
(19) United States 
US 20010050969A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0050969 A1 
Sembritzki et al. (43) Pub. Date: Dec. 13, 2001 

(54) METHOD FOR GENERATING A RESULTANT 
TOMOGRAM FROM A NUMBER OF 
TOMOGRAMS REGISTERED WITH A 
COMPUTER TOMOGRAPHY (CT) 
APPARATUS 

(75) Inventors: Otto Sembritzki, Wachenroth (DE); 
Heinrich Wallschlaeger, Erlangen (DE) 

Correspondence Address: 
Schi?', Hardin & Waite 
Atten: Patent Department 
6600 Sears Tower 
Chicago, IL 60606-6473 (US) 

(73) Assignee: Siemens Aktiengesellschaft 

(21) Appl. No.: 09/736,312 

(22) Filed: Dec. 15, 2000 

(30) Foreign Application Priority Data 

Dec. 17, 1999 (DE) ...................................... .. 199610932 

Publication Classi?cation 

1 m. . ........................... .. ;A61B 6/00 5 I C17 G01N 23/00 
(52) Us. 01. ............................................... ..378/4; 378/901 

(57) ABSTRACT 

In a method for generating a resultant tomogram from a 
number of tomograms registered With a computed tomog 
raphy (CT) apparatus by scanning slices of an examination 
subject that have different, ?xed positions during the scan on 
a system axis proceeding at a right angle relative to the 
slices, the attenuation values acquired in the scanning of the 
individual slices are superimposed to form resulting attenu 
ation values, and the resultant tomogram is reconstructed 
from the resulting attenuation values. 
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METHOD FOR GENERATING A RESULTANT 
TOMOGRAM FROM A NUMBER OF 
TOMOGRAMS REGISTERED WITH A 

COMPUTER TOMOGRAPHY (CT) APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is directed to a method for 
generating a resultant tomogram from a number of tomo 
grams registered With a computed tomography (CT) appa 
ratus by scanning slices of an examination subject that are at 
different, ?xed positions during the scan on a system axis 
proceeding at a right angle relative to the slices, i.e. What are 
referred to as transverse slices. 

[0003] 2. Description of the Prior Art 

[0004] The registration of a sequence of tomograms is a 
standard technique With great signi?cance in computed 
tomography. Due to the feed of the examination subject 
relative to the measuring unit that occurs betWeen the 
individual tomograms, the individual tomograms are allo 
cated to different Z-positions, the Z-coordinate indicating the 
relative position of the slice of the examination subject 
imaged in the tomogram With respect to the Z-direction 
residing at a right angle relative to the slice plane. 

[0005] Without further measures, it is not possible to 
acquire tomograms for Z-positions other than those allocated 
to the registered tomograms. It is also not possible to select 
the effective slice thickness belonging to the respective 
nomogram, i.e. the half-Width value of the slice sensitivity 
pro?le belonging to the tomogram, deviating from the 
collimated slice thickness this is set by diaphragms, i.e. the 
expanse in Z-direction of the X-ray beam employed for the 
registration of the tomogram. 

[0006] Therefore, in knoWn methods of the type initially 
described, the tomograms are simply calculated from the 
measured data generated in the scan Without in?uencing the 
effective slice thickness or the Z-position of the individual 
tomograms. This is considered as disadvantageous in prac 
tice for the folloWing reasons: 

[0007] When subjects, for example organs, or parts 
thereof project only partially into the slice of the 
examination subject to be imaged in the respective 
tomogram, a partial volume artifact arises. It is 
expressed in a modi?cation of the measured data 
characteriZing the respective subject or subject part 
and its environment; the contour of the subject or 
subject part itself also can be changed. Partial vol 
ume artifacts become more frequent as the colli 
mated slice thickness becomes larger. Although a 
reduction of the collimated slice thickness reduces 
the occurrence of partial volume artifacts, it simul 
taneously increases the noise amplitude. 

[0008] If diagnostically relevant regions of an exami 
nation subject are to be imaged With different effec 
tive slice thicknesses, then a number of sequences 
With different slice thicknesses must be registered , 
causing undesirably increased radiation stress for the 
examination subject. 

[0009] The measured data acquired during the course 
of a sequence alloW the reconstruction of tomograms 
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only for those Z-positions for Which tomograms Were 
in fact registered during the sequence. If it turns out 
later that tomograms of deviating Z-positions Would 
be helpful, then these tomograms must be addition 
ally registered, Which likeWise means an additional 
radiation stress for the examination subject. 

[0010] In order to avoid these disadvantages at least to a 
certain extent, it is knoWn to acquire a resultant tomogram 
from a number of tomograms of a sequence by forming an 
average value. For example in that a resultant tomogram 
having the effective slice thickness nd is calculated from n 
adjoining tomograms having the collimated slice thickness 
d. HoWever, the reconstruction time for n individual tomo 
grams is required for the calculation of such a resultant 
tomogram since these all must be available before the 
averaging. Such a multiplication of the calculating time is 
ultimately prohibitive for the described procedure. 

[0011] German OS 196 25 863 and CraWford et al, “Com 
puted Tomography Scanning With Simultaneous Patient 
Translation,” Med. Phys. 17(6), Nov/Dec. 1990, pages 
967-982, disclose determining the data that belong to a slice 
exhibiting a speci?c position on the system axis during the 
course of the image reconstruction in spiral scanning on the 
basis of spiral interpolation. The data belonging to the slice 
to be reconstructed are acquired for the individual projection 
angles by an interpolation betWeen data that exhibit the 
respective projection angle but have positions on the system 
axis that deviate from the position of the slice. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to provide a 
method of the type initially described that alloWs the gen 
eration of a resultant tomogram Without the disadvantage of 
multiplication of the calculating time. 

[0013] The above object is achieved in a method for 
generating a resultant tomogram from a number of tomo 
grams registered With a computed tomography apparatus in 
accordance With the invention, by scanning slices of an 
examination subject that have different, ?xed positions dur 
ing the scan along a system axis Which proceeds at a right 
angle relative to the slices. The attenuation values acquired 
in the scanning of the individual slices are superimposed to 
form resulting attenuation values and the resultant tomo 
gram is reconstructed from these resulting attenuation val 
ues. 

[0014] The system axis preferably but not necessarily 
proceeds at a right angle to the planes of the slices. 

[0015] It is important for the invention that no superim 
position of tomograms occurs, but, rather, the generation of 
the resultant tomogram ensues on the basis of the superim 
position of attenuation values belonging to the tomograms to 
be superimposed to form resultant attenuation values Which 
form the basis from Which the resultant tomogram is recon 
structed. 

[0016] The calculating time required for the generation of 
the resultant tomogram is not signi?cantly longer than the 
time required for the reconstruction of a single tomogram, 
since the determination of resultant attenuation values is less 
time-consuming compared to the reconstruction of a tomo 
gram. 
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[0017] It is advantageous in the inventive method that an 
in?uencing of the noise amplitude of the resultant tomogram 
as Well as of the effective slice thickness of the resultant 
tomogram is possible, namely by modi?cation of at least one 
of the parameters NS (number of slices involved in the 
superimposition), g(Z) (Weight With Which the respective 
slice contributes to the result of the superimposition) and AZ 
(distance betWeen tWo successive layers involved in the 
superimposition). 
[0018] There is also the possibility of reducing the inten 
sity of partial volume artifacts. 

[0019] The radiation exposition and the dWell time of the 
patient in the CT apparatus are reduced in the following 
applications, that have not been possible With the knoWn 
procedures for the registration of sequences: 

[0020] For investigations Which require effective 
layer thicknesses of different siZes (for example, soft 
tissue and bone diagnostics in the same volume), 
there is the possibility of implementing bone diag 
nostics With tomograms that are reconstructed for the 
collimated slice thickness on the basis of the 
unmodi?ed attenuation values. Although these have 
a higher noise amplitude due to the small collimated 
slice thickness, they are observed With a WindoW 
Width that is far greater than the noise amplitude. 
Soft tissue diagnostics can then be performed With 
resultant tomograms that are calculated, With the 
inventive method according to Equation (3) 
explained beloW, for example With NS=5 and AZ=d, 
from resultant attenuation values calculated from 
attenuation values acquired in the course of the same 
sequence. This procedure is advantageous for the 
patient because the patient is not exposed to the 
radiation of a second scan With a larger collimated 
slice thickness and the patient need not remain in the 
CT apparatus for the duration of a second scan. 

[0021] The same advantage is also achieved When 
effective slice thicknesses of different siZe are 
needed in volume regions adjacent to one another. 
The registration of the attenuation values for the 
entire volume covering adjacent volume regions can 
then be implemented in the course of one and the 
same sequence With a single (small) collimated slice 
thickness, and a second sequence With a different 
collimated slice thickness is completely eliminated. 
The effective slice thickness suitable for the respec 
tive volume region is then selected in the reconstruc 
tion of resultant tomograms. 

DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a perspective vieW of an inventive CT 
apparatus for implementation of the inventive method. 

[0023] FIG. 2 is a schematic, block circuit diagrammatic 
illustration of the CT apparatus according to FIG. 1. 

[0024] FIG. 3 is a diagram illustrating the acquisition of 
the measured data to be processed according to the sinven 
tive method. 

[0025] FIG. 4 is a diagram illustrating the functioning of 
the inventive method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] FIG. 1 shoWs a CT apparatus that has a patient 
positioning table 1 With a support plate 2 that is displaceable 
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in the direction of the double arroW Z in the direction of its 
longitudinal axis parallel to the system axis of the CT 
apparatus, the support plate 2 mounted to a base 3 so as to 
be adjustable in height. 

[0027] An examination subject lying on the support plate 
2, for example a patient 11 (see FIG. 2), can be positioned 
into the measurement opening 4 of a measuring unit 5 by a 
corresponding longitudinal displacement of the support 
plate 2. 

[0028] As can be seen from FIG. 2, the measuring unit has 
a live rim 6 surrounding the measurement opening 4 and at 
Which an X-ray source 7 and a detector system 9 are 
arranged lying opposite one another. The detector system 9 
in the exemplary embodiment is formed by an arcuately 
curved line of, for example, 512 detector elements. A 
channel angle [3 is allocated to each detector element. 

[0029] The X-ray source 7 has a focus 10 from Which a 
fan-shaped X-ray beam 8, incident on the detector system 9, 
emanates. 

[0030] A display 17 for the display of tomograms is 
connected to an electronic calculating unit 13. An input 
instrument, a mouse 19 in the illustrated exemplary embodi 
ment, is also connected to the electronic calculating unit 13. 
This input instrument alloWs the CT apparatus to be operated 
on the basis of graphic operating menus that can be dis 
played on the display 17. 

[0031] Acontrol unit 14, operates drives 15 and 16 respec 
tively allocated to the live rim 6 and to the support plate 2 
for controlling the rotary motion of the live rim 6, and the 
longitudinal motion of the bearing plate 2. The control unit 
14 also controls a voltage generator 12 that supplies the 
X-ray source 7. 

[0032] For scanning the patient 11 lying on the support 
plate 2, the live rim 6 is rotated in the ot-direction around the 
system axis Z that proceeds centrally through the measure 
ment opening 4 and resides at a right angle relative to the 
plane of the draWing of FIG. 2. This rotation moves the 
focus 10 of the X-ray source 7 on a circular path that lies in 
a plane residing at a right angle relative to the system axis. 
The fan-shaped X-ray beam 8 emanating from the X-ray 
source 7, fed by the high-voltage generator 12, transirridi 
ates a planar slice of the patient 11 that proceeds at a right 
angle relative to the system axis 2. 

[0033] At predetermined angular positions, referred to as 
projection angles ot, the output signals of the detector 
elements of the detector system 9 for the corresponding 
projections are supplied to the electronic calculating unit 13 
that uses these output signals to calculate the attenuation 
values of the slice of the patient 11 covered by the X-ray 
beam 8 and belonging to the individual detector elements 
and, thus, channel angles [3. 

[0034] Since the support plate 2 is displaceable in the 
direction of the system axis Z, a volume of the patient 11 can 
be scanned so that, as shoWn in FIG. 3, a number of parallel 
slices E1 through EM) that preferably adjoin one another, are 
successively scanned (referred to as a sequence scan), sets of 
attenuation values corresponding to the scanned, planar 
slices are supplied to the electronic calculating unit 13. 
Using these values, the electronic calculating unit 13 deter 
mines tomograms on the basis of knoWn reconstruction 
algorithms. The effective slice thickness of the reconstructed 
tomograms corresponds to the collimated slice thickness set 
in the scanning of the examination subject, and the Z-posi 
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tions of the slices imaged in the reconstructed tomograms 
correspond to the Z-positions of the support plate 2 While 
scanning the examination subject 11. 

[0035] Ultimately, thus, attenuation values S(ot, [3, Zj) of 
the scanned slices are available, Whereby 

[0036] [3 is the fan angle of the respective attenuation 
value, 

[0037] 0t is the projection angle of the respective attenu 
ation value, 

[0038] Z]- is the position on the system axis (Z-position) 
belonging to the respective attenuation value. 

[0039] If the CT apparatus according to FIGS. 1 and 2 
Were operated so that the tomograms are not directly cal 
culated in accordance With the initially described disadvan 
tages Would be present. 

[0040] The operation of the CT apparatus on the basis of 
the inventive method offers additional degrees of freedom 
that alloW the aforementioned disadvantages of the knoWn 
methods to be avoided or at least reduced, namely by 
determining resultant attenuation values S(ot, [3, Zj) for the 
table position ZI from the attenuation values S(ot, [3, Zj). 

[0041] In the superimposition of the attenuation values of 
individual tomograms registered in the scanning of a number 
of different Z-positions, the additional parameters of number 
of slices NS involved in the superimposition, distance 
betWeen tWo successive slices involved in the superimposi 
tion in Z-direction, ZJ-+1, —Z]- and degree of the contribution 
g(Zr—Z]-) of the attenuation values of the jth slice involved in 
the superimposition arise for the resultant attenuation val 
ues. The general case of the inventive method is established 
by 

Ng 2 gm — mm. ,3, Zj) 

[0042] With ot=0, . . . 2n and [3=[31, . . . [3N. AZj=ZJ-+1—ZJ- Will 
usually be constant, the distance betWeen tWo neighboring 
tomograms is the same. This, hoWever, is not a necessary 
condition for the functionability of the inventive method. 

[0043] The signi?cance of Equation (1) is additionally 
illustrated by FIG. 4, Which shoWs an example With NS=3. 
The scanning of the individual slices E1 through E3 With the 
collimated slice thickness d ensued With a distance of 
AZ=0.75d betWeen neighboring slices. As an example, 

3|Z| (Z) 
1 — m |Z| 5 4/ 3A1 

g(z) : for 

0 otherwise 

[0044] Was selected for g(Z). 

[0045] The inventive method de?ned by Equation (1) 
offers a number of advantages over knoWn methods: 

[0046] Since the calculation operates on attenuation 
values, only as many tomograms as required are 
calculated. This reduces the calculating time for the 
reconstruction of a resultant tomogram by the factor 
NS compared to a superimposition of tomograms. 
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[0047] A further time advantage arises in that, due to 
the large effective slice thicknesses that the resultant 
tomograms can comprise in the inventive method, 
noticeably feWer tomograms are required for cover 
ing a speci?c volume With tomograms compared to 
the traditional procedure given sequence exposures 
With loW collimated slice thicknesses. The diagnosis 
by the physician thus takes correspondingly less 
time. The documentation outlay is also reduced. The 
gains that can be achieved here are dependent on the 
collimated slice thickness that has been set as Well as 
on the distance in the Z-direction betWeen the indi 
vidual slices, and on the selected image reconstruc 
tion increment. 

[0048] In addition to the advantages of the conven 
tional procedure in sequence exposures, the effective 
slice thickness of the tomograms also can be selected 
in the inventive method in addition to the Z-position 
and the Z-spacing of the tomograms from one 
another. 

[0049] The inventive method can be implemented in vari 
ous embodiments With speci?c properties, With the speci?c 
properties, Which lead to different resultant tomograms, 
being respectively dependent on the combination of NS, 
Z_ —Z]- and g(Z) being employed. 

[0050] According to a ?rst embodiment of the inventive 
method, for example, a suitable selection of AZ, g(Z) and of 
NS yields the possibility of varying the noise amplitude of a 
resultant tomogram independently of the noise amplitude 
that a tomogram reconstructed out of unmodi?ed attenuation 
values Would exhibit. When, for example, one selects 

[0051] AZ=d and 

l |Z| s 0.5(Ng — 2)AZ (3) 

g(z) = 1- W for 0.5(1vS - 2m < |Z| 5 0.51vSAZ 

0 otherwise 

[0052] then one obtains 

i 1 NS (4) 

so, B. z.) = min -zJ->S<w. B. q) 
j:l 

[0053] from Equation 

[0054] Aresultant tomogram reconstructed on the basis of 
these resultant attenuation values exhibits a noise amplitude 
of approximately 

[0055] Where od is the noise amplitude of an individual 
tomogram With the collimated slice thickness that Was 
registered during the course of a sequence. The resulting 
slice thickness of the resultant tomogram is 

[0056] According to a second embodiment of the inven 
tive method, a suitable selection of AZ]-, NS and g(Z) yields 
the possibility of varying the half-Width value of the slice 
sensitivity pro?le, ie the effective layer thickness, of the 
resultant tomogram independently of the collimated slice 
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thickness. When, for example, one selects NS=4, AZj=AZ=d/2 
and 

l+w—(l+l.5w)H lzlsAz (7) 
AZ 

g(z) = Wlzl 
TZ-w forAz<|z|s2Az 
0 otherwise 

[0057] then this leads to an effective slice thickness 

de?=05d (s) 

[0058] and to a noise amplitude of 

41 (9) 
0' _ Q o'd 

[0059] given a reconstruction of resultant tomograms at 
the Z-positions Zk=Z1+(k+0.5)AZ with the value w=0.25. 

[0060] For setting the effective slice thickness delf of the 
resultant tomogram, a further embodiment of the inventive 
method provides that the following is valid for AZ and g(Z): 

AZ=d 

[0061] and 

1 |Z| 5 0.5(1vS - 2m 

g(z) = 1- W for 0.5(1vS - 2m < |Z| 5 0.5mm 

0 otherwise 

[0062] and with N5 is selected according to the equation 

1 

- For 

[0063] for achieving a desired noise amplitude a of the 
resultant tomogram. 

[0064] According to another version of the inventive 
method, the reduction of partial volume artifacts is also 
possible when 

A1 = d 

1 |Z| 5 0.5(1vS - 2m 

g(z) = 1- W for 0.5(NS - 2m < |z| 5 0.5mm 

0 otherwise 

[0065] and 

NS>4 

[0066] are valid for AZ, g(Z) and NS. 
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[0067] This embodiment of the inventive method unites 
the low artifact amplitude of a scan having a small colli 
mated slice thickness d with the low noise amplitude of a 
scan having a large collimated slice thickness d, which 
represents a signi?cant clear improvement over known 
methods. 

[0068] Regardless of the embodiment of the inventive 
method employed for the reconstruction of the resultant 
tomogram, a reduction of the calculating time compared to 
known methods is achieved since only a single tomogram, 
namely the resultant tomogram, has to be calculated instead 
of NS tomograms, whereby the calculating time required for 
the determination of the resultant attenuation values can 
normally be neglected. 

[0069] With the inventive method, moreover, a reduction 
of the radiation stress on the examination subject is always 
achieved as a result of the fact that, with the inventive 
method, resultant tomograms with parameters that would 
require the implementation of a further scan using known 
methods can be reconstructed on the basis of a single scan. 

[0070] In the exemplary embodiment, the relative motion 
between the measuring unit 5 and the support plate 2 is 
generated by displacing the support place 2. It is also 
possible in the inventive method, however, to leave the 
support plate 2 stationary and to displace the measuring unit 
5 instead. There is also the possibility within the scope of the 
invention of generating the necessary relative motion by 
displacing both the measuring unit 5 and the support plate 2. 

[0071] An electronic control unit 14 serving essentially for 
the control of the CT apparatus and an electronic calculating 
unit 13 serving essentially for image generation, are pro 
vided in the described exemplary embodiment. Instead, a 
single control and calculating unit can be used that assumes 
both the tasks of control and of image generation. 

[0072] The above-described CT apparatus has a detector 
system with a single line of detector elements. Within the 
scope of the invention, a number of lines of detector 
elements, for example 16 lines of 800 detector elements 
each, or matrix-like arrangements of detector systems com 
prising detector elements, can be used instead. If so, a 
pyramidal or conical X-ray beam adapted to the arrangement 
of the detector elements will emanate from the X-ray source, 
rather than a fan-shaped X-ray beam. 

[0073] The invention has been described above with ref 
erence to the example of a CT apparatus with a vertically 
oriented gantry wherein the measurement plane and the 
Z-direction are perpendicular to one another. It is also 
possible to employ the inventive method for data registered 
with a gantry inclined by the angle y relative to the vertical. 
In this case, calculations are to be carried out with the 
numerical values AZ/cosy instead of the numerical values AZ. 

[0074] The invention has been described above with ref 
erence to the example of a CT apparatus of the third 
generation, wherein the X-ray source and the detector sys 
tem rotate in common. However, the inventive method also 
can be used in a CT apparatus of the fourth generation, 
wherein a rotating X-ray source collaborates with a station 
ary ring of detector elements. 

[0075] The inventive method can also be employed in a 
CT apparatus of the ?fth generation, wherein the X-rays 
emanate not only from one focus but from a number of foci 
of one or more X-ray sources displaced around the system 
ax1s. 
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[0076] The above-described exemplary embodiments 
relate to the medical application of the inventive method. 
The invention, however, also can be applied beyond medi 
cine, for example in baggage inspection or in the inspection 
of materials. 

[0077] Although modi?cations and changes may be sug 
gested by those skilled in the art, it is the intention of the 
inventors to embody within the patent warranted hereon all 
changes and modi?cations as reasonably and properly come 
within the scope of their contribution to the art. 

We claim as our invention: 

1. A method for generating a resultant tomogram from a 
plurality tomograms registered with a computer tomography 
apparatus comprising scanning slices of an examination 
subject that have different attenuation values acquired dur 
ing the scan at ?xed positions on a system axis, superim 
posing the attenuation values acquired when scanning the 
individual slices to form resulting attenuation values, and 
reconstructing a resultant tomogram from the resulting 
attenuation values. 

2. A method according to claim 1, wherein the superim 
position of the attenuation values acquired in the scanning of 
the individual slices to form resulting attenuation values 
ensues according to 

wherein 

S(ot, [3, Zj) are the attenuation values of the several slices, 
and 

[3 is a fan angle of the respective attenuation value, 

0t is a projection angle of the respective attenuation 
value, 

Z]- is a position on a system axis (Z-position) belonging 
to the respective attenuation value, 

wherein 

§((X, [3, Zr) is the result of the superimposition (resulting 
attenuation values) of the attenuation values of the 
several slices, and 

ZI is the position on the system axis belonging to the 
resulting attenuation values, 

and wherein 

N5 is a plurality of slices involved in the superimposition, 

g(ZI—Z]-) is a strength of the contribution of the jth slice to 
the result of the superimposition. 

3. A method according to claim 2, comprising modifying 
a noise amplitude of the resultant tomogram by modifying at 
least one of the parameters AZ, g(Z) and NS, whereby AZ is 
the distance between two successive slices involved in the 
superimposition. 
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4. A method according to claim 3, wherein 
AZ=d 

and 

1 Ill 5 0, 5W; — Z)AZ 

- 0, 5 NS - 2 A 
g(z) = 1- W for 0, 50v, - 2m < |Z| 5 0, SN, A1 

Z 

0 otherwise 

are valid for the parameters AZ and g(Z) and that the 
parameter N5 is selected according to 

for achieving a desired noise amplitude of the resultant 
tomogram, whereby 

o is a noise amplitude of the resultant tomogram, and 

(Id is a noise amplitude of an individual tomogram having 
the collimated slice thickness d. 

5. A method according to claim 2, comprising in?uencing 
an effective slice thickness of the resultant tomogram by 
modifying at least one of AZ, g(Z) and NS, wherein AZ is a 
distance between two successive slices involved in the 
superimposition. 

6. A method according to claim 5, wherein 
AZ=d 

and 

are valid for the parameters AZ and g(Z) and that the 
parameter N5 is selected according to the equation 

de?=(Ns_1)d 
wherein 

deff is an effective slice thickness of the resultant tomo 
gram, and 

d is a collimated slice thickness of an individual tomo 
gram. 

7. A method according to claim 2, wherein 
AZ=d 

and 

1 lzl S 0, 5W; — Z)Az 

- 0, 5 N, - 2 A 
g(z) = 1- W for 0, 50v, - 2m < |Z| 5 0, SN, A1 

z 

0 otherwise 

and 

NS>4 
are valid for the parameters AZ (distance between two 

successive slices involved in the superimposition), g(Z) 
and NS. 


