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Abxivact: 3cittigaphic inage aurertly used in the diagnosis or the evalation pocess of tismes, is
sttongly dependatt on several techimical parametess specially collimator clatacteristics. The piesesnt
work desctbes a mimerical method, based on emropy function, able to specify depth and hole
diatveter of collittmtor as well as other geotretical parameters to get a better acontacy in scitdigmphy
evalbation. From the classical fban of the entiopy function, the ertdropy associated with a scintigraphic
acquisition has been e b lished . s exqplicit expiession inchdes collimator chamctedstics and s ooice-
collitmator distance. IThe chigined mimmedcal resulls and the perfoaned ilnstrations explain the indeest
of the entiopic appoach, wiich fakes into accoust both noltiplex effect, consding piocess and spatial
vrcertainty. Acoquisitions chiaired on tao kinds of collinmtor [geresal vse and high res olotion) by nse
of an unitbrim radicactive s awce, confirm the efficiency of such method in the cheodce of appiopriate

collinmtor,
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INTRODTIICT IO

It s well known that ganwna camera is still
frequerntly used in tmclear medicive either lmnen o
veteritary I'?l Jamna mmes devices inchide nminly
the collinmtor, the crystal detector and photostoltiplier;
such eletments ate decizive for moncophotomic itmegeny
techmique. However, the stdy of its perfonnances
ternaite a diffienlt t=lk, becanse sevetnl parameters
opetate together. Previons works mported in the
litetatite, take itbo accouit nminly the vncerdmindy
telative to the detection process, the uncermindy
calmlation is achieved in a cmsical way fom the
averaged quadiatic deviation of the fhweiating res pores
B3 It is roted that the aspecls mlated o the
collitmator ard its itnpact on the scintigraphic image
quality ate still nnteated.

 lassically, the signal to nodse ratio associated with
cach pixel is defired by the mtio of a pixel e tinaticn
vahe on the comesponding quadmtic deviation This
poitt of viewr nmst be revised when one is intetested in
scithigraphic ittmges where the occoipancy rate 18
particnlatly low. The pesert work bangs a8 rew

evdamation method based on the erntropy fonction of a
system This smethod is anextendad ome, it inchides the
couting nodse, the nmltiplex effect and the spatial
vrcettainty, all these paratretes may be res poreible for
the detetiomtion of the acquisition quality. Accomdingly
collinmtor chatmctenstics are intiodoced in the ermtropy
function, hence the relatiorship betwesn gamnm
catreta devices and scittigtaphic immages is elcidated.

The presert approach does mot inchide diffiwion
effect, atemation efféct, septal peretration and
itzidental photons enetgy.

In the secomd section the implicit form of the
entopy foncton associated with a  scimbigsphic
acquisition is obfaited .

The third section is devoled to a boef description
of the gamna camera with a pariimlar atterntion o the
vriform mdicactive saice.

The results ate detailed in the fourth section, the
explicit entopy expwsgions  according  to the
acquisition patarmeters, is estdblished freen sinmlation
process. At this level, itwill be checked tlat smiltiples
effect is dommirating,
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MATERIALS AND METHOD

The entropy E, associated with a system which can
have L states, whose formula can be obtained from
most theory of information texts. Eq. (1) shows that it
can be calculated as follows 1];

L 1
E= > p;jln(—) (D
i-1 Pi

where E is the entropy, In is the means natural
logarithm, p; the probability of state i.

The entropy associated with a scintigraphic
acquisition utilizes three effects which will contribute
to the final noise " the multiplex effect, spatial
uncertainty and counting noise.

These three effects are governed by the following
parameters: the crystal detector intrinsic resolution R,
the collimator sensitivity p, the object source
parameters (depth D, width of voxel v, photon density n
brought into volume unit) and finally the collimator
parameters (hole length p, hole diameter d and
thickness septa t).

As Fig. 1 show, the multiplex volume defined by
the cone trunk (spotted zone). This volume is divided
into m voxels (the voxel is a unit volume), which emit a
total of N photons. The source described as a set of
voxels, is characterized by Ny, possible configurations

given by Eq (2):
N
Nmﬂx = C N+m-1- (2‘)

where N is total number of photons emitted, m the
voxel number of the multiplex volume.

Assuming that all configurations have the same
probability 1/N,.,, the entropy function can be deduced
in term of Ny @ E= In(Npg). This assumption is
adopted to make the entropy approach compatible with
the high noise of any scintigraphic acquisition .When
only one configuration exists, there is no entropy and
the noise disappears. The other situation corresponds to
the case where all configurations have the same
probability, the entropy becomes maximal For an
intermediary case the entropy 1s medium.

The uncertainty on the definition of this volume is
principally due to the crystal intrinsic resolution
finished. Indeed, photons located in a point detector can
come from a zone of the object more important than the
multiplex volume. On the other hand, photons emitted
in the multiplex volume, have more opportunity to be
collected. One calculates these two extreme volumes
(Mpyin and my,,) easily by the trunk cones volumes
illustrated on the Fig. 2.
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This spatial uncertainty 1s defined by the difference
Mpae - Mpn By adopting the equiprobability of
multiplex volumes, the probability law P{m) associated
with volume (m) will then be (3) :

P(m) ~ ————— 3
Mmax ~Mmin

where m 1s the multiplex volume (measured in voxel),

Myee the maximal volume emitting photons that can be

collected, myy, the multiplex volume emitting photons

that have more opportunity to be collected.

Crystal
detector

Collimator

Patient Multiplex volume
corresponding to one hole

Fig. 1: Description of multiplex volume

Crystal detector

Collimator

Maximal volume
in voxel (M)

Minimal volume
in voxel (Mmin)

Fig. 2: Detection volume corresponding to one hole

Including multiplex effect and spatial uncertainty,
the entropy formula becomes (Eq 4):

e C§+ 1
= __Nrmel
E= mz P(m) In( P(m) ) 4

The sensitivity is a measure of the ratio of photons
emitted (N) from a point source to photons penetrating
a collimator (Ng). This means that a maximum
sensitivity value would mean no collimator at all (a
collimator made up only of a hole) and a sensitivity
value of zero corresponds to no penetration at all (a
collimator with no holes). This sensitivity can be
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calculated according to collimator parameters as
follows (Eq 5):

_pd2d o2
pfk(p) (dH) &)

where d the collimator hole diameter {mm), p the
collimator hole length (collimator thickness) (mm) tis
the thickness of the septa (mm), k the numeric
coefficient (equal to 0.26 for the hexagonal holes).

The probability associated with Ny detected
photons, is obeying Poisson law noted Pois(Ny) 18

Pois(Ng) = Idel exp(—Ng) (6)

The entropy function being additive, its formula
including previous effects and dependence on the
acquisition parameters E(p,d,D,R;,n,v) is given by !

_m @0 N
E= %ﬂx +zpois(N 4) Pm)In CNem-1 %
m . N=0 P(m) Pois(N 4)
min

The volume used in nuclear medicine is the
average volume that can be defined by (Eq 7):

_ Mypgx + Mpin (8)
2

When adopting this hypothesis the spatial uncertainty

vanishes and the function to mimimise will then be (Eq

9

Moy

0 cl
N+ -1
— X Pois (Ng)In _— Tmoy™ &)
N0 Pois(Ng)

By developing the preceding result E, one can extract
two factors:
- Multiplex entropy:

Epm = Z Pms(Nd)h{ N, 1} (10
- Countmg entropy:

> 1
Ec = > Pois(Ng)ln| ———— (11
¢ = 2 PoisNa) I{Pois(Nd)}

N=0

The simulation method applied to the acquisition
scintigraphic entropy E, 1s given in appendix. A
software in Maple language was developed to calculate
the various intermediary results. Investigations are
focused on the collimator parameters and source-
collimator distance.

MATERIALS AND METHOD

As mentioned previocusly, i nuclear medicine
imaging, the mvestigations are often focused on volume
data (patient is the emitter object), however the present

work is dealing with sources whose thickness is very
small compared to D the distance separating the
collimator from the source. In that case, the voxels are
no more three-dimensional, therefore they transform
into pixels. To serve this purpose, the entropy was used.
The experimental set available in France (Service of
Nuclear Medicine of the hospital Hautepierre,
trasbourg), 1s supplied with two kinds of gamma
camera ‘argus adac’ and ‘siemens’. Both cameras are
provided with two collimators (general use GU, high
resolution HR). The characteristics of collimators
utilized during measurements, are reported in tablel.
The R; parameter informs on the intrinsic resolution,
which depends only on the crystalline detector.

Table 1: The parameters of the four gamma cameras
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Hole Collimator ~ Septum intrinsic
Collimators  diameter thickness t(mm) resolution
d{mm} plmm) Ri{mm)
Adac GU 2.95 48 1.114 3.5
Siemens GU 3 40.6 1.14 38
Adac HR 14 328 0.152 35
Siemens HR 1.11 24.05 0.16 38
Crystal

Collimator

A plane umiferm radioactive source

Fig 3: Acquisitien of a plane umform radicactive source

A uniform radioactive cobalt source is located at D
distance, which varies from 10 to 216mm. The entropy
calculation described in the previous section, apply
without important change. The only difference comes
owing to the fact that the intrinsic resolution is higher
than the holes diameter. To obtain the maximal
multiplex volume, it is necessary to count the
participation of several holes.

Figure 3 clarifies aspects related with the geometry
of both the collimator and the radioactive source.

For each image a histogram is plotted, it gives an
idea about acquisition quality and standard deviation
named . The non-uniformity coefficient is taken equal
to the ratio o/n, (where n, is the mean photonic count
relative to one pixel).

The performed simulations have been carried out
on PC equipped with an INTEL Pentium 4 CPU 2.40
GHz.



duosnuepy Joyiny NOILYDI1dNd-10S

Am. J. Applied Sci., 4 (10): 807-814, 2007

Table 1: The parameters of the four gamma cameras

Hole diamter Collimator Septum intrinsic resolution R;(mm)
Collimators d(mm) thickness p{mm) t{mm)
Adac GU 2.95 48 1.114 35
Siemens GU 3 40.6 1.14 3.8
Adac HR 14 3238 0.152 35
Siemens HR 1.11 24.05 0.16 3.8

Table 2: E; and E, entropy with their corresponding machine time t; and t, *: a few days

Collimators  D{mm) 10 16 110 116 210 216
E, 16.334 33.732 766.134 851.813 3292.419 3503.934
Adac E, 3.682 6.817 77.714 82.429 236.909 242.887
(Gu) t(s) 0.1 0.1 69.4 7.5 2116.2 *
t,(s) 0.1 0.1 0.1 0.1 0.8 0.8
E, 1.613 12.577 334.669 375.904 1501.193 1604.669
Adac E, 0.354 2.370 31.466 34.023 103.976 107.972
(HR) t(5) 0.1 0.1 96 22 1531.4 *
t,(s) 0.01 0.01 0.01 0.01 1.7 2.3
E, 20.767 38.484 950.49 107092 4000.215 4340.254
Siemens E, 7.085 9.79 96.139 106.919 298.939 329.114
(GU) t,(s) 0.01 0.01 70.1 79.9 4295.6 *
t,(s) 0.01 0.01 0.1 0.1 0.1 0.1
E, 6.875 21.434 622.484 835.763 3134.258 3433.366
Siemens E, 1.613 4.038 68.256 80.027 226.720 235.755
(HR) t(5) 0.01 0.01 66.1 70.9 41952 *
t,(s) 0.01 0.01 0.1 0.1 0.1 0.1

Table 3: Counting entropy Ec and multiplex entropy Ey values

Collimators D(mm) 10 16 110 116 210 216
Eun 0 5476 420.058 474.858 2011.006 2155111
Adac HR Ec 1504 1613 2.017 2.051 2316 2333
Siemens HR Eum 0 16.306 1095.834 1252.251 57425 6159.435
Ec 1.613 1.734 2.299 2342 2.596 2.604
RESULTS AND DISCUSSION Simulation: The simulations based on entropy, include

The measurements are performed for different
samples and various collimators mounted at variable
distance from the source. Detailed results concerning
the entropy E ones are presented in table form. The
obtained results E will be compared to classical
parameters associated with scintigraphic image quality
as the ratio signal on noise SNR, spatial resolution R
and sensitivity p.

multiplex, counting effects and spatial uncertainty. By
application of equations (7, 9), global entropy has been
computed. Table 2 contains both K, (Eq 7) and E; (Eq
9) entropy with their corresponding machine time, for
the available densities. In addition, the table (3)
presents the values of counting entropy E¢ and those of
the multiplex entropy Hy according to D. This table
shows that the multiplex effect is more dominant than
counting effect for more important D. For an average
volume Muyey < 1 voxel (for D < 10mm in this case), the
multiplex entropy (Hyg) 1s equivalent to zero.

810
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Fig. 5: E, entropy variation accerding to D7 for different collimateor
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The data 1s presented in two groups of plots; each
group has four plots (Fig. 4, 5). Although difference E,
— E; 1s large for a vanety of source-collimator distance
D; The plot AE=E; — E; versus D (as shown in Fig. 4)
shows that the spatial uncertainty effect is desirable
when D is the lowest. That 1s why E, entropy can be
retained instead of FE; entropy to characterize
scintigraphic images. In addition, machine time 1s
considerably saved during E; calculation mainly when
D increases. Thus, in using these results, the first
decision to make is to be used E, instead of E; in the
case of scintigraphic image where D 1s not important.

Approximate Expression of The Entropy E: From
the values simulated of E obtained above corresponding
to D, the fitting curve reveals that E can be written as
follows:

B (D)=a D™ + by (12)
While D exponent is always equal to 2.5, the g; and by
coefficients are dependent on collimator parameters.
The plot reported in Fig. 5, confirms the linear
variation of E in term of D*°. The values of coefficients
are summarized in table (4).

Table 4: a; and b; coefficients values

Adac  Adac  Siemens Siemens
GuU IR GuU R
a; 107 3 2 4 4
b 1791 6.16 22.55 13.07

In addition, it is checked that & p** and by p** vary
in linear manner according to d% so explicit formula
can be written:

g; p'P=(46 d* +130) 10™
b p*® =315 &+ 300

(13)
(14)

The analytical form of E(D,d,p) becomes as follows:

2 4 5

4/3
p p4/3

As this formula shows, the good value of E is
obtained by using small - hole diameters, bringing the
collimator as close as possible to the source, and using
a thick slab of lead. The explicit form of entropy (Eq
15) 1s useful to make an optimal choice of acquisition
and collimator parameters, one has to remind that
decreasing E permits to get best scintigraphic images.

Analysis of Scintigraphic Images: With JAVA
IMAGE J, we analysed the uniform source images
acquired by various collimators for different values of
D. All of them are characterized by a non uniform
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histogram; the number of detected photons varies from
one pixel to another. Each histogram gives the number
of pixels (Y-axis) with respect to the number of
detected photons by pixel (X-axis). The plot reported in
Fig. 6, presents the histogram and image acquired by
adac HR collimator (for D=10mm 1in this case).

As this Fig. shows, the standard deviation named
2c can be appraised by the FWHM (full width at half
maximum) of the histogram. Similar conclusions can be
obtained in the other cases; the results are summarized
in table ().

This makes up a method to characterize the noise
(o) and obtain the non-uniformity coefficient (which is
taken equal to the ratio o/n,). So we can see that for all
these acquisitions the noise exists. The question is in
which way the noise is related to the entropy to have an
idea about the image quality.

The parameters associated with scintigraphic image
quality mainly signal-noise ratio, spatial resolution,
sensitivity, o/n, ratio and entropy are reported in table
5. By reading these values, scintigraphic images may be
compared to each other.

DISCUSSIONS

At present, the images obtained in monophotonic
imagery, have a poor space resolution (10 mm) and a
low sensitivity (10 but they are still utilised and
exploited for their dynamic characters!®. Moreover,
the image quality seems to be extremely dependent on
co}llimator geometry and distance source-collimator™”
2
Figure 4 as well as table 2, show that E; entropy (Eq 7)
and E, entropy (Eq 9) have the same behavior
according to the distance source-collimator (D) with an
advantage in the machine time. This result reveals that
E,; entropy can be replaced by E; one which is easier to
be computed. The access to E; value and the knowledge
how it evolves may be precious during collimator
design. The explicit form of entropy (Eq 15) according
to the acquisition parameters: D, p, and d, is worth to be
reviewed and eventually improved by new acquisitions.
The purpose of this formula is to assist the investigator
to decide which acquisition parameters to use.

Up to now, the image quality is estimated separately
through the acquisition parameters, the entropy seems
to be the unique function where these parameters exist
together. Then the impact on quality due to any change
in parameters can be valued from the entropy variation.
Assuming an experiment with the same collimator, the
entropy and o/n, vary in the same direction with respect
to D. Therefore decreasing D is the best mean to
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mmprove the image quality. The collimator’s previous
worksl #2253 hased on the estimate of the impulse
response lead to study only the spatial resolution, the
sensitivity and septal transparency. However from table
4 and by comparing cameras equipped with HR
collimator, one notices that the sensitivity 1s in favour
of Siemens camera (1.1 10™ against 10™) whereas the
spatial resolution is in favour of Adac camera (3.94 mm
against 4.225 mm). Adac images are better since the
ratio o/n, is lower; this result is coherent with the
entropy. It is noted that new acquisition parameters as
internal photon density n, intrinsic resolution R; and
voxel dimension v, have to be included to get a
generalized form of the entropy method.

CONCLUSION

The scintigraphic  acquisition entropy  was
introduced to analyze the noise in gamma camera
images. The entropy is formulated on the basis of
collimator characteristics as well as source parameters.

The image quality related to a uniform source has
been studied by the entropy method. It was
demonstrated that it is in agreement with the histogram
analysis. Thus, the obtained explicit form of the entropy
inquires about scintigraphic image quality. It connects
simply and explicitly the entropy with the acquisition
parameters. This method can be utilized instead of
spatial resolution, sensitivity and SNR ratio considered
together.

The acquisition entropy provides a simple tool to
compare various types of gamma cameras. The
optimization of the acquisition parameters will
contribute to the improvement of the scintigraphic
image quality.
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