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ABSTRACT OF THE DISCLOSURE 

An improved method and apparatus for energy window selection in a 

radiation signal processing system which in a preferred embodiment includes 

obtaining energy level histograms corresponding to corrected spatial elements 

and determining a standard count of radiation events to be accepted by each 

true spatial element in response to a flood image. The energy window of each 

corrected spatial element is then adapted to cause each to accept the standard 

count of radiation events in response to a flood image whereby greater uni-

formity of image may be accomplished in the imaging process. 
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This invention relates to the field of nuclear imaging systems in 

medicine and more particularly to the processing of signals from gamma ray 

cameras. 

Nuclear medicine is one of the most rapidly developing fields of 

clinical investigation. The term, deriving from its origin in nuclear physics, 

involves administration by injection into a vein of a small dose of radioiso-

tope (a radioactive substance emitting gamma rays). The bloodstream dis-

tributes the dose throughout the body and a suitably sensitive transducer 

records a history of this distribution. 

10 Areas of the body having high "uptake" of the isotope or a rich blood 

supply show up as bright or highly illuminating sources while conversely those 

of low "uptake" or blood supply appear dark. In this manner any portion of 

the body or specific organ may be subjected to clinical investigation in a 

safe, reliable and noninvasive manner. 

The most frequently employed nuclear investigation device is a radia-
« em its 

jp^ tion transducer having a scintillation crystal (i.e. one that edmi®-» light 

photons proportionately to received radiation energy quanta). The light pho-

tons are detected by a plurality of phototubes in close optical communication 

with the crystal generating electric signals indicative of the light's source 

20 and intensity. Cameras of this variety are generally referred to as aw "Anger" Co -mecaS 

or gamma ray United States Patent No. 3,011,057, discloses such a 

device. 

When exposed to a radioactive source, a scintillation camera of this 

type produces an image of the isotope distribution by recording the phototube 

outputs corresponding to the incidence of individual gamma rays on the crystal. 

The phototube outputs are interpreted and translated by electronic circuitry into 
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orthogonal (X, Y) spatial coordinates and a third signal fZ) representative of 

the energy level of each gamma ray event. The energy Z signal is particularly 

useful for screening or filtering out unwanted detections which result from 

background radiation, scattering, etc. By establishing an energy window around 

the energy level known to be typical of the nuclide sought to be detected the 

desired X, Y and Z signals may be accepted for processing while unwanted sig-

nals are rejected. 

A well known problem of gamma cameras relates to the inherent non-

linearities of camera design and construction. The nonlinearities, which are 

exacerberated with attempts to increase camera resolution, result in spatial 

distortion of image points. This distortion results in both nonlinearity and 

nonuniformity of image. In general, nonlinearity may be attributed to (X,Y) 

signal distortion. Nonuniformities can arise either from these same distortions 

or from variance in Z signal response as a function of (X, Y) source position. 
5pa.-b>a l)y 

These spat-ia-l related inherent sources of image distortion may be corrected in 

various ways. United States Patent No. 3,745,345, discloses one attempt to 

correct spatial nonlinearities. However it has been found that the method 

disclosed therein creates further artifacts that distort the images. In United 

States Patent Nos. 4,212,061 and 4,281,382 (which have a common assignee to 

the present application) X and Y correction factors are derived and stored for 

employment in correcting camera signals on-line while the image is being ac-

quired . 

As made clear Toy United States Patent Nos. 4,212,061 and 4,281,382, the 

differences in Z signal, as a function of the source position, are of signifi-

cance in correcting distortion due to nonuniformity of image. Accordingly, the 

above-identified patents disclose a procedure or method of normalizing the 

camera Z response as a function of source position. The method, which is des-



cribed in detail in the patents, involves acquiring a separate energy histogram 

for each unique fX, Y) element of the camera image. The elements are defined 

by a 64 x 64 matrix in apparent space i.e. the uncorrected (X, Y) camera res-

ponse. The histogram includes the number of counts and their associated energy 

level for each element. A standard search and fitting routine may be applied 

to the accumulated data to determine the peak, about which a low Z threshold 

value and a high Z threshold value are determined to define a window. These 

values are placed in a Z translation table having unique threshold pairs for 

each of the apparent space 64 x 64 matrix elements. The nonuniform response of 

10 the camera to gamma ray energy levels may then be compensated for according to 

which element the event originates in. By controlling how the Z threshold 

window is defined, one is able to not only maximize the detection of signifi-

cant information but minimize recording of unwanted events. 

The above-described method provides effective means for accepting, 

according to the apparent element of origination, only those (X, Y) signals 

having energies which will contribute to the construction of a meaningful pic-

ture or image; the present invention extends and improves that method by modi-

fying how the energy selection or window is determined. 

Summary of the Invention 

20 The present invention provides an improved apparatus and method for 

selecting only meaningful information from signals produced by suitable trans-

ducers and in particular Anger-type radioisotope cameras producing positional 

information. Specifically, the present invention is an improvement in the 

means for determining energy threshold values as a function of radiation event 

positional information disclosed in United States Patent Nos. 4,212,061 and 

4,281,382. 

- 3 -



1 2 0 4 8 8 4 

In the present invention, in one embodiment, the establishment of 

the energy threshold table begins by flooding the camera face with an uniform 

source of radiation and utilizing the pre-established spatial translation table 

to reposition detected radiation events according to their true spatial element 

coordinates. A histogram is compiled for each true spatial element, the histo-

gram comprising the number of radiation events occurring at a plurality of 

discrete energy levels. A peak centroid value is then determined for each 

element, and an initial energy window is set. Next, a specified region of the 

camera field of view, usually the center of the imaged is inspected to deter-

mine a target sum of radiation events to be accepted by each element whereby 

a standard is set for adjusting the energy windows of each element. Using the 

standard, the energy window for each element is progressively adapted so that 

every element will accept nearly the name number of radiation events or counts 

in response to a flood or calibration image. Finally, the energy window for 

each true spatial element is translated back to its apparent spatial element 

and incorporated into an energy threshold table accessible by the apparent 

spatial coordinates of each radiation event. The energy windows thus estab-

lished and incorporated into a radiation signal processing system of the type 

disclosed in United States Patent Nos. 4,212,061 and 4,281,382 provide for 

greater uniformity of image than previously achievable. 

It should be clear that the invention is not dependent on the- parti-

cular numbers used to define the true space, that is, any corrected coordinate 

system that differs from the true space coordinate system by a predeterminéd 

value or values is equivalent to the true space coordinate system, since the 

difference can be accounted for at any point in the correction process simply by 

adding or subtracting the known predetermined value or values to the coordinate 
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system. Thus although for ease of understanding, the (U,V) space is referred 
to as "true" space or similar terminology, it is understood that corrected 
space using corrected coordinates can also be used in the invention. In this 
specification "corrected" and "true" will be used interchangeably. The term 
"true" is used for ease of understanding; however the broader concept "correct" 
is intended. 

The foregoing digital technique and method provides improved imaging 
capability by eliminating to a great degree nonuniformities due to spatial 
variation in the camera energy level detection response. 

10 Thus, in accordance with one broad aspect of the invention, there is 
provided a signal processing system for radiation imaging apparatus comprising: 
(a) detector means capable of producing an output signal representing apparent 
orthogonal spatial coordinates and the associated energy level of a radiation 
event ; (b) means for determining the energy level distribution of radiation 
events occurring within predetermined elements in response to an image of known 
energy level, each of said elements defining a predetermined portion of the 
apparent image field; and (c) means for causing each element to accept sub-
stantially the same number of events in response to said image. 

In accordance with another broad aspect of the invention there is 

20 provided a signal processing system for use with a radiation imaging apparatus 
having detector means for producing an output signal representing apparent 
orthogonal spatial coordinates and the associated energy level of a radiation 
event, comprising: means for determining the energy level distribution and 
peak energy content of radiation events occurring within predetermined elements 
in response to an image of known energy level, each of said elements being 
defined as a predetermined portion of the apparent image field; and means for 
determining an energy window to be accepted for each element in response to a 
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flood image such that every element accepts substantially the same number o£ 
events in response to a flood image. 

In accordance with another broad aspect of the invention there is 
provided a method for calibrating a scintillation radiation camera to provide 
uniform energy level response at various elements comprising the steps of : 

(a) flooding the camera with a known radiation energy; (b) counting the 
radiation events detected at each energy level within the elements to produce 
a representation of energy level distribution; (c) determining the point 
about which the photopeak is generally centered for the histogram for each 

10 element; (d) defining an energy window about said point for one or more 
elements to set a standard count of acceptable radiation events for all 
elements; and (e) adapting the energy window of each of the elements to cause 
each to accept a count of radiation events substantially equal to the standard. 

In accordance with another broad aspect of the invention there is 
provided a signal processing system for radiation imaging apparatus 
comprising: (a) detector means capable of producing an output signal repre-
senting the corrected orthogonal spatial coordinates and energy level of a 
radiation event; (b) means for determining the energy level distribution of 
corrected radiation events within each of a plurality of corrected spatial 

20 elements; and (c) means for determining for each of said elements the energy 

window to be accepted in response to a flood image such that every element 
accepts substantially the same number of events. 

In accordance with another broad aspect of the invention there 
is provided a method for calibrating a scintillation radiation camera to 
provide uniform energy level response to detected radiation events comprising 
the steps of: (a) flooding the camera with a known uniform radiation energy; 

(b) accumulating the histograms of the detected radiation events as a function 
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of predetermined corrected spatial coordinate position and magnitude; (c) 
inspecting at least one histogram to set a standard number of acceptable 
energy events as a function of the histogram or histograms; and (d) 
determining an energy window for each histogram to cause each energy window 
to include a count of radiation events substantially equal to the standard. 

In accordance with another broad aspect of the invention there 
is provided a method for calibrating a scintillation radiation camera to 
provide uniform energy level response to detected radiation events comprising 
the steps of: a) flooding the camera with a known uniform radiation energy; 

10 b) translating detected events from their apparent spatial element to 

corrected spatial elements; c) counting the radiation events at each of a 
plurality of discrete energy levels within each of said corrected spatial 
elements to produce an energy histogram for each corrected spatial element; 
d) determining a peak centroid of each histogram; e) defining an energy window 
to be centered about said peak centroid of all elements. 

In accordance with another broad aspect of the invention there is 
provided a signal processing system for radiation imaging apparatus comprising: 
a) detector means capable of producing an output signal representing the 
corrected orthogonal spatial coordinates and energy level of a radiation 

20 event; b) means for determining the energy level distribution of corrected 

radiation events within each of a plurality of equal sections of corrected 
image; and c) means for determining for each of said equal sections the energy 
window to be accepted in response to a flood image such that every equal 
section accepts substantially the same number of events. 

Other objects and aspects of the invention will become clear upon 
consideration of the detailed description of the invention in conjunction with 
the drawings. 
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Brief Description of the Drawings 
Figure 1 is a functional block diagram for the system of the present 

invention; 

Figure 2 is a schematic representation of three matrix arrays for 
the X, Y and Z correction values; 

Figure 3 is a diagrammatic representation of an idealized spatial 
correction of the present invention; 

Figure 4 is a typical energy histogram for a radiation transducer; 
Figure 5 is a diagrammatic representation of an energy histogram 

10 flooded in true space compared to prior art correction technique in apparent 

space ; and 
Figure 6 is a plan view of a calibration plate. 

To facilitate the understanding of the present invention a brief 
review of the methods and apparatus disclosed in United States Patents 
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4,281,382 and 4,212,061, hereinafter referred to as the prior system, will be 

given. 

Referring to Figure 1, which assumes interconnection with the computer, 

the radiation imaging apparatus of the prior system is depicted in functional 

block diagrammatical form. Transducer 11 is a gamma camera similar to that 

described in United States Patent No. 3,011,057 and detects radiation events 

emanating from external source. Camera output signal 12 is operated on by 

camera electronics 13 to provide orthogonal spatial coordinates X 14 and Y 15 

and energy signal Z 16. These analog signals are then digitized in analog to 

10 digital converter 17 producing preferably twelve (12) bit X and Y words 18, 19 

respectively, and preferably an eight (8) bit Z signal. The 12 bit X and Y 

words are comprised of 6 MSB's (most significant bits) defining the element 

of origin in a 64 x 64 matrix and 6 LSB's (least significant bits) defining 

the precise location within the element for each detected event. 

Coordinate signals (X, Y) are corrected to their corrected or true 

coordinate U (27) and V (28) values respectively (or any equivalent space, 

such as any space differing from the true space by a predetermined value or 

values) by accessing translation table 23, with the 6 MSB's of the (X, Y) 

signals. Table 23 comprises linear rectangular matrix arrays containing U, V 

20 values addressed by their respective corresponding X, Y coordinates and per-

forming interpolation routines in arithmetic unit 24 with respect to the 6 

LSB's of the (X, Y) signals. Processor signals 25, 26 represent information 

going into and out of arithmetic unit 24 during the performance of specifically 

called up routines. Translation table 23 also furnishes a pair of selected 

energy threshold signals Z 21 for the particular apparent (X, Y) coordinates 

of detected radiation events. The energy level of Z signal 20 is compared with 

the Z signals 21 in comparator 22 and if found within the appropriate range, 
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i.e. between acceptable window limits gate signal Z' (Z prime) is generated 

and gate 30 allows each acceptable energy event to be recorded and displayed at 

corrected coordinates (U, V). 

The calibration procedure used in both the prior system and the present 

invention which is required to furnish the spatial coordinate correction data 

may be summarized as follows. A precision grid, for example the one shown in 

Figure 6, is positioned over the camera face and the camera then subjected to 

a source of radiation positioned essentially at infinity. Grid 50 has approx-

imately 18 to 20 lines or gaps 52 formed therein, each line having dimensions 

10 selected so that its apparent width is determined primarily by the spatial 

resolution of the camera, viz, a width of approximately 3 mm and center to 

center spacing of approximately 15 mm. As described in the patents corres-

ponding to the prior system this provides a known image to the camera scintil-

lation crystal, whereby any deviation or distortion in camera spatial (X, Y) 

response may be determined. With grid 50 positioned over the camera face so 

that image lines (52) 1 through n are in a substantially vertical orientation, 

a pair of ADC (analog to digital converter) values (X^, Y^) corresponding to 

one of 64 equally spaced orthogonal profiles or Y positions is selected for 

determination of a corresponding entry in the spatial correction tables. Events 

20 are detected at each of the X^ image lines corresponding to profile Y^, and 

data representing a one dimensional profile through the image with event 

peaks at each line is generated. The centroid of each peak is then deter-

mined. This provides Xc values for the uniformly spaced known U values of the 

calibration image. This data is then spline fit to derive a relation of 
3 2 

U = ax + bx + cx + d. Based on this relationship, U values for preferably 

64 predetermined X coordinates are determined. In the same manner relationships 
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are derived for preferably 64 values of Y^. The entire procedure is then 

repeated, after rotating grid 50 by 90°, to derive a best fit expression of 
3 2 

V = ey + fy + gy + h for all 64 values of X^ and then the entire spatial 

corrective data is entered into the translation tables i.e. U and V values as 

functions of 64 X, Y coordinate locations in the rectangular matrix arrays. 

Figure 2 is a graphical representation of the translation tables. 

Digitized apparent space coordinates X and Y are input to translation tables 

31, 32 producing true spatial coordinates (U, V). With reference to Figure 3, 

the 6 MSBs of the digitized X and Y analog coordinates are used to access 

10 translation tables 31, 32 obtaining the corresponding true (U, V) coordinates 

(6 MSB precision) for such position and for each next higher coordinate (X, 

Y-̂ 2-4 position in the 64 x 64 matrices. The translation of these coordinates 

from an uncorrected (X, Y) mapping to true coordinates (U, V) mapping is shown 

in solid outline. If succeeding translated corrected elements of the image 

events were shown they would form a contiguous mosaic without overlapping or 

voids. 

Upon determination of the 6 MSB precision (U, V) corner coordinates of 

the translated (X, Y) element and assuming a linear relationship in the inter-

vals, a linear proportional interpolation is performed using the 6 LSBs of each 

20 X and Y coordinate to find "precise" corrected spatial (U, V) coordinates cor-

responding to the (X, Y) apparent spatial coordinates of the detected events 

occurring intermediate or within the translated element area. The procedure 

involves assuming a linear relationship in both dimensions of the precise loca-

tion of the detected (X, Y) event within the corrected area defined by (U, V)j 

Given this assumption, AX (delta x) and AY (delta y) increments are determined 

and used to precisely locate the apparent event in true space. In this manner 
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there is effectively achieved the precision of correction associated with a 

4096 x 4096 translation table with the economy and ease of calibration assoc-

iated with a 64 x 64 matrix. 

As pointed out above, camera Z signal response variation is important 

from a number of aspects. If a fixed acceptance window is used to select only 

radiation events of interest, nonuniformity of the image will result from this 

variation. The prior system corrects most nonuniformity due to Z signal varia-

tions by independently presetting the Z^ energy thresholds or "window" for each 

camera face element of the 64 x 64 matrix. A typical energy histogram 80 for a 

10 gamma camera is shown in Figure 4. Under normal circumstances, only the peak 

energy content of the incident radiation is of interest. Therefore, the energy 

window 81 is selected so that only peak events are recorded. This is accom-

plished by rejecting all events not displaying a Z level between the upper and 

low threshold values of the Z window. 

The prior system began normalization of Z camera response by flooding 

the camera face with a stationary calibration point source so that all areas 

received energetic events of known intensity. A separate energy histogram or 

spectra 80, was acquired for each unique 6 MSB (X, Y) apparent space element 

of the 64 x 64 matrix, array translation table 33 of Figure 2. In essence, 

20 camera responses were sorted by spatial (X, Y) coordinates and by Z signal 

energy level 82 (the analog energy level is digitized and sorted according to 

its magnitude in 32 levels, which are also referred to as channels), each level 

having an event count 1\L associated therewith. Using standard peak search and 

fitting routines on the data accumulated in the histogram a 16 bit word was 

developed for each element, 8 bits setting the lower Z^ value and the remaining 

8 bits setting the higher Z. value. Once set these values were placed in the 
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Z translation table and accessed by the MSBs of each event. Thereafter, during 

the camera imaging process (X, Y) events were accepted or rejected according to 

the predetermined energy window of the matrix element in which they originate. 

Thus, the prior system normalized Z signal response by varying the 

profile of acceptable Z signal energy levels with respect to the apparent space 

elements defined by the (X, Y) spatial coordinates. The result was a more 

uniform image response to a flood signal than possible using only spatial cor-

rections. 

Although the Z signal normalization procedure of the prior system 

10 provides means for the correction of most of the nonuniformity of response due 

to spatial dependency of Z signal response, it has been observed that there are 

still some errors in imaging the crystal that are not accounted for. It has 

been determined that some of these errors are attributable to imperfections in 

the définit ion of the acceptable Z window for each element. That determination 

begins with the following observation of the operation of the prior system: if 

the camera scintillation crystal is divided into e.g. 64 x 64 equal elements 

and a uniform gamma source is applied to the crystal, then when each of the 

equal areas in apparent space (X, Y) is mapped to an area in corrected or true 

space (U, V), then each of the areas in (U, V) space should receive an equal 

20 number of counts if the correction to (U, V) space was perfect. On the con-

trary, in practice it is found that the number of counts in each equal section 

of (U, V) space are not the same. It has been determined that this nonuniformity 

is due in part to imperfections in the translation table introduced by spatial 

distortion not completely eliminated during calibration, in part to intrinsic 

nonuniformity of the camera response, in part to imperfections in the calibra-

tion grid, and in part to the limited precision of the mathematical coraputa-
t tions. 
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With these observations in mind, the present invention begins the 

energy calibration procedure by sorting the multi-channel energy spectra into 

uniform elements in true (U, V) space. This is in contrast to the prior system 

in which the energy spectra were sorted into elements in apparent (X, Y) space. 

Referring to Figure 5 this difference is graphically illustrated. Energy spec-

tra 70 corresponds to element 72 (X = 63, Y = 0) of apparent (X, Y) space. 

In the prior system similar spectra were acquired for all 64 x 64 matrix ele-

ments. The present invention acquires similar spectra but, each of the spectra 

correspond to corrected (U, V) elements. For example, a portion of the energy 

10 events forming spectra 74, which corresponds to. the true element 76, are der-

ived from energy events detected within element 78 (X = 0, Y = 0) of apparent 

space, with the balance of the translated events forming spectrum 74 derived 

from other elements in apparent space. The same fitting procedures of the prior 

system are applied to find the centroid Xc and width of the photopeak, to deter-

mine the peak energy content of interest, in each of these corrected space spec-

tra. An initial energy window for each of these (U, V) elements is then spec-

ified by the user. The energy window is specified by setting a quantity of 

standard deviations either side of the centroid X . It will be understood that c 
while in the present invention it is preferable to find, to the greatest prac-

20 ticable degree, the precise centroid X£ of the photopeak, other schemes finding 

only an approximate centroid Xc could be utilized. 

Because of the sources of imperfections noted above, the number of 

recorded counts occurring within each window determined for each (U, V) element 

in the camera field of view still may not be completely uniform i.e., certain 

elements accept more events than others even though all are exposed to a uniform 

flood signal. Therefore, the present invention provides an adapting step that 

changes the energy window for each (U, V) element to achieve a condition in , 

which all will incorporate nearly the same number of recorded counts. 
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The adapting step first determines a target sum to which the counts 

within each window will be adapted. This target sum (typically an average) is 

established by inspecting the counts accepted in each true (U, V) element over 

a selected region of the camera field of view (typically the center portion). 

Once this target sum has been determined, the window edges or thresholds 81 for 

each individual (U, V) element are progressively adapted (either shifted, 

widened or narrowed) until the counts contained within that element are as 

close as possible to the target sum. These adapted window edges 83 are then 

incorporated into a Z signal energy translation table by mapping the true (U, V) 

10 elements and their corresponding Z values back into apparent (X, Y) space 

using the spatial translation table. The newly defined Z values may then be 

accessed directly by the camera's digitized (X, Y) coordinates without resort 

to the spatial translation table, thus simplifying the hardware structure and 

improving the signal processing speed. 

To summarize one embodiment the new method of the present invention for 

determining the Z translation table: 

1. Events are detected by the camera, digitized, and translated from 

apparent (X, Y) to true or corrected (U, V) space. 

2. Each event is sorted according to energy level and (U, V) element 

20 location. 

3. Photopeaks are determined using the calculated centroid values. 

4. Initial Z signal window thresholds Z are selected. 

5. A target sum is determined by inspecting counts in a specified 

region of the camera field of view, usually the center of the image. 

6. Z window thresholds Z . for all 64 x 64 (U, V) matrix elements are 

progressively adapted until counts are nearly equal to the target sum in 
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all elements. 

7. The Z signal window threshold pairs for each (U, V) space element 

are incorporated into the Z signal table by mapping backwards to 

apparent (X, Y) space. 

It will be seen from the foregoing that the present invention achieves 

more uniform flood images from radioisotope cameras, allows removal of arti-

facts in the image created by high-frequency spatial distortion that may not 

have been completely removed by the prior system, and that the present inven-

tion will allow design of gamma cameras to optimize other parameters, such as 

10 spatial resolution, at the expense of spatial linearity to an extent not 

now permitted. In addition, it shall be understood that the present invention 

may be practiced in other ways than set forth in the preferred embodiment. For 

example, the adapting step may be utilized whether or not the histograms are 

compiled with respect to true or apparent spatial elements, and the trans-

lating step providing histograms corresponding to true spatial elements may be 

utilized without the adapting step. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A signal processing system for radiation imaging apparatus comprising: 

(a) detector means capable of producing an output signal representing apparent 

orthogonal spatial coordinates and the associated energy level of a radiation 

event; (b) means for determining the energy level distribution of radiation 

events occurring within predetermined elements in response to an image of known 

energy level, each of said elements defining a predetermined portion of the 

apparent image field; and (c) means for causing each element to accept sub-

stantially the same number of events in response to said image. 

2. A signal processing system for use with a radiation imaging apparatus 

having detector means for producing an output signal representing apparent 

orthogonal spatial coordinates and the associated energy level of a radiation 

event, comprising: means for determining the energy level distribution and peak 

energy content of radiation events occurring within predetermined elements in 

response to an image of known energy level, each of said elements being defined 

as a predetermined portion of the apparent image field; and means for determining 

an energy window to be accepted for each element in response to a flood image 

such that every element accepts substantially the same number of events in 

response to a flood image. 

3. A method for calibrating a scintillation radiation camera to provide 

uniform energy level response at various elements comprising the steps of: 

(a) flooding the camera with a known radiation energy; (b) counting the radia-

tion events detected at each energy level within the elements to produce a 

%J 
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representation of energy level distribution; (c) determining the point about 

which the photopeak is generally centered for the histogram for each element; 

(d) defining an energy window about said point for one or more elements to set 

a standard count of acceptable radiation events for all elements; and Co) 

adapting the energy window of each of the elements to cause each to accept a 

count of radiation events substantially equal to the standard. 

4. A method according to claim 3 wherein step (e) includes determining 

for each element whether the window must be widened or narrowed and then incre-

mentally adjusting the window in the appropriate direction. 

5. A signal processing system for radiation imaging apparatus comprising; 

(a) detector means capable of producing an output signal representing the 

corrected orthogonal spatial coordinates and energy level of a radiation event; 

(b) means for determining the energy level distribution of corrected radiation 

events within each of a plurality of corrected spatial elements; and (c) means 

for determining for each of said elements the energy window to be accepted in 

response to a flood image such that every element accepts substantially the 

same number of events. 

6. A method for calibrating a scintillation radiation camera to provide 

uniform energy level response to detected radiation events comprising the steps 

of: (a) flooding the camera with a known uniform radiation energy; (b) 

translating detected events from their apparent spatial element to their true 

spatial element; (c) counting the radiation events at each of a plurality of 

discrete energy levels within each of said true spatial elements to produce an 

energy histogram for each true spatial element; (d) determining the peak cen-

15 
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troid o£ each histogram; (e) defining an energy window about the peak centroid 

for one element to set a standard number of acceptable energy events for all 

other elements; and (f) adapting the energy window of each remaining element to 

cause each element to accept a count of radiation events substantially equal to 

the standard. 

7. A method for calibrating a scintillation radiation camera to provide 

uniform energy level response to detected radiation events comprising the 

steps of: (a) flooding the camera with a known uniform radiation energy; (b) 

accumulating the histograms of the detected radiation events as a function of 

predetermined corrected spatial coordinate position and magnitude; (c) ins-

pecting at least one histogram to set a standard number of acceptable energy 

events as a function of the histogram or histograms; and (d) determining an 

energy window for each histogram to cause each energy window to include a count 

of radiation events substantially equal to the standard. 

8. In a signal processing system for radiation imaging apparatus having 

radiation event detector means capable of producing an output signal represent-

ing apparent orthogonal spatial element coordinates and their associated energy 

level for each detected radiation event and means for translating detected 

events from their apparent spatial element to a corrected spatial element the 

improved calibration apparatus comprising: means for obtaining a histogram of 

detected radiation events for each corrected spatial element in response to a 

flood image of known energy level; means for determining the point about which 
photopeak is generally centered of said histogram; means for defining an 
energy window about said point for at least one element to set a standard 

-the 
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number of acceptable radiation events for the elements; and means for adapting 

the energy windows of the elements to cause each element to accept a count of 

radiation events substantially equal to the standard. 

9. An improved signal processing system including improved calibration 

apparatus for use with a radiation imaging apparatus comprising: a) a radi-

ation transducer for producing signals proportional to the apparent orthogonal 

spatial coordinates and proportional to the energy level of detected radiation 

events; b) means operative in a spatial calibration mode for storing corrected 

spatial coordinates corresponding to a plurality of predetermined apparent 

spatial coordinates relative to selected detected radiation events; c) means 

for translating apparent spatial coordinates to corrected spatial coordinates, 

said translating means communicating with said means for storing; d) means for 

interpolating the corrected spatial coordinates of the detected radiation events 

occurring within the space bounded by said stored corrected spatial coordinates 

to produce precise corrected spatial coordinates; e) means operative in an 

energy level calibration mode using coordinates derived from said translating 

means for obtaining a histogram for each corrected spatial element; f) means 

operative in said energy level calibration mode for setting a window of 

acceptable energy levels; g) means operative in said energy level calibration 

mode for determining the number of counts in response to a flood image occurring 

within said window for each corrected spatial element; h) means operative in 

said energy level calibration mode for progressively adapting the window for 

each element until all of said elements accept substantially the same number 

of counts in response to the flood image; i) means operative in said energy 

level calibration mode for storing one or more of said windows as a function 

of apparent spatial coordinates; j) means for comparing the energy level of 

the transducer signals of the detected radiation events to the windows corres-

ponding to the apparent spatial coordinates of the events ; and k) output means 
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for producing an output signal, said output means being responsive to said 

transducer signals and to said comparing means so that only those transducer 

signals occurring within the windows contribute to form said output signal. 

10. A signal processing system for radiation imaging apparatus having; 
a) detector means for producing an output signal representing corrected ortho-

gonal spatial coordinates and the associated energy level of a radiation event; 

b) means for obtaining an energy level histogram of radiation events occurring 

within predetermined elements in response to a flood image of known energy 

level, each of said elements being defined as a predetermined portion of the 

corrected image field; c) means for determining a center of the peak for each 

of said histograms; and d) means for presetting an energy window to be accepted 

in response to a flood image, the center of said window being substantially 

coincidental with the determined center of the peak of each element. 

11. A method for calibrating a scintillation radiation camera to provide 

uniform energy level response to detected radiation events comprising the steps 

of: a) flooding the camera with a known uniform radiation energy; b) trans-

lating detected events from their apparent spatial element to corrected spa-

tial elements; c) counting the radiation events at each of a plurality of dis-

crete energy levels within each of said corrected spatial elements to produce 

an energy histogram for each corrected spatial element; d) determining a peak 

centroid of each histogram; e) defining an energy window to be centered about 

said peak centroid of all elements. 

12. A signal processing system for radiation imaging apparatus comprising 

a) detector means capable of producing an output signal representing the cor-

rected orthogonal spatial coordinates and energy level of a radiation event; 
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b) means for determining the energy level distribution of corrected radiation 

events within each of a plurality of uniform corrected spatial elements; and 

c) means fox determining fox each of said elements the energy window to be 

accepted in response to a flood image such that every element accepts substan-

tially the same number of events. 

13. A signal processing system for radiation imaging apparatus comprising: 

a) detector means capable of producing an output signal representing the correc-

ted orthogonal spatial coordinates and energy level of a radiation event; b) 

means for determining the energy level distribution of corrected radiation 

events within each of a plurality of equal sections of corrected image; and 
c) means for determining for each of said equal sections the energy window to 
be accepted in response to a flood image such that every equal section accepts 
substantially t?ie same number of events. 

14. A method for calibrating a scintillation radiation camera to provide 

uniform energy level response to detected radiation events comprising the steps 

of: a) flooding the camera with a known uniform radiation energy; b) accumul-

ating the histograms of the detected radiation events as a function of pre-

determined corrected spatial coordinate position and magnitude, said function 

producing histograms each corresponding to one of a plurality of uniform areas 

of the corrected spatial image; c) inspecting at least one histogram to set a 

standard number of acceptable energy events as a function of the histogram or 

histograms; and d) determining an energy window for each histogram to cause 

each energy window to include a count of radiation events substantially equal 

to the standard. 

15. In a signal processing system for radiation imaging apparatus having 
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radiation event detector means capable of producing an output signal represent-

ing apparent orthogonal spatial event coordinates and their associated energy 

level for each detected radiation event and means for translating detected 

events from their apparent spatial position to a corrected spatial position; 

the improved calibration apparatus comprising: a) means for obtaining a histo-

gram of detected radiation events for each of a plurality of uniform corrected 

spatial elements in response to a flood image of known energy level; b) means 

for determining the point about which the photopeak is generally centered of 

said histogram; c) means for defining an energy window about said point for 

at least one element to set a standard number of acceptable radiation events 

for the elements; and d) means for adapting the energy windows of the elements 

to cause each element to accept a count of radiation events substantially 

equal to the standard. 

16. An improved signal processing system including improved calibration 

apparatus for use with a radiation imaging apparatus, comprising: a) a 

radiation transducer for producing signals proportional to the apparant ortho-

gonal spatial coordinates and proportional to the energy level of detected 

radiation events; b) means operative in a spatial calibration mode for storing 

corrected spatial coordinates corresponding to a plurality of predetermined 

apparent spatial coordinates relative to selected detected radiation events; 

c) means for translating apparent spatial coordinates to corrected spatial 

coordinates, said translating means communicating with said means for storing; 

d) means for interpolating the corrected spatial coordinates of the detected 

radiation events occurring within the space bounded by said stored corrected 

spatial coordinates to produce precise corrected spatial coordinates; e) means 

operative in an energy level calibration mode using coordinates derived from 

said translating means for defining a plurality of uniform corrected spatial 
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elements and obtaining a histogram for each corrected spatial element; f) 

means operative in said energy level calibration mode for setting a window of 

acceptable energy levels; g) means operative in said energy level calibration 

mode for determining the number of counts in response to a flood image occurring 

within said window for each corrected spatial element; h) means operative in 

said energy level calibration mode for progressively adapting the window for 

each element until all of said elements accept substantially the same number 

of counts in response to a flood image; i) means operative in said energy 

level calibration mode for storing one or more of said windows as a function 

of apparent spatial coordinates; j) means for comparing the energy level of 

the transducer signals of the detected radiation events to the windows corres-

ponding to the apparent spatial coordinates of the events; and k) output means 

for producing an output signal, said output means responsive to said trans-

ducer signals and to said comparing means so that only those transducer signals 

occurring within the windows contribute to form said output signal. 

17. A signal processing system for radiation imaging apparatus having; 

a) detector means for producing an output signal representing corrected 

orthogonal spatial coordinates and the associated energy level of a radiation 

event; b) means for obtaining an energy level histogram of radiation events 

occurring within predetermined elements of equal area in response to a flood 

image of known energy level, each of said elements being defined as a predeter-

mined portion of the corrected image field; c) means for determining a center 

of the peak for each of said histograms; and d) means for presetting an energy 

window to be accepted in response to a flood image, the center of said window 

being substantially coincidental with the determined center of the peak 

of each element. 
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18. A method for calibrating a scintillation radiation camera to provide 

uniform energy level response to detected radiation events comprising the 

steps of: a) flooding the camera with a known uniform radiation energy; b) 

translating detected events from their apparent spatial element to corrected 

spatial elements of uniform area; c) counting the radiation events at each of 

a plurality of discrete energy levels within each of said corrected spatial 

elements to produce an energy histogram for each corrected spatial element; 

d) determining a peak centroid of each histogram; e) defining an energy window 

to be centered about said peak centroid of all elements. 
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