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( 7 1 ) W e , S I E M E N S 
A K T I E N G E S E L L S C H A F T , a G e r m a n c o m -
pany of Berlin and Munich, Germany, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following s ta tement : -

This invention relates to tomographic 
10 scanning apparatus. 

According to this invention, there is pro-
vided apparatus for examining a subject by 
means of penetrat ing radiation and provid-
ing a digital output signal for use in recon-

15 struction of a two-dimensional representa-
tion of the structure residing in a thin sec-
t ion t aken th rough said sub jec t , t he 
apparatus comprising: 

an assembly rotatable about an axis 
20 extending along a central opening defined 

therein; 
means for positioning the portion of the 

subject to be examined within the said cen-
tral opening, whereby the said axis of 

25 assembly rotation is substantially perpen-
dicular to the said section; 

a s o u r c e of p e n e t r a t i n g r a d i a t i o n , 
mounted on the said assembly toward one 
side thereof and providing radiation in the 

30 form of a fan beam; 
detector means for the said radiation, 

positioned on the said assembly opposite the 
said source, for detecting radiation progres-
sing laterally across the said section and not 

35 absorbed by the subject; 
means for rotating the said assembly 

whereby the said fan beam impinges upon 
the subject f rom a plurality of source posi-
tions; 

40 signal processing means mounted on the 
said assembly and movable therewith for 
receiving the output signals f rom the said 
detector means and amplifying the said 
signals; and 

45 interconnection means for receiving the 
output signals f rom the said signal proces-
sing means and enabling interfeed of these 
output signals to an image reconstruction 
station. 

50 The apparatus could fur ther include sec-

ond interconnection means for enabling 
power and control inputs to the said radia-
tion source. In this case, the first and second 
interconnection means preferably comprise 
slip ring means rotatable with the said 55 
assembly. 

The said detector means could comprise a 
plurality of detector elements providing a 
plurality of output signals, the said signal 
processing and conditioning means includ- 60 
ing: a plurality of amplifiers and integrators 
for amplifying and integrating the analog 
signal levels provided by the said detector 
means; means for receiving the outputs 
f rom the said amplifier and integrator 65 
means and multiplexing the same; and 
analog-to-digital converter means for con-
verting the multiplexed analog signals to 
digital form. 

The said radiation source preferably 70 
comprises an X-ray tube, and means for 
pulsing the said tube to provide a pulsed 
X-ray output . 

The invention will now be described by 
way of example with reference to the 75 
accompanying drawings, in which: 

Fig. 1 is an external perspective view, 
somewhat schematic in nature, of scanning 
apparatus in accordance with an example of 
the present invention. 80 

Fig. 2 is a perspective view, again some-
what schematic in nature, depicting the 
rotatable assembly portion of the Fig. 1 
apparatus. 

Fig. 3 is a side elevational view of the 85 
apparatus of Figs. 1 and 2 herein, the view 
being partially broken-away and sectioned. 

Fig. 4 is a simplified electrical block diag-
ram setting forth the control and circuit 
elements utilized in the apparatus of Figs. 1, 90 
2 and 3; the said view, fur ther , illustrates 
interaction of the elements in the said 
apparatus .with the remaining portions of a 
computerized tomography system in which 
the apparatus is incorporated. 95 

Fig. 5 is an electrical schematic block 
diagram of a preferred form of amplifier and 
mul t ip l ex ing c i rcui t u t i l i zab le in t h e 
apparatus, which circuit enables detector 
signal channel calibration as an incident of 100 
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patient examination. 
Fig. 6 is a front end view of the slip ring 

assembly portion of the Figs. 1 to 3 
apparatus, the view being taken in the direc-

5 tion 6-6 of Fig. 3; and 
Fig. 7 is an elevational view, partially sec-

tioned and broken-away, of the apparatus 
depicted in Fig. 6, the view being taken 
along the line 7-7 of Fig. 6. 

10 In Fig. 1 herein an external perspective 
view appears, the view being somewhat 
simplified in nature and setting forth scan-
ning apparatus 10 in accordance with an 
example of the invention. This view may be 

15 considered simultaneously with the views of 
Figs. 2 and 3. Apparatus 10 is seen to com-
prise generally an external casing 12 within 
which a frame 14 (Fig. 3) supports a rotat-
able assembly 16, which assembly is better 

20 seen in Fig. 2. Scanning apparatus 10 forms 
part of a computerized tomography system, 
the remaining elements of which will be 
further described in connection with Fig. 4, 
and which principally include control, image 

25 reconstruction elements, and image display 
elements, most of which are contained at a 
control and image reconstruction station 
generally designated at 20. Apparatus 10 is 
in communication with station 20 via vari-

30 ous control lines as schematically indicated 
at link 18 in Fig. 1, which is to say that digi-
tal information obtained in consequence of 
the scanning operations effected by 
apparatus 10 are furnished to station 20; 

35 and the latter, in turn, provides both control 
information for actuating apparatus 10, as 
well as the various power and excitation 
potentials, e.g. for the radiation source, the 
motor, and other elements which are pres-

40 ent in apparatus 10. 

Rotatable assembly 16 includes an outer 
cylinder 22 of stainless steel or other metal, 
and is adapted to be rotated in direction 24 
about its central axis 26, by means of a 

45 motor 28, the drive wheel 30 of which bears 
against a drive collar 32 which is secured 
about cylinder 22. Wheel 30 may thus 
include a rubber surface 34 or the like, 
which by virtue of its high coefficient of fric-

50 tion, is effective in causing non-slip rotation 
of cylinder 22. 

By comparing Figs. 1 and 2 it will be evi-
dent that the central opening 36 of rotatable 
assembly 16 serves to receive a patient 54 

55 who is to be examined within apparatus 10. 
A sleeve 38 of plastic or the like is secured 
to casing 12, and provides a stationary 
reference frame which has certain advan-
tages - especially psychologically for the 

60 patient who is positioned within opening 36. 
The patient 54 during use of apparatus 10 

is positioned upon the top surface 42 of a 
positioning bench 40, the surface 42 being 
movable along axis 26 so as to enable 

65 movement of patient 54 into the apparatus. 

A laser source 44 is positioned in front of 
apparatus 10 at an overhead position (Fig. 
3) so that the beam 46 thereof impinges 
upon the patient at an axial location - to aid 
in proper alignment of the patient during 70 
the examination process. The laser may also 
be affixed to portions of casing 12. The 
bench 40 may include actuating means 
which will be further discussed in connec-
tion with Fig. 4, which enable incremental 75 
advance of same, so as to facilitate succes-
sive transverse scan sections through the 
body of patient 54 and which also enable 
movement of the bench in other directions 
to facilitate patient positioning. 80 

The forward end of assembly 16 carries a 
plate 48, at the periphery of which is 
mounted a radiation source 50 - comprising 
an X-ray source capable of projecting an 
X-ray pattern in the form of a fan beam 52. 85 
Fan beam 52 is yielded by collimators (not 
shown) which are positioned in front of the 
X-ray emission source - as is known in the 
art. Fan beam 52 is preferably (though not 
necessarily) at least as wide as the object to 90 
be examined, which in the present instance, 
of course, constitutes patient 54. 

Detector means, generally indicated at 56 
is mounted directly opposite source 50, i.e. 
toward the opposite edge of plate 48. The 95 
detector means comprises an array of ion-
ization chambers, such as xenon-krypton 
detectors, although other types of detectors 
suitable for use with X-rays and similar elec-
tromagnetic radiation may be utilized, such 100 
as crystal scintillators coupled with photo-
multipliers or photodiodes or so forth. Indi-
vidual cells 58 of the detector array are 
separated by collimator plates 60; the plates 
and cells are oriented with increasing incli- 105 
nation toward source 50 as one proceeds 
toward the ends of the array, i.e. so that a 
ray such as ray 62 actually is incident on the 
pertinent cell along the axis of such cell. 

The detector means 56 is in very close 110 
physical proximity to a signal processing 
means, generally indicated at 64. Indeed, in 
the apparatus depicted these two blocks are 
back to back with respect to one another. 
This close physical proximity has important 115 
advantages in the present environment in 
that the close proximity of these elements -
which are commonly rotatable with assem-
bly 16 - minimizes the possibility of intro-
ducing spurious signals into the various 120 
detector channels. This is particularly signif-
icant in the present instance in that the high 
potentials associated with the X-ray source 
etc. increases the likelihood of introducing 
such spurious signals. 125 

The assembly 16 in addition to including 
the several elements thus far described, 
includes certain strengthening elements 
such as the reinforcing ring 66 and cross 
braces 68. The purpose of these several 130 
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elements is to increase, to the extent practi-
cal, the rigidity of the overall assembly 16, 
thereby decreasing the effects of vibration 
and the possibility of undesired flexure, all 

5 of which can be particularly detrimental 
with respect to the detector structures - i.e., 
stressing of certain of these structures can 
change the electrical response characteris-
tics of same, thereby introducing erroneous 

10 readings. 
In the case of X-ray diagnosis the thick-

ness of fan beam 52 as defined by the col-
limators is typically between 1mm and 
15mm at the middle of the object . It will be 

15 understood that as the source-detector array 
undergoes relative rotation with respect to 
the pat ient (continuously where exact 
reconstruction is desired) over a t ime of 
approximately 1 to 15 seconds, readings of 

20 absorbed radiation are measured by detec-
tor means 56. The data acquisition may be 
completed during one relative revolution 
(i.e. 360 degrees) o f t h e system; the present 
system is also well adapted to acquire the 

25 data over the course of several revolutions -
which can . rovide superior images because 
of the increased quantity of data. As fur ther 
described in copending application No. 
51223/76 (Serial No. 1 577 014) , data f rom 

30 detector means 56, after suitable processing 
and conditioning, is provided to station 20 
where it is convolved, appropriately stored 
and later back-projected with other data to 
produce an output picture which is a replica 

35 of the thin cross-section of patient 54 which 
has been examined. It will of course be 
understood that the data need not be neces-
sarily converted into a visually discernable 
picture; but can be expressed in other 

40 analytical forms, i.e. numerically or so for th . 

As may initially be seen by consideration 
of Fig. 3, electrical interconnections to all 
portions of assembly 16 which requires 
same, is effected via a slip ring assembly, 

45 which is generally indicated at 70. In par-
ticular it will be observed that high voltage 
input lines 72 and 74 are provided to the 
casing portion 76 of assembly 70, which por-
tion is stationary. The slip ring interconnec-

50 tion scheme subsequently to be discussed in 
connection with Figs. 6 and 7 then provides 
the required excitation connections to X-ray 
source 50 via the cables 78 and 80 which 
proceed f rom casing port ion 82 of assembly 

55 70. The latter, port ion 82, rotates with rotat-
ing assembly 16, which is supported on bear-
ing 85 between ring 66 and a f rame ring 86. 

Similarly the various fur ther low voltage 
interconnections, i.e. for the detector out-

60 puts for the various low voltage control 
signals for the electrical elements mounted 
on plate 48, and for the low voltage inputs 
to source 50 (for the anode rotor), are all 
enabled by means of slip ring connections 

65 contained within portion 88 of slip ring 

assembly 70. Thus several of the external 
connections 90 appear at port ion 88, the 
external casing of portion 88 is, of course, 
stationary. Fur ther details regarding slip 
ring assembly 70 will, as already mentioned, 70 
be discussed in connection with Figs. 6 and 7 
hereinbelow. 

In Fig. 4 herein an electrical schematic 
block diagram appears setting forth the 
interrelationship of the various elements 75 
present in apparatus 10; the figure also 
depicts the relationship between apparatus 
10 and its associated elements, with the var-
ious operative elements in the overall com-
puterized axial tomography system 92, with 80 
which apparatus 10 may be utilized. 

The tomography system 92 is thus seen to 
generally include a machine and patient 
area 94, which includes those elements thus 
far depicted in connection with Figs. 1 to 3, 85 
and a control and image reconstruction sta-
tion 20 which communicates with the 
machine and patient area. 

Those portions of the overall system 92, 
which are mounted on and movable with 90 
rotating assembly 16 are generally desig-
nated within the dotted line identified by 
this same reference numeral 16. These thus 
include the detector array 56; the radiation 
source 50 in the form of an X-ray tube; a 95 
high voltage power supply 96 which pro-
vides required potential for the detector 
array 56; an amplifying and multiplex block 
98 which processes the various signal chan-
nels proceeding f rom detector array 56, 100 
detector electronics control logic 100; and 
an analog-to-digital converter 102 for 
receiving the output f rom block 98 and furn-
ishing same in digital form for transmission 
to control and image reconstruction station 105 
20. 

All interconnections to rotating assembly 
16 are effected through slip rings, as has 
previously been mentioned. Thus, in par-
ticular, the output f rom the A D C 102 is 110 
provided via a slip ring assembly 104 to an 
input/output and direct memory access con-
trol means 106. Similarly the interconnec-
tion between central control panel and logic 
108, which is at station 20, and the detector 115 
electronic control logic 100 is via the slip 
ring assembly 110. Similarly all power and 
excitation potentials to X-ray tube 50 are 
provided via a series of slip rings 112, 114, 
116 and 118, which respectively connect the 120 
X-ray starter 120 (i.e. to initiate anode rota-
tion and continuation of same), the high vol-
tage potential f rom power supply at 122, the 
X-ray grid control 124, and the fi lament cir-
cuit power supply 126. 125 

The various power inputs for X-ray tube 
50 etc. originate at stationary and essentially 
conventional devices of this sort which are 
present at control and image reconstruction 
station 20 or are present in machine and 130 
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patient area 94, but which do not form part 
of rotating assembly 16. Thus, in particular 
a high voltage power control 128 is pro-
vided, which furnishes control via line 130 

5 to high voltage power supply 122. Both of 
these elements, as mentioned, are external 
to rotating assembly 16. A high voltage con-
trol 132 is in communication with the high 
voltage power control 128, and interlocks, 

10 as is known in the art, are provided as 
schematically suggested at 134. The same 
high voltage control at 132 also controls 
actuation of X-ray starter 120 through the 
control line 136. The filament circuit power 

15 supply 126 are provided with power through 
line 138, via regulating means 140, which in 
turn receives its power through the input 
line 142 via phase control 144. Such phase 
control is useful in connection with filament 

20 excitation, in order to avoid an uneven 
temperature distribution at same. 

The phase control 144 also provides an 
input via line 146 to central control logic 
108. This input is used in correlating actua-

25 tion of the X-ray grid-control 124, i.e. via 
line 148 in accordance with the phasing of 
line current. The X-ray grid-control 124 
periodically provides pulses to the X-ray 
tube grid during a cycle of operation of the 

30 present apparatus in order to effect X-ray 
emission in pulse form. The X-ray pulses in 
particular are typically provided at a rate of 
one such pulse for each degree of rotation of 
assembly 16 - although it is possible to pro-

35 vide 2 or more pulses for each degree of 
rotat ion; or other pulsing schemes can be 
used. 

It will be appreciated that the use of slip 
rings for all interconnection purposes obvi-

40 ates any requirement for periodically stop-
ping rotation of assembly 16. Indeed in a 
preferred mode of operating the present 
device, the rotation of the said assembly 16 
may be continuously maintained. For exam-

45 pie, such rotation may be continued while a 
series of sectional scans are sun upon a 
single patient; or the rotation may be con-
tinued while scans or series of scans are run 
upon successive patients. This has an impor-

50 tant advantage, not only in terms of the sav-
ing of time and minimizing of operations, 
but moreover this aspect of the operation 
eliminates mechanical stresses which could 
otherwise be imposed upon system compo-

55 nents by virtue of stopping and starting of 
the assembly. This includes stresses that 
could be thus imposed upon the very heavy 
structural components of the assembly; 
stresses that could be imposed upon the 

60 rapidly rotating anode portion of the X-ray 
tube; and vibrational stresses that are par-
ticularly detrimental to the detectors. 

A 360 degree scan is initiated by the 
operator inserting such request at central 

65 control panel and logic 108. Since, as men-

tioned, the rotation may be effected con-
tinuously, it is also desirable to be able to 
initiate the scanning cycle with respect to a 
patient at any point in the rotation of 
assembly 16, i.e. irrespective of the particu- 70 
lar angular setting at the time the sequence 
is initiated. This is significant for the follow-
ing reason: In a typical mode of operation of 
the apparatus an entire 360 degree scan, i.e. 
a full rotation of assembly 16 may be 75 
effected within 1 to 6 seconds. This is an 
extremely rapid period, especially vis-a-vis 
the much longer periods that have been util-
ized in the prior art for such purposes. Dur-
ing such scan cycle, however, it is desirable, 80 
(if not necessary) that the patient hold his 
breath to avoid any possibility of image 
blurring. Were it only possible for the scan-
ning cycle to be initiated at a single point in 
assembly 16 rotation it would be conceiv- 85 
able that the cycle initiation could be 
effected in such a manner that scanning 
would not begin for as long as 6 seconds 
f rom operator initiation so that the total 
t ime in which the patient would be required 90 
to hold his breath could be 12 seconds -
which is relatively undesirable, especially 
w h e r e e n f e e b l e d p a t i e n t s a r e b e i n g 
examined. For such reason, a centre posi-
tion detector 150 is provided, which com- 95 
prises a simple optically coupled switch 
including a light emitting source such as an 
L E D 152 and a light sensitive receptor such 
as pho to t r ans i s to r 154. A p ro j ec t i on 
mounted on plate 48 (schematically indi- 100 
cated at 156), and rotatable therefore with 
assembly 16, intersects the light path bet-
ween source 152 and receptor 154 once dur-
ing each assembly rotation. The output f rom 
detector 150 at line 166 is provided to a 105 
position counter 160. Upon a scan cycle 
being initiated at central control panel and 
logic 108, a start signal proceeds through 
line 162 which starts counter 160. During 
the continuing rotation, the pulse control 110 
signals provided by logic 108 to grid control 
124 are also provided via line 164 to posi-
tion counter 160. Upon the centre position 
being reached, projection 156 intersects the 
light path at detector 150 and a STOP signal 115 
is provided to counter 160 via line 166. The 
count in counter 160 is then provided via 
line 168 to logic 108. From this count logic 
108 determines a stream of information 
indicating the absolute angular position for 120 
each set of scanned data obtained by the 
detectors during the scan operation. Rota-
tion of assembly 16 is enabled as already 
discussed, by the motor 28, which may be 
provided with interlocks 170. The motor is 125 
actuated and deactuated under influence of 
central control panel and logic 108. 

Detector array 56 in a typical instance 
may include 301 separate detector ele-
ments, in turn providing 301 output signals, 130 
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which are all at a very low analog level. A 
series or array of corresponding signal pro-
cessing and conditioning channels are util-
ized to amplify and integrate these signals 

5 and provide same to a multiplexer 192, 
which multiplexes the signals in t ime and 
provides same to an analog-to-digital con-
verter 102. By the use of these techniques 
the large number of input signals f rom the 

10 detectors may be sufficiently reduced, so 
that a relatively small A D C , i.e. a 16-bit 
A D C may be utilized, whereupon a single 
output line 174 may interfeed the stream of 
data f rom a large number of channels. Thus 

15 a relatively small number of output lines 
such as 174 may be used to interfeed the 
data f rom assembly 16 to the control and 
image reconstruction station 20. It of course 
will be appreciated here that only two of the 

20 several hundred channels actually are shown 
in Fig. 4. In actual practice e.g. twenty or so 
lines such as at 174 can be typically used 
with a totality of 301 channels. 

In the circuitry illustrated in Fig. 4 the 
25 amplifier array 180 may consist of a plural-

ity of operational amplifiers 176, with a 
series of F E T switches 178 gating the out-
puts f rom the amplifiers to a series of integ-
rators 182 forming part of an integrator 

30 array 184. 
The various operations per formed at the 

detector signal processing and conditioning 
channels are effected under control of logic 
100. The detector signals af ter being amp-

35 lified and integrated to increase their level, 
are thereupon time-multiplexed at multip-
lexer 192, which considerably reduces the 
requirements for transmission channels, and 
as mentioned then furnishes the multiplexed 

40 signals to analog-to-digital converter 102, 
with the data thereupon being passed 
through slip ring 104 to input/output and 
direct memory access control means 106 
which is in communication with a computer 

45 188 via the line 190. The detector data may 
then be stored at appropriate memory 
points, e.g. in disc 197 or in other memory 
elements associated with the computer . 
Computer 1'88 is preferably a digital compu-

50 ter of a type suitable and known for use in 
purposes such as the present application. 

Various additional elements useful in dis-
playing and processing the information fur-
nished to computer 188 may be associated 

55 with the tomographic system 92, including a 
video display 194 (which may be coupled 
with a camera 195), an electrostatic pr in ter 
196, a printer 198, a C R T terminal 200, and 
magnetic tape recording means 202. The 

60 operation of all of the elements cited, is per 
se well known in data processing systems, 
and therefore it is not deemed necessary to 
discuss in detail aspects of same. 

In order to enable a series of successive 
65 transverse sections to be scanned at patient 

54, it has been mentioned that the bench 
surface 42 may be provided with means to 
effect incremental advance of same in an 
axial direction toward opening 36 - and also 
for displacing surface 42 in other directions 70 
for achieving proper pat ient orientation. As 
is indicated in Fig. 4, this may be effected in 
a simple manner by the displacement 
motors 204, which actuate bench displace-
m e n t m e a n s 2 0 6 . M o t o r s 2 0 4 a r e 75 
incremented through a motor increment 
means 208, in turn periodically actuated by 
central control logic 108 via control line 
210; i.e. at the end of each rotational scan a 
signal proceeds f rom central control logic 80 
108, which causes the displacement motors 
to undergo a s tepped movement - which 
through mechanical linkages effect incre-
mental displacements of bench surface 42 -
e.g. to incrementally advance surface 42 85 
into opening 36. 

Referr ing momentari ly to Fig. 2, it will be 
appreciated that during the course of a 
pat ient scan, the outer rays of fan beam 52, 
such as ray 62, will typically pass through 90 
less tissue in the patient than will more cen-
tral rays such as 61. A s an alternative to or 
in addition to inserting physical compen-
sators (i.e. radiation absorbers), and in 
order to improve the performance of the 95 
signal conditioning and processing channels, 
the various detector signal channels can be 
provided with different gain characteristics, 
e.g. by utilizing resistors of different values 
in the gain channels. In consequence, the 100 
channels associated with the detector for 
outer rays such as ray 62 will have lesser 
gain than those processing the signals arising 
f rom the highly absorbed central rays as ray 
61. 105 

A prefer red circuit arrangement for use as 
the amplifying and multiplexing block 98 of 
Fig. 4 , is shown in Fig. 5. The circuit shown 
therein is particularly useful in addressing 
two problems arising in connection with the 110 
present apparatus. Firstly, because of the 
wide variation in path densities which may 
typically be encountered during scanning of 
a bodily port ion (including e.g. the fact that 
certain of the " edge" rays of fan beam 5 2 1 1 5 
may pass outside the body all together, or 
pass only partially through same), a wide 
variation in outputs f rom the detectors 56 
occurs. These levels fur ther are very low to 
begin with. In a typical instance for example 120 
the range of detector outputs which may be 
encountered in a typical situation can range 
f rom l p A to 300 nA. This in turn tends to 
require a signal processing circuit that is not 
only very sensitive, but is also relatively 125 
uniformly responsive to the very wide signal 
variation range indicated. 

In addition a fur ther significant problem 
encountered in the present apparatus arises 
by virtue of drift - which occurs in the detec- 130 
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tor signal processing channels during the 
course of extended operation of the present 
apparatus. Because the effects of drift may 
vary f rom channel to channel, an imbalance 

5 can develop over the extended work period, 
with resulting erroneous readings in the 
data. The circuit of Fig. 5 permits for full 
t reatment of both of these aforementioned 
problems; and in particular permits for 

10 recalibration of the various detector signal 
processing channels as an incident to the 
pat ient scan operat ion. 

Initially it should be pointed out that at 
the beginning of a day's operation involving 

15 apparatus of the present type, the plurality 
of channels proceeding f rom the detector 
array 56 are calibrated. In particular a so-
called "phan tom" , i.e. a block of material of 
k n o w n d e n s i t y s u c h a s u n i f o r m 

20 polyethylene, is initially placed in the 
apparatus and a test scan run is effected 
through such material utilizing the X-ray 
scan to thereby establish a base line. Effec-
tively the computer 188 is thus utilized to 

25 equalize or normalize the gains of the vari-
ous channels. A measurement is also made 
of the X-ray beam intensity completely 
unabsorbed, i.e. this may involve transmis-
sion characteristics at the edge of the phan-

30 torn. The object of this operation is to in 
effect indicate the absolute intensity value 
of the X-ray source, for subsequent com-
parison purposes. 

Referr ing to Fig. 5 showing a representa-
35 tive channel, the output f rom detector ion 

chamber 212 is provided during the scan 
process to an integrator 214, with the output 
f rom the integrator proceeding to a sample 
and hold circuit 216, thence to an analog 

40 multiplexer 218, and finally to an A - D con-
verter 220; thence the output from the latter 
is provided to computer 188. The output 
f rom integrator 214 is also seen to be pro-
vided via line 222 to a level detector 224. 

45 The level detector output in turn, serves as 
one input to a JK flip flop 226, which is also 
provided with a crystal reference frequency 
f rom source 228. This reference frequency 
is also provided to the corresponding flip-

50 flops in all other detector channels. The 
K-gate of the aforement ioned flip flop is 
provided with a "h igh" level digital signal at 
230. 

The signal proceeding f rom ion chamber 
55 212 is integrated at 214, as is indicated by 

the waveform 232, which actually is a 
negative-going signal as shown. Upon a suf-
ficiently diminished negative level 234 being 
achieved, a signal is generated at level 

60 detector 224, which actuates flip flop 226 on 
the next clock pulse then occuring. This in 
turn provides a pulse to counter 236, which 
is strobed by latch 238 at the end of each 
measurement period. The output of the 

65 latch is connected to digital multiplexer 240, 

and thence to computer 188. Each time the 
signal level 234 is achieved the pulse f rom 
flip f lop 226, actuates a charge dispenser 
circuit 242, which includes an F E T switch 
and a constant current source. This effec- 70 
tively resets the integrator to the upper level 
244 of waveform 232. 

The branch of the Fig. 5 circuit including 
counter 236, latch 238 and digital multip-
lexer 240 effectively acts as a coarse measur- 75 
ing circuit; i.e. the number of counts thereby 
measured provides a coarse indication of the 
output level of detector 212. Similarly the 
elements 214, 216, 218 and 220 effectively 
constitute a " f ine" measuring branch for the 80 
output proceeding f rom ion chamber 212. It 
will, of course, be evident that the arrange-
ment indicated will have a very high 
dynamic response range. 

The circuit of Fig. 5 further , enables a 85 
calibration for the purposes aforemen-
tioned. In particular it will be noted that 
high and low reference sources 246 and 248 
(common to all detector channels) are pro-
vided, which may be connected to the com- 90 
mon point 250, i.e. in front of integrator 
214, by means of a branch 252 including a 
high impedance resistance 254. Switching 
between the high reference source 246 and 
low reference source 248 (which may be at 95 
ground) is enabled by a control line 256 to 
computer 188. The switch 258 may in prac-
tice constitute a reed switch, with the con-
trol element therefor being actuated by the 
computer. 100 

The operation of the aforement ioned cir-
cuit in the calibration procedure may be best 
understood by noting that with a patient in 
place as e.g. indicated in Fig. 1, a single 
cycle of rotation is effected, i.e. with the 105 
X-ray source 56 on, as has previously been 
discussed. Subsequently, with the X-ray 
source off, i.e. at the completion of the given 
cycle, fur ther rotation is effected, which 
constitutes a calibration run. During this 110 
calibration run switch 258 is sequenced 
between the high reference source 246 and 
low reference source 248 positions. In con-
sequence of this operation, the relative gain 
is measured in each of the plurality of chan- 115 
nels, i.e. the relative gain is determined as 
between the high reference input on the one 
hand and the low reference input on the 
other. The computer thereupon adjusts the 
effective gain for the various channels so as 120 
to equalize or normalize same, i.e. to 
achieve the same normalization as was 
effected at the beginning of the day's opera-
tions, so that adjacent channels are effec-
tively producing the same relative gain - 125 
when on the one hand a high reference, and 
on the other hand a low reference, input is 
used. This of course need not involve any 
adjustment of the electronic components in 
the channels, but merely a modification of 130 
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the numerical values interpreted at the 
computer. 

A n edge measurement is also made - as 
has been previously discussed in connection 

5 with initial calibration at the beginning of a 
day's operat ion - , the purpose of this opera-
tion being to enable a comparison between 
the absolute intensity of the X-ray source at 
the time of initiating operations and at the 

10 calibration time, thereby enabling the com-
puter to effect adjustment for changes in 
source intensity as well. 

In addition tq performing the operations 
indicated, the computer also determines the 

15 precise multiplying factor as between the 
two outputs, i.e. f rom A - D converter 220 
and f rom digital multiplexer 240. This is 
effected by utilizing as high reference 246 a 
signal which on the average yields (N + l ) /2 

20 pulses f rom charge dispenser 242. Compari-
son of the two outputs then provides an 
indication of the said multiplying factor to 
thereby enable precise compensation of the 
detector outputs by the computer. 

25 All of the aforementioned calibration 
procedures may be effected with patient 54 
in place; or just prior or subsequent to the 
patient scan. The procedures may be manu-
ally initiated by operator insertion of a 

30 request at logic 108, or the sequence may 
automatically proceed under control logic 
108. 

It has previously been pointed out that 
the use of a slip ring assembly 70 to enable 

35 both the excitation and control interconnec-
tions to the X-ray tube source, the continu-
ous rotation of assembly 16, and as well the 
various interconnections utilized to lead 
other control inputs into apparatus 10, and 

40 data outputs outwardly f rom apparatus 10, 
is important . The slip ring assembly 70 has 
been generally discussed heretofore, in con-
nection with Fig. 3. Further details of the 
slip ring assembly are set forth in connection 

45 firstly with Fig. 6 which is a plan view taken 
in the direction 6-6 of Fig. 3, and in the 
longitudinal cross-sectional view of Fig. 7, 
which is taken along the line 7-7 of Fig. 6. 

Referr ing firstly to Fig. 6, it is seen that 
50 rotation of port ion 82 is effected commonly 

with the cylinder 22 by means of a link 260 
which is secured to port ion 82 and engages a 
pin 262 which projects f rom the rearward 
side 264 of cylinder 22. In Fig. 7, the high 

55 voltage inputs 72 and 74 f rom power supply 
122 can be seen, as well as the high voltage 
output 80 which proceeds to X-ray source 
50. Also, a series of connectors 90 for the 
low voltage inputs and outputs can be seen. 

60 These are mounted to the portion 88, which 
as already has been indicated, is a stationary 
member ; i.e. this is to say that the various 
lines proceeding f rom connectors 90 are in 
turn connected to the control and image 

65 reconstruction station 20 - or in some 

instances to low voltage inputs such as from 
X-ray starter 120, and to A.C. power for the 
signal processing and conditioning circuits 
on assembly 16. 

Referring principally now, to the cross- 70 
sectional view of Fig. 7, it should initially be 
pointed out that the slip ring structures pro-
vided at the port ion 88 of the assembly 70 
are set for th in only limited detail herein, in 
that these are of a conventional type hereto- 75 
fore utilized to enable low voltage inputs to 
be transmitted in rotating machinery envi-
ronments . I t will, however, be noted in that 
connection, that the series of low voltage 
cables 266 proceed directly down the tube 80 
268 of assembly 70. Tube 268 is mounted 
within a central member 270 of an insulat-
ing material such as Lucite or the like, which 

roceeds f rom the f ront plate 272 to a point 
74 proximate the rear bearing support 276 85 

and bearing support rings 278. Front plate 
272, together with central member 270 and 
ring 280, all rota te with assembly 16, as 
does, of course, the high voltage cable con-
nectors 78 and 80. A s is evident as well by 90 
comparing Fig. 3, the port ion 76 does not 
rotate, which portion carries the previously 
ment ioned high voltage cable input connec-
tors 74 and 76, i.e. these connectors receive 
the high voltage cable supplies f rom the 95 
X-ray power source associated with the 
tomographic system 92. Electrical intercon-
nection between cables 266 and connectors 
90 is enabled by a conventional rotor 286 
which carries slip rings 288 which contact 100 
brushes 290, in turn in electrical connection 
with connectors 90 (only sixteen required 
for output f rom the 301 detectors). 

The rotation mentioned between ring 280 
and the various other elements of portion 82 105 
on the one hand, and of port ion 76 on the 
other, are enabled by a bearing 282 which is 
present between the two said portions. A n 
oil seal 284 is also provided between these 
portions in that the entire interior of por- 110 
tions 76 and 82 of assembly 70, i.e. interior 
290 is filled with oil 315 or similar material 
having very high insulating characteristics. 

The high voltage slip ring electrical con-
tacts are seen to consist of a series of ring 115 
contacts 292, which are secured to flanges 
294, 296 -and 298 on central member 270 
(which flanges of course are also insulating). 
From these contacts, a series of electrical 
conduits 3 0 0 , 3 0 2 , 3 0 4 and 306 extend, pas- 120 
sing through appropriate openings 305, 308 
and 310 in the flanges 294, 296 and 298, 
and thence connecting at such points as 312 
and 314 to the high voltage connectors 78 
and 80 proceeding to the X-ray tube. The 125 
various excitation potentials are indicated in 
the Figure for a representative operation. 
Contact with the rotating slip rings is 
effected through a series of brushes 316, 
which may be graphite-based or of other 130 
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composition as is known in the art. 
This application is a Divisional of our 

co-pending Application No. 25186/77 (Ser-
ial No. 1 5 8 / 641) . At ten t ion is also 

5 directed to our co-pending Applications 
Nos. 8 006 311 and 8 006 312 (Serial Nos. 
1 587 6 4 2 , 1 587 643). 
W H A T W E CLAIM I S : -

1. Appara tus for examining a subject by 
10 means of penetrating radiation and provid-

ing a digital output signal for use in recon-
struction of a two-dimensional representa-
tion of the structure residing in a thin sec-
t ion t aken th rough said subjec t , the 

15 apparatus comprising: 
an assembly rotatable about an axis 

extending along a central opening defined 
therein; 

means for positioning the portion of the 
20 subject to be examined within the said cen-

tral opening, whereby the said axis of 
assembly rotation is substantially perpen-
dicular to the said section; 

a source of p e n e t r a t i n g r a d i a t i o n , 
25 mounted on the said assembly toward one 

side thereof and providing radiation in the 
form of a fan beam; 

detector means for the said radiation, 
positioned on the said assembly opposite the 

30 said source, for detecting radiation progres-
sing laterally across the said section and not 
absorbed by the subject; 

means for rotating the said assembly 
whereby the said fan beam impinges upon 

35 the subject f rom a plurality of source posi-
tions; 

signal processing means mounted on the 
said assembly and movable therewith for 
receiving the output signals f rom the said 

40 detector means and amplifying the said 
signals; and 

interconnection means for receiving the 
output signals f rom the said signal proces-
sing means and enabling interfeed of these 

45 output signals to an image reconstruction 
station. 

2. Appara tus in accordance with claim 
1, fur ther including second interconnection 
means for enabling power and control 

50 inputs to the said radiation source. 
3. Appara tus in accordance with claim 

2, wherein the first and second interconnec-
tion means comprise slip ring means rotat-
able with the said assembly. 

55 4. Appara tus in accordance with any 
preceding claim, wherein the signal proces-
sing means includes means for converting 

the signals f rom the detector means into 
digital form. 

5. Apparatus in accordance with claim 60 
4, wherein the said detector means com-
prises a plurality of detector elements pro-
viding a plurality of output signals, and 
wherein the said signal processing means 
includes: a plurality of amplifiers and integ- 65 
rators for amplifying and integrating the 
analog signal levels provided by the said 
detector means; means for receiving the 
outputs f rom the said amplifier and integ-
rator means and multiplexing the same; and 70 
analog-to-digital converter means for con-
verting the multiplexed analog signals to 
digital form. 

6. Appara tus in accordance with any 
one of claims 1 to 5, wherein the said 75 
assembly is continuously rotatable through 
successive 360 degree rotations. 

7. Appara tus in accordance with claim 
6, wherein the said radiation source is oper-
able for a cycle of operation extending over 80 
a 360 degree rotation of the said assembly, 
and including means for actuating the said 
radiation source to initiate the said opera-
tion cycle irrespective of the angular posi-
tion of the said assembly at the said cycle 85 
initiation. 

8. Appara tus in accordance with any 
one of claims 1 to 7, wherein the said radia-
tion source comprises an X-ray tube, and 
means for pulsing the said tube to provide a 90 
pulsed X-ray output . 

9. Appara tus as claimed in any one of 
the preceding claims, wherein the diameter 
of the said opening permits positioning of a 
human patient as a subject such that the said 95 
fan beam will traverse any section along the 
entire length of the patient. 

10. Appara tus for examining a subject, 
substantially as herein described with refer-
ence to Figs. 1 to 7 of the accompanying 100 
drawings. 
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