In the event that it
to generate, for example, a frequency of 1,000 Hz  is, then as represented
byline 818 and block 820, the over an interval of 20 milliseconds employing
a pr-  rate selected by the system is that of the lower limit determined
fixed reload value discussed in conjunc-  as earlier computed and acquired.
The program then tion with Fig. 9B. The program then continues as rep-
continues as represented by line 622. Where the resented by lines 568 and
570.               5o  computed rate is not lower than the lower slew
limit, Where a determination that a dick type sound  then as represented by
line 624 and block 626, a de- output has not been elected, then a
represented by  termination is made as to whether the computed line 572 and
block 574, a determination is made as to  count rate is greater than the
upper slew limit. In the whether a beep form of sound output has been
elect-  event that It is, then as represented at line 628 and ed. Where
that is the case, then as represented by  ss  block 630, thecountrate
selected isthatrepresenting line 576 and block 578, a macro routine is
called upon  the upper limit as discussed at block 540 In conjunc- to
provide a reload value for sound generation deriv-  tion with Fig. 10. The
program then continues as rep- ing, for example, an output a 1,000 Hz for
about 50  resented by lines 632 and 622. Where the inquiry at 13    25
EP 0 369 927 B1                26 block 626 Is In the negative, then as
represented by  an number between 0 and 0.999 which is submitted 



line 634 and block 636, a determination is made as to  to a shift register
and is then masked with respect to whether the computed rate is less than
the squelch  the lower bits by the hex value FFFE. The program low value.
Where that is the case, then as represent-  then continues to access the
reload value for sound .J ed by line 638 and block 640, no sound is
generated   5   generation as represented at block 688 and, following and
as represented by line 642 and node 644, the rou-  accessing the reload
value, represented at block 690, tine ends. Where the determination at
block 836 is  the sound generation routine as described in conjunc- that
the rate is not at a level below the squelch low  tion with Fig. 9B is
called. The routine then continues value, then as represented by line 646
and block 648,  as represented at block 692 to save the currently a
determination is made as to whether the computed   Yo  computed rate as the
previous rate valuation, where- count rate is greater than the squelch high
value. In  upon, as represented at node 694, the routine ends. the event
that it is, then as represented by line 650  Returning to Fig. 8B, the
return from the siren and block 652, the count rate Is made equal to the
generation routine as represented at block 590 is, in earlier-developed
squelch high value. The program  turn, depicted by line 696, node 698, and
line 570. then continues as represented at line 654 to carry out  15  Where
no sound election is at hand as determined in the Instructions represented
at block 656. Similarly,  conjunction with block 558, then as represented
at in the event of a negative determination with respect  line 700, the
program considers the inquiry repre- to the computed rate being greater
than the squelch  sented at block 702 wherein a determination is made high
value, as represented at line 658, the program  as towhetherthe display is
to be updated. Where that / also continues to the instructions represented
at  20  is the case, then as represented by line 704 and block block 656
wherein a rate delta is computed as the val-  706, the count rate is
calculated. Because of the ran- ue of the next previous rate selected less
the current  dom nature of the counts received, the select weight- rate.
This Is a commencement of the slew rate limita-  ing of predetermined
increments of counts received is tion as represented by curve 600.
Following a compu-  made as part of the rate calculation used in conjunc-
tation of rate delta, as represented at line 660 and   25  tion with sound
generation and the like. In effect, sim- block 662, a determination is made
as to whether the  pie averaging of counts over an interval of time, for
ex- absolute value of the earlier computed rate delta is  ample one-half
second or the like has been found to greaterthan the computed squelch
deltavalue. If that  require excessive time in order to acquire a proper is
the case, then a change In frequency would be  count rate average. Thus,
the weighting approach calledfor depending upon the presence of an increas-
30  representing in (he flow chart of Fig. 13 was devel- ing ordecreasing
countrate.Accordingly, intheevent  oped. In effect, the count rate is
calculated for each of an affirmative determination, as represented by  100
milliseconds and that rate then is stored in a rate line 664 and block 666,
a determination as to whether  queue which is constantly being updated. The
rate the rate delta Is less than or equal to zero is made. In  queue
carries about one-half second's worth of data the event that it is, then as
represented by line 688   35  or counts and these counts are weighted from
oldest and block 670 the rate selected is made equal to the  to newest and
the sum of the weighted counts then previous rate plus the squelch delta
value which will  is multiplied by a scaling factor. Fig. 13 shows the rate
permit a selection of a largervalue frequency, it being  calculation
subroutine as entering at block 720 and recalled that a negative rate delta
corresponds with  commencing with the instructions at block 722 such a
condition, Inasmuch as the current rate Is sub-  40  wherein the ten oldest
count entries are summed and tracted under the instructions of
above-discussed  given a weight of unity. The next rate summation is block
656. The program then continues as represent-  represented at block 724
wherein a next following five ed at line 672. Where the determination at
block 666  entries from 11 through 15 are summed and weighted is that the
rate delta is greater than zero, then as rep-  by a factor of 2. The
subroutine then proceeds to the resented by line 674 and block 676, the
selected   45  weighting approach shown in block 726 wherein the count rate
is made equal to the previous rate less then  nextfive entries representing
counts are summed and squelch delta valuation corresponding with a de-
weighted by a factor of four and finally, as represent- creasing frequency
output The program then contin-  ed in block 728 entries 21 through 25
representing the ues as represented by line 678.                   newest
count valuations are summed and weighted Returning to block 662, where the
absolute value   5o  by a factor of eight. The resultant total weighting
then of rate delta is not greater than the value of squelch  amounts to 80
for 25 counts. As represented at block delta, then as represented by line
680 and block 682,  730 the rate is calculated as the rate sum multiplied
the selected rate is made equal to the previous rate  by 518 which is the
equivalent of two times the rate. and the program continues as represented
by line 684  Inasmuch as the rate queue is representative of one- to carry
out an Index determination as represented at  55  half second in time, a
resultant output from the In- block 686. The index provides for access to
the noted  structions of block 730 provides a counts per second frequency
table and is computed as the rate selected  valuation. divided by the
squelch high value which will represent  Returning to Fig. 8B, upon
calculation of the rate 14    27                  EP 0369927 BI
28 as described in conjunction wih Fig. 13, and as rep-   application to
said indicator means (236). 



resented at line 740, the program then updates the display 28 as
represented by line 740 and block 742.  2. The system of claim I in which:
Generally, such updating occurs about five times per        said
perceptible indicator means (236) second. Following the update as
represented by line   5  provides an audible output in response to a drive
744, the program considers the instructions of block   signal of select
frequency; and 746. It may be observed that in the event a negative
said control means (176) includes memory response occurs with respect to
the inquiry at block   means for retaining a sequence of frequency val-
702, then the program proceeds as represented by       ues representing a
predetermined range of fre- line 748 and the noted line 744 to the
instructions at  10  quency signal from lowest to highest, and is re- block
746. Block 746 provides instructions to restore  sponsive to said
stabilized count rate value (730) registers and terminate the progam.
Accordingly, as    for accessing said memory means frequency val-
represented by line 750, the program returns to its    ues to generate said
drive signal in corespon- start at line 352.
dence therewith. Since certain changes may be made in the   15
above-described system, method and apparatus       3. The system of claim I
or 2 for detecting and lo- without departing from the scope of the
invention as   cating gamma radiation source concentrations at claimed, it
Is Intended that all matter contained in the  specific tissue regions of an
animal body further description thereof or shown in the accompanying
having a predetermined body region selectable drawings shall be interpreted
as Illustrative and not in  20  as emanating gamma radiation at background
a limiting sense.                                      level, in which:
said signal treatment means include: squelch mode activation means (37)
actu- Claims                                                 able for
deriving a squelch range calibration se- 25      quence and; 1. A system
for detecting and locating sources of           memory means for retaining
count rate gamma radiation within a region of interest, corm-  data;
prising:                                                 said control means
176 is responsive to a probe (12) movable from position to pos-    said
count signals derived when said probe is lo- ition within said region of
interest including:  30  cated at sald predetermined body region for de- a
housing having a forward portion (20)      riving a basic background count
rate (500) re- extending to a radiation window (18) positionable  sponsive
to said basic background count rate to in the vicinity of a said source;
derive a squelch low count rate (506) responsive detector means (58) within
said housing       to derive the product of said squelch low count for
deriving induced charges in response to gam-  35  rate and a predetermined
range value for deriving ma ray interaction therewith and providing corre-
a squelch high count rate (518), responsive to re- sponding output signals;
and                       tain said squelch low count rate and said squelch
transmission means (14) for transmitting      high count rate in said
memory means, respon- said output signals; and
sive subsequently to said count signals for deyv- signal treatment means
including:     40     ing said count rate signals, and for deriving said
energy level network means (200,202,          audible indicator input
signals at predetermined 220) for validating said output signals and derv-
frequencies corresponding therewith when said ing count signals in response
thereto; and per-    count rate signals exhibit a value intermediate
ceptible indicator means (236) for providing a per-  said memory retained
squelch low count rate and ceptible output;                           45
said squelch high count rate. characterized in that said signal treatment
means include:                                  4. The system of claim 3 in
which said signal treat- control means (176) responsive to said        ment
means control means (176) is responsive to count signals for deriving count
rate values which  derive a squelch difference value as the differ- are
entered into a continuously updated rate  5o   ence between said squelch
low count rate and queue from earliest to latest received represent-  said
squelch high count rate, responsive to divide ing a given period of
continuous sampling time,    said squelch difference value by a
predetermined said control means applying a weighting factor to  rate limit
time value to derive a squelch delta val- successively derived count rate
values within      ue (538) responsive to retain said squelch delta said
queue (722,724,726,728), said newest count  55  value In said memory means,
and responsive to rate values receiving an accentuated weighting
limitchange of said audible indicator Input signals factor and generating
from said weighted count     to correspond with changes of said count rate
rate values a stabilized count rate value (730) for  signals of value at
least equivalent to said mem-    27                  EP 0 369 927 81
28' I I!III1i ,iiI B M     !I* as described in conjunction wih Fig. 13, and
as rep-   application to said indicator means (236). resented at line 740,
the program then updates the 



display 28 as represented by line 740 and block 742.  2. The system of
claim 1 in which: Generally, such updating occurs about five times per
said perceptible indicator means (236) second. Following the update as
represented by line   5  provides an audible output in response to a drive
744, the program considers the instructions of block   signal of select
frequency; and 746. It may be observed that in the event a negative
said control means (176) includes memory response occurs with respect to
the inquiry at block   means for retaining a sequence of frequency val-
702, then the program proceeds as represented by       ues representing a
predetermined range of fre- line 748 and the noted line 744 to the
instructions at  so  quency signal from lowest to highest, and is re- block
746. Block 746 provides instructions to restore  sponsive to said
stabilized count rate value (730) registers and terminate the progam.
Accordingly, as    for accessing said memory means frequency val-
represented by line 750, the program returns to its    ues to generate said
drive signal in corespon- start at line 352.
dence therewith. Since certain changes may be made in the   15
above-described system, method and apparatus        3. The system of claim
1 or 2 for detecting and lo- without departing from the scope of the
invention as   cating gamma radiation source concentrations at claimed, it
Is intended that all matter contained in the  specific tissue regions of an
animal body further description thereof or shown in the accompanying
having a predetermined body region selectable drawings shall be interpreted
as illustrative and not in  20  as emanating gamma radiation at background
a limiting sense.                                      level, in which:
said signal treatment means include: squelch mode activation means (37)
actu- Claims                                                 able for
deriving a squelch range calibration se- 25      quence and; 1. A system
for detecting and locating sources of            memory means for retaining
count rate gamma radiation within a region of interest, com-   data;
prising:                                                 said control means
176 is responsive to a probe (12) movable from position to pos-    said
count signals derived when said probe is lo- Ition within said region of
interest including:  30  cated at said predetermined body region for de- a
housing having a forward portion (20)       riving a basic background count
rate (500) re- extending to a radiation window (18) positionable   sponsive
to said basic background count rate to in the vicinity of a said source;
derive a squelch low count rate (506) responsive detector means (58) within
said housing       to derive the product of said squelch low count for
deriving induced charges in response to gam-  35  rate and a predetermined
range value for deriving ma ray interaction therewith and providing corre-
a squelch high count rate (518), responsive to re- sponding output signals;
and                       tain said squelch low count rate and said squelch
transmission means (14) for transmitting      high count rate In said
memory means, respon- said output signals; and
sive subsequently to said count signals for deriv- signal treatment means
Including:     40      ing said count rate signals, and for deriving said
energy level network means (200,202,          audible indicator input
signals at predetermined 220) for validating said output signals and deriv-
frequencies corresponding therewith when said ing count signals in response
thereto; and per-     courit rate signals exhibit a value intermediate
ceptible indicatormeans (236) for providing a per-  said memory retained
squelch low count rate and ceptible output;                           45
said squelch high count rate. characterized in that said signal treatment
means include:                                  4. The system of claim 3 in
which said signal treat- control means (176) responsive to said        ment
means control means (176) is responsive to count signals for deriving count
rate values which  derive a squelch difference value as the differ- are
entered into a continuously updated rate  5o    ence between said squelch
low count rate and queue from earliest to latest received represent-   said
squelch high count rate, responsive to divide ing a given period of
continuous sampling time,     said squelch difference value by a
predetermined said control means applying a weighting factor to   rate
limit time value to derive a squelch delta val- successively derived count
rate values within       ue (538) responsive to retain said squelch delta
said queue (722,724,726,728), said newest count  5s  value in said memory
means, and responsive to raMe values receiving an accentuated weighting
limit change of said audible Indicator input signals factor and generating
from said weighted count      to correspond with changes of said count rate
rate values a stabilized count rate value (730) for  signals of value at
least equivalent to said mem-    29                 EP0369927 B1
30   I *  C   L  N         ! ory means retained squelch delta value.
quency values; providing said table of frequency values as 5. Asystem of
claim 3 or4 in which said signal treat-  a memory retained table of
frequency deriving 



ment means control means (176) is responsive to   values from lowest to
highest, and said squelch high count rate to derive a high rate   5
actuating said sound generator at said fre- limit of predetermined count
rate value greater   quencies as a function of said output signals; than
said squelch high count rate (540), and is re-    characterized by the
steps of sponsive to limit the value of said count rate sig-    positioning
said probe at said body region nals to said high rate limit so as to
enhance re-  and evaluating said output signals for a predeter- sponse
performance of said system.        10      mined interval (500) to derive a
squelch low back- ground count rate; 6. The system of claim 3,4 or 5 in
which said signal      deriving a squelch high count rate by mul- treatment
means (176) control means is respon-    tiplying said squelch low
background count rate sive to said squelch low count rate to derive a low
by a select range factor (518); rate limit of predetermined count rate
value less  15  deriving a squelch difference value as the than said
squelch low count rate (540), and is re-  difference between squelch low
background sponsive to limit the minimum value of said count  count rate
and said squelch count rate (536); rate signals to said low rate limit, so
as to enhance  deriving a slew rate limit as a squelch delta K>     the
response performance of said system.          value by dividing said
squelch difference value by 20      a predetermined time value (538); 7.
The system of anyone of the claims 3 to 6 in           positioning said
probe (12) at select loca- which:
tions of said tissue of said animal body and deter- said signal treatment
means (176) In-       mining previous and next count rates from result-
cdudes count mode activation means (36) actu-     Ing said output signals;
able for deriving a count rate mode when said  25      comparing said next
count rate with said probe is moved along said tissue regions; and
squelch low background count rate and accepting said control means (176) is
responsive to   said next count rate when its value is greater than said
actuation of said squelch mode activation    said squelch low background
count rate; means (37) and, subsequently, to said count
determining a rate delta value (656) as the mode activation means (36)
actuation to effect re-  30  difference between said previous and accepted
sponse to said count signals when said probe is   next count rates; located
at said predetermined body region.             comparing said rate delta
value with said squelch delta value (662-684) and accessing said 8. The
system of any one of the claims 3 to 7 in     table of frequency values in
correspondence with which said control means (176) Is responsive to  35  an
index value (686) representing a count rate de- said count signals derived
when said probe is lo-  rived as the sum of said previous count rate and
cated at said tissue regions for entering them into  said squelch delta
value (670) when said rate del- a continuously fed queue from earliest to
latest  ta value equals or exceeds said squelch delta val- received
representing a given Increment of conti-  ue to determine a said frequency
deriving value; nous sampling time, said control means effecting   4o  said
index value representing a proportion of said a select weighting (220-228)
of predetermined,    squelch high value; time defined increments of count
signals within        accessing said table of frequency deriving said queue
and generating said count rate signals  values with said index value for
said frequency (730) from said weighted count signal as stabi-   deriving
value; and ized count rate values.                   45           actuating
said sound generator (236) in correspondence with said frequency deriving
val- 9. The method for generating adible cuing signals    ue. locating
gamma radiation concentrating within tissue of an animal body, said body
having a re-  10. The method of claim 9 wherein said next count gion
selectable as emanating gamma radiation at  5o  rate is established as said
squelch high count rate background levels comprising the steps of:
when the value of said next count rate is greater providing a hand
manipular probe (12) as    than said squelch high count rate (652). claimed
in any one of the claims I to 8 movable about said tissue and generating
output signals In  11. The method of claim 9 or IO in which said squelch
response to gamma radiation Impinging thereon;  55  low background count
rate is derived (506) as the providing an audible sound generator
count rate of said outputsignals summed with the (236) actuable to produce
a cuing sound output at  value of a reference deviation thereof.
frequencies of value selected from a table of fre-    31                 EP
0 369 927 B1                 32      *   c    L  M   S  * 12. The method of
claim 9, 10 or 11 in which said pre-  zum h8chsten darstellt, und auf den
stabilisierten vious and next count rates are determined by se-
Zahlratenwert (730) anspricht, um auf die Spei- lectively weighting
(722-728) predetermined time  chereinrichtungsfrequenzwerte zuzugreifen und
defined increments of said output signals.        das Treibersignal
entsprechend denselben zu er- 



s      zeugen. Patentansprfiche                                  3. System
nach Anspruch I oder 2 zum Erfassen und Lokalisieren von
Gammastrahlungsquellen- 1. System zum Erfassen und Lokalisleren von Quel-
konzentrationen in spezifischen Gewebegebie- len von Gammastrahlung
innerhalb eines interes-  10  ten sines terischen Korpers, der weiter sin
vorbe- sierenden Gebietes, mit:                          stimmtes
K8rpergebiet hat, das als Gammastrah- einer Sonde (12), die innerhalb des
interessie-   lung mit Hintbrgrundpegel aussendend auswahl- renden Gebietes
von Position zu Position beweg-   bar ist, in welchem: die
Signalbehandlungsein- bar lst, mit
richtung aufweist einem Gehiuse, das einen vorderen Tel (20) hat,  15  esne
Squelch-Betriebsartaktiviereinrichtung (37), der sich zu einem
Strahlungsfenster (18) er-      die betitigbar ist, urn eine
Squelch-Bereicheich- streckt, das in der Nahe der Quells positionierbar
sequenz zu bilden, und ist;
eine Speichereinrichtung zum Festhalten von einer Detektorelnrdchtung (58)
innerhalb des Ge-  ZUhiratendaten; hauses zum Bilden von induzierten
Ladungen   20   wobei die Steuereinrichtung (176) auf die Zahisi- aufgrund
von Gammastrahlungswechselwirkung        gnale anspricht, die gebildet
werden, wenn die mit denselben und zum Liefern von entsprechen-    Sonde in
dem vorbestimmten Karpergobiet ange- den Ausgangssignalen; und
ordnet ist, um sine grundlegende Hintergrund- siner Obertragungseinrichtung
(14) zum Obertra-   zahlrate (500) aufgrund der grundlegenden gen
derAusgangssignale; und               25      Hintergrundzahirate zu bilden
und sine niedrige elner Signalbehandlungseinrichtung mit:
Squelch-ZAhlrate (506) zu bilden auf das Bilden elner
Energiepegelschaltungseinrichtung (200,     des Produkts der niedrigen
Squelch-Zahlrate und 202, 220) zum GOltigmachen der Ausgangssi-
eines vorbestimmten Bereichswertes hin, urn ei- gnale und zum Bilden von
ZAhisignalen aufgrund    no hohe Squelch-Z1hirate (518) zu bilden auf das
derselben; und                            30      Festhalten der niedrigen
Squelch-ZMhirate und einer Wahrnehmanzeigeeinrichtung (236) zum        die
hohe Squelch-Zahlrate in der Speicherein- Liefern sines wahrnehmbaren
Ausgangssignals;      richtung hin, um anschile~end aufgrund derZahl-
dadurch gekennzeichnet, daB die Signalbehand-     signale zum Bilden
derZahlratensignale und zum lungseinrichtung aufweist
Bilden der horbaren Anzeigeelngangssignale mit sine Steuerelnrichtung
(176), die auf die ZahIsi-  35  vorbestimmten Frequenzen, die ihnen
entspre- gnale anspricht, um Zahiratenwerto zu bilden, die  chen, wenn die
Z1ihiratensignale einen Wert zwi- in eine kontinuierlich aktuallsierte
Warteschlan-  schen der im Speicher festgehaltenen niedrigen ge ab dem
frOhestbns bis zum letzten empfange-    Squelch-Zihlrate und der hohen
Squelch- nen eingegeben werden, welche eine bestirnmte     Zahirato
aufweisen. Periode von ununterbrochener Abtastzeit dar-  40 stellt, wobei
die Steuereinrichtung oenen Gewich-  4. System nach Anspruch 3, in welchem
die Steuer- tungsfaktor mit aufeinanderfolgend gebildeton     einrichtung
(176) der Signalbehandlungseinrich- Zahiratenwerten innerhalb der Schlange
(722,      tung anspricht, um einen Squelch-Differenzwert 724,726,728)
verknfpft und wobei die neuesten     als die Differenz zwischen der
niedrigen Squelch- Zihiratenwerte eonen akzentuierten Gewich-  45
Zahirate und der hohen Squelch-ZUhlrate zu bil- tungsfaktor empfangen und
aus den gewichttten     den, anspricht, um den Squelch-Differenzwert
ZAhlratenwerten einen stabilisierten Zahiraten-   durch einen vorbestimmten
Ratengrenzzeitwert wert (730) zum Abgeben an die Anzelgeeinrich-     zu
dividieren, um eonen Squelch-Deltawert (538) tung (236) erzeugen.
zu bilden, anspricht, urn den Squelch-Deltawert 50     in der
Speichereinrichtung festzuhalten, und an- 2. System nach Anspruch 1, in
welchem:                spricht, um die Anderung der wahrnehmbaren die
Wahrnehmanzelgeeinrichtung (236) ein hor-     Anzelgeeingangssignale zu
andern, damit sie bares Ausgangssignal auf ein Treibersignal von
Anderungen der Zahlratensignale entsprechen, ausgewahiter Frequenz hin
liefert; und            deren Wert dem In der Spelchereinrichthng fest- die
Steuereinrichtung (176) eine Spebchereinrich-  ws  gehaltenen
Squelch-Deltawert im wesentlichen tung aufweist zurn Festhalten einer
Sequenz von   aquivalent Ist. Frequenzwerten, die einen vorbestimmten Be-
reich von Frequenzsignalen vom niedrigsten bis  5. System nach Anspruch 3
odor 4, in welchem die 17    33                 EP 0 369 927B1
34       *  C   L  N   S  1 Stbuereinrichtung (176) der Signalbehandlungs-
Bereitstellen einer von Hand betftigbaren Sonde einrichtung auf die hohe
Squelch-Zahlrato an-     (12), wle sie in einem der Ansprflche 1 bis 8 be-
spricht, urn enen hohen Ratengrenzwert eines      ansprucht Ist, welche um
das Gewebe bewegbar vorbestimmten Zahiratenwertes zu bilden, der      ist
und aufgrund von auf sie auftreffender Gam- gr6Ber als die hohe
Squelch-ZIhrate (540) ist,   5  mastrahlung Ausgangssignale erzeugt; 



und anspricht urn den Wert derZahlratensignale    Bereitstellen eines
akustlfchen Tongenerators auf den hohen Ratengrenzwert zu begrenzen,
(236), der betatigbar ist, um ein Hinweistonaus- um so das
Ansprechverhalten des Systems zu        gangssignal be! Frequenzen zu
erzeugen, deren verbessern.                                       Wert aus
einer Tabelle von Frequenzwerten aus- 10      gewahIt wird; 6. System nach
Anspruch 3, 4 oder 5, in welchem       Erstellen der Tabelle von
Frequenzwerten als ei- die Steuereinrichtung der Signalbehandlungsein-   ne
im Speicher festgehaltens Tabelle von Fre- richtung (176) auf die niedfige
Squelch-ZAhirate  quenzen, deren Werte vom niedrigsten bis zum anspricht,
um eonen niedrigen Ratbngrenzwertei-   h8chsten reichen; und nes
vorbestfmmten Zahiratenwertes zu bilden,  15  Betltigen des Tongenerators
be! den Frequen- der kieiner als die niedrige Squelch-Zahirate     zen ala
sine Funktlon der Auagangssignale; (540) lst, und anspricht, um den
Mindeetwert der  gekennzelchnet durch die Schritte: Zahlratensignale auf
den niedrigen Ratengrenz-    Positionieren der Sonde in dern Krpergebiet
und wert zu begrenzen, um so des Ansprechverhal-       Auswerten der
Ausgangesignale fOr ein vorbe- ten des Systems zu verbessern.            20
stimmtes Intervall (500), urn eine niedrige Squelch-Hintergrundzdhlrate zu
bilden; 7. System nach einem derAnspriche 3 bis 6, in wel-    Bilden einer
hohen Squelch-Zdhirate durch Mul- chem:
tiplizieren der niedrigen Squelch-Hlntergrund- die
Signalbehandlungseinrichtung (176) sine       zihirate mit einem
ausgewahIten Bereichsfaktor Zahlbetriebsartaktiviereinrichtung (36)
enthalt,  25  (518); die betatigbar ist, um sine Zahlratenbetriebsart
Bilden sines Squelch-Differenzwertes als Diffe- zu bilden, wenn die Sonde
langs der Gewebege-     renz zwischen der niedrigen Squelch-Hinter- blets
bewegt wird; und                            grundzAhirate und der
Squelch-Zlhirate (536); die Steuerelnrichtung (176) auf die Betatigung
Bilden sines niedrigen Anstiegsratengrenzwer- der
Squelch-Betriebsartaktlviereinrichtung (37)  30  tes als einen
Squelch-Deltawert durch Dividieren und anschile~end auf die BetAtigung der
ZahIbe-   des Squelch-Differenzwertes durch eonen vorbe-
triebsartaktvlereinrichtung (36) anspricht, um sin  stimmten Zeitwert
(538); Ansprechen auf die Zihisignale zu bewirken,        Positionieren der
Sonde (12) an ausgewahiten wenn die Sonde in dem vorbestimmten K8rperge-
Stelien des Gewebes des tisrischen Korpers und blet angeordnet ist.
35      Bestimmen von vorherigen und nachsten Zahira- ten aus dem Resultat
der Ausgangssignale; 8. System nach elneni derAnsprulche 3 bis 7, In wel-
Vergleichen der nachsten Zahirate mit der nledri- chem die
Steuereinrichtung (176) auf die Zahisi-  gen Squelch-Hlntergrundzahlrate
und Akzeptie- gnale anspricht, die gebildet worden, wenn die    ren der
nAchsten Zahirate, wenn ihr Wert grober Sonde in den Gewebegebboten
angeordnet ist,  40   ist als die niedrige Squelch-Hintergrundzahirats; urn
sie in eine kontinulerfich versorgte Schlange  Bestimmen sines
Ratendeltawertes (656) als Dif- von dem fruhestens bis zurn letzten
empfange-     ferenz zwischen der vorherigen und der akzep- non einzugeben,
die sin bestimmtes Inkrement      tierten nAchston ZAhirato; von
kontinuierlicher Abtastzelt reprasentlert, wo-  Verglelchen des
Ratendeltawertes mit dem bei die Steuereinrichting sine ausgewahite Ge-  45
Squelch-Deltawert (662-684) und Zugreifen auf wichtung (220-228) von
vorbestimmten, zeiilich    die Tabelle von Frequenzwertsn entsprechend
definberton Inkrernenten von Zghisignalen Inner-  einem Indexwert (686),
der eine ZAhirmte dar- halb der Schlange bewirkt und die Zihiratensi-
stellt, die als die Summe dervorherigen Zghirate gnale (730) aus den
gewichtsten Zdhisignalen      und des Squelch-Deltawertes (670) gebildet
als stabillsierte ZAhiratenwerte erzeugt.  50     wird, wenn der
Ratendeltawert gleich dern Squelch-Deltawert ist odor diesen Obersteigt, um
9. Verfahren zum Erzeugen von h8rbaren Hinweis-        inen
Frequenzbildungswert zu bestimmen; wo- signalen, die Gammastrahlung
lakalisieren, wel-   be! der Indexwert einen TeOl des hohen Squeic che sich
Innerhalb des Gewebes sines tierlschen   h-Wertes reprasentiert; Korpers
konzentriert, wobei der K6rper sin Ge-  55  Zugreifen auf die Tabelle von
Frequenzbildungs- blet hat, des ale Gammastrahlung mit Hinter-      werten
mit dem Indexwert fiir den Frequenzbii- grundpegeln aussendend auswAhlbar
ist, bein-      dungswert; und haltend die Schritte:
BetAtigen des Tongenerators (236) entsprechend 18    35                 EP
0 369 927 B1                36               1111 dem Frequenzbildungswert.
une valeur de cadence de coups stabilisee (730) en vue de son application
au moyen indicateur 1Q. Verfahren nach Anspruch 9, wobei die nachste
(236). ZAhIrate als die hohe Squelch-Zahirate gebildet wird, wenn der Wert
der nachsten ZAhlrate gro-   5   2. Systbme suivant la revendication I
caracterlse 



Ber als die hohe Squelch-Zahlrate (652) !st.      en ce que le moyen
indicateur perceptible (236) fournit une sortie audible en reponse A un
signal 11. Verfahren nach Anspruch 9 oder 10, bel welchem   d'attaque ayant
une frequence selectionnee et Is die niedrige Squelch-Hintergrundzahlrate
gebil-   moyen de commando (176) comporte une me- det wird (506) als die
Zahlrate der Ausgangssi-  lo  moire pour conserver une sequence de valeurs
gnale summiert mit dem Wert einer Referenzab-     de frequence representant
une plage pred6termi- weichung derselben.                               nee
de signaux de frequence, allant de la fre- quence la plus basse A la
frequence la plus haute, 12. Verfahren nach Anspruch 9, 10 oder 11, in wel-
et il repond a la valeur stabilisee (730) de la ca- chem die vorherige und
die nAchate Zahlrate be-  15  dence des coups en ayant acces aux valours de
stimmt werden durch selektives Gewichten (722-    frequence en memoire af
in de produire Is signal 728) von vorbestimmten, zeitliche definierten In-
d'attaque en correspondance avec ces valeurs. krementen der
Ausgangssignale. 3. Systeme suivant la revendication 1 ou 2 pour de- 20
tecter et localiser des concentrations de sources Revendications
de rayonnement gamma dans des regions de tis- sus specifiques d'un corps
animal, comportant 1. SystAme pour d~tecter et localiser des sources    en
outre une r6gion predetorminee du corps pou- de rayonnement gamma dans une
region presen-      vant etre selectlonnee comme emettant un rayon- tant un
interet, comprenant une sonde (12) pou-  25  nement gamma A un niveau de
fond, caractefise vant etre deplacie d'une position A l'autre dans la  en
ce que les moyens de traitement du signal reglon presentant un interet et
comportant une    comporent un moyen (37) d'activation d'un enveloppe ayant
une portion anterieure (20)       mode suppression, pouvant Atre actionne
pour s'etendant jusqu'A une fenetre (18) de passage    produire une
sequence de calibrage d'une plage du rayonnement, pouvant etre placee au
voisina-  30  de suppression, et une memoire pour conserver ge de la
source, un detecteur (58) loge A l'inte-  des donnees de cadence de coups,
le moyen de rieur de l'enveloppe afin de produire des charges  commande
(176) repond aux signaux de compta- induites en reponse A une interaction
d'un rayon-  ge produits lorsque la sonde est situee dans la re- nement
gamma avec lui, et pour produire des si-   gion predeterminee du corps en
produisant une gnaux de sortie correspondants, et des moyens  35  cadence
des coups de base (500) correspondant de transmission (14) pour transmettre
les signaux  au rayonnement de fond, iH repond A cette caden- de sortie, et
des moyens de traitement du signal  ce des coups de base correspondant au
rayonne- comportant un reseau A niveau d'energie           ment de fond en
produisant une cadence de (200,202,220) pour valider les signaux de sortie
coups (508) de limite de suppression inferieure, et pour produire des
signaux de comptage en re-  40  if repond en formant le produit de cette
cadence ponse A ceux-ci, et un indicateur perceptible     de coups de
limite de suppression basse etd'une (236) pourfournirune sortie
perceptible, caracte-  valour de plage predetermin6e afin d'obtenir une
rise en ce que les moyens de traitement du signal  cadence de coups (518)
de limite de suppression comporent un moyen de commande (176) re-
haute,lireponddemaniereaconserverlacaden- pondant aux signaux de comptage
en produisant  4s  ce de coups de limits de suppression basse et la des
valeurs de cadences de coups qui sont intro-  cadence de coups de limite de
suppression haute duites dans une file de cadences continuellement  en
memoire, ii r~pond ensuite a ces signaux de mise A jour, depuis la cadence
recue le plus re-  comptage en produisant lea signaux de cadence cemment
jusqu'A la cadence recue le plus an-      de coups et en produisant les
signaux d'entr~e de clennement, cette file representant une pefiode  so
l'indicateur audible a des frNquences predetermi- donnee d'un temps
d'echantilonnage continu, ce    nees correspondant A ces signaux de cadence
moyen de commande appliquant un factbur de        de coups, lorsque ces
signaux de cadence de ponderation A des valeurs de cadences de coups
coups presentent une valeur intermediaire entre obtenues successivement
dens la file (722,        la cadence de coups de limite de suppression
724,726,728), lea velours des cadences de  55     basse et la cadence de
coups de limite de sup- coups lea plus recentes reoevant un facteur de
pression haute conservees en memoire. ponderation accentu6 et produisant, A
partir de ces valeurs de cadences de coups ponderees,   4. Systbme suivant
la revendication 3 caracterise 19    37                 EP 0 369 927 B1
38     *    C   L  M  S   * e ce quo le moyen de commando (176) des
gnaux des coups lorsque la sonde est plache moyens de traitement du signal
r6pond de manie-  dans la r6gion pr6determin6e du corps. re a produire une
valeur de difference de sup- _-    pression en tant quo difference entre la
cadence  8. Systbme suivant l'uno quelconque des revendi- de coups de
llmitb de suppression basso et la ca-   s  cations 3 A 7 caracterise en co
quo le moyen de 



dence de coups de limib de suppression haute,    commando (176) r6pond aux
signaux des coups tl r6pond de manibre A diviser cette valour de dif-
produits lorsque la sonde est plac6e A l'endroit f6rence de suppression par
une valeur de temps   des regions pr6citees du tissu afin de les introdui-
limito de cadence pred6termin6e afin de produire  re dans une file
alimentee continuellement, a par- une valeur (538) de Odeota suppression",
et H re-  10  tir du signal requ le plus recemmentjusqu'au si- pond de
manibre A conserver cette valour de del-  gnal regu le plus anciennement,
cette file repr6- ta suppression" dens la m6moire, et B repond de  sentant
un Increment donne d'un temps d'6chan- manibre A limiter la variation des
signaux d'entr6e  tillonnage continu, le moyen de commando effec- de
l'indlcateur audible de manibre qu'elle corres-  tuant uno ponderation
selective (220-228) d'in- ponde aux variations des signaux de cadence de
15  cr6ments pr6d6tormin6s, dMfinis dans Is temps, coups ayant une valeur
au moins 6quivalente a la  des signaux des coups dans la file et produisant
valeur de "delta suppression" conserv6e dans Ia  les signaux de cadence de
coups (730) a partir memoire.                                         des
signaux des coups ponder6s, en tant quo va- leurs stabilis6es de Is cadence
des coups. S. Systime suivant l'une quelconque des revendi-  20 cations 3
ou 4 caract6rls6 en ce quo Is moyen de  9. Proc6d6 pour produire des
signaux audibles lo- commando (178) des moyens de traitementdu si-
calisant un rayonnement gamma se concentrant gnal r6pond A la cadence de
coups de limits de   dans le tissu d'un corps animal, ce corps ayant
suppression haute de manibre a produire une li-  une r6gion qui pout btre
s6lectionn6e en tant quo mite haute de la cadence des coups ayant une  25
produisant un rayonnement gamma A un niveau valeur de cadence de coups
pr6d6torminee su-     de fond, comprenant les etapes consistant A pr6-
p6rieure A la cadence de coups (540) de la llmite  voir une sonde (12)
tenue A la main, tells quo re- de suppression haute et il repond de maniere
a Al-  vendiquee dons rune quelconque des revendica- miter la valeur des
signaux de cadence de coups  tions I A 8, pouvant etre d6placee en travers
du a cello de cette limite haute de cadence, fin d'ac-  30  tissu et
produisant des signaux de sortie en re- croltre les perftrmances de la
r6ponse du syste-  ponse a un rayonnement gamma venant la frap- me.
per, a pr6voir un gen6rateur d'un signal sonore audible (238) pouvant etre
actionn6 afin de pro- 6. Systbme suivant l'une quolconque des revendl-
duire une sortie sonore A des frequences ayant cations 3,4 ou 5 caracteris6
en ce quo le moyen  3S  des valeurs s6olectionn6es A partir d'une table de
de commands (176) des moyens de traitementdu     valeurs de fr6quence, a
pr6voir cette table de va- signal repond A la cadence de coups de limite de
leurs de frequence en tant quo table de frequen- suppression basse de
manibre A produire une li-  ces, conserv6e en m6moire, produisant des va-
mite basso de cadence de coups ayant une va-     leurs de frequence depuis
la frequence la plus lour de cadence de coups pr6d~termin6e infe-  4o
basso jusqu'A la frequence la plus haute, et A ac- rioure A la cadence de
coups (540) de la limite de  tionner le generateursonore A ces frequences
en suppression basse, et iI repond de maniere a II-  fonction des signaux
de sortie, caracterise en co miter la valeur minimale des signaux de
cadence  qu'0l comprend les etapes consistent A placer la de coups A cello
de cette limite basso de cadence  sonde A l'endroit de ladite reglon du
corps et eva- de coups, aO In d'accrolre les performances de la  45
luerles signaux de sortie pendant un intervalle de reponse du systeme.
temps predeterrmln (500), afin de produire une cadence de coups de fond de
limite de suppres- 7. Systime suivant l'uns quelconque des revendi-    sion
basse, A produire une cadence de coups de cations 3 A 6 caracterise en ce
quo les moyens   limito de suppression haute en multipliant la ca- (176) de
traitment du signal comportent un  50   dence de coups de limits de
suppression basse moyen (36) d'activation d'un mode comptage       par un
facteur de plage selectionne (518), A pro- pouvant Mmro actionne pour
produire un mode      duire une valeur de difference de suppression en
comptage de coups lorsque Ia sonde est d~pla-    tent quo difference entre
Ia cadence de coups de cee le long des reglons du tissu et le mayen de
fond de limito de suppression basse etla cadence commando (176) repond au
moyen (37) d'activa-  ws  de coups de limits de suppression haute (536), A
tlon du mode suppression et ensulte A t'actionne-  produlre une limito de
balayage rapide en tant ment du moyen (36) d'activation du mode
quo valour wdelta suppression', en divisant la va- comptage en produisant
une reponse aux si-       lour de lt difference de suppression par une va-
20    39                 EP 0 369 927 B1                 40    *   C  L  M
S    * leur de temps pr6detbrminee (538), a placer la sonde (12) en des
emplacements selecUonnes du tissu du corps animal ou du corps humain et A
determiner des cadences de coups pr6cedente et sulvante A partir des
signaux de sortie, A   5 



comparer la cadence de coups suivante avec la cadence de coups de fond de
limite de suppres- sion basse et a acceptor cette cadence de coups suivante
lorsque sa valeur est superieure A la ca- dence de coups de fond de limite
de suppression   10 basse, A determiner une valour 'delta cadence' (656) en
tant quo difference entre la cadence de coups precedentb etla cadence de
coups suivan- to accept6e, A comparer cette valeur "delta ca- dencew avec
la valour "delta suppression (662-  16 684) et A avoir acces A la table des
valeurs de frequence en correspondance avec une valeur d'index (686)
representant une cadence de coups obtonue comme etant la somme de la
cadence de coups precedente et de la valour wdelta suppres-  20 sion"
(670), lorsque la valour *delta cadence" est 6gale ou superieure a la
valeur "delta suppres- sion", afin de determiner une valeur produisant
ladito frNquence, cette valeur d'lndex represen- tant une proportion de la
valeur de limitb de sup-  25 pression haute, A avoir acces A la table des
va- leurs de fr6quence au moyen de la valour d'lndex pour la valeur
produlsant la frequence, et a ac- tionner le gbneratbur de signal sonoro
(236) en correspondance avec la valeur de production de  3o frbquence. 10.
Procede suivant la revendication 9 caractdrisW en ce quo la cadence de
coups suivanth est etablie comme etant la cadence de coups de la limite de
35 suppression haute lorsque la valeur de cettb ca- dance de coups suwvante
est supdrieure a la ca- dence de coups (652) de la limite de suppression
haute. 40 11. Procbdb sulvantl'une quelconque des revendica- tUons 9 ou 10
caractefise on ce quo la cadence de coups de fond do la limits de
suppression basso est produite (506) comma 6tant la cadence de coups des
signaux de sortie additionnes de la va-  45 leur d'un 6cart de refbrence de
ces signaux. 12. ProcbdA suivant l'une quelconque des revendica- tions 9,
10 ou 11 caractbfise en ce quo les caden- ces de coups prbcbdente et
suivante sont dbte-  50 min6es en pondbrant d'une maniore selective
(722-728) des increments predtebrminos, dMfinis dans le temps, des signaux
de sortie. 55 21    


