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(54) IMPROVEMENTS IN OR RELATING TO DATA TRANSMISSION IN 
RADIOGRAPHIC APPARATUS 

(71) We, E.M.I. LIMITED, a British company of Blyth Road, Hayes, Middlesex, do 
hereby declare the invention, for which we 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 
statement:-

5 The present invention relates to the transmission of data in scanning radiographic 5 
apparatus from equipment for data acquisition mounted on moving parts thereof to proces-
sing equipment provided separately or mounted on feed parts. 

In British Patent Specification No. 1,283,915 there is described apparatus for examining a 
body by means of penetrating radiation including a source of a beam of the radiation and a 

10 detector means arranged to measure the intensity of the radiation after passage through the 10 
body. Means are provided for moving the source and detector means through a predeter-
mined angle to irradiate the body from a plurality of directions. Processing means for the data 
thus obtained are also disclosed. 

For the movement described in that specification it is possible to provide relatively 
15 conventional data connections from the moving parts. 15 

A further development of the apparatus, described in British Patent Specification No. 
1,475,303 and further described in British Patent Specification No. 1,493,597 allows a 
relatively faster motion of source and detector means about the body by irradiating the body 
along a plurality of beams of radiation disposed in a fan. In practice only a limited rotation 

20 (normally less than 360°) of the source and detector means is required thus allowing the 20 
continued use of conventional data transmission by means such as cables. However greater 
speed of examination can be obtained if the rotation extends through many revolutions thus 
allowing a high rotational velocity to be obtained before the examination commences. Thus 
data transmission for such apparatus should preferably allow continuous rotation of the part 

25 of the apparatus carrying the source and detector means. 25 
It is an object of the present invention to provide a suitable data transmission arrangement. 
According to the invention there is provided radiographic apparatus for examining a 

section of the body of a patient, the apparatus including: a scanning member; a source of 
penetrating radiation carried by the scanning member and arranged to project the radiation 

30 to traverse a region in which the patient's body may be disposed; detector means, sensitive to 30 
the radiation, carried by the scanning member ana arranged to receive the radiation after it 
has traversed the region; means for rotating the scanning frame about an axis intersecting the 
region; a fixed structure supporting the scanning member during motion comprising at least 
said rotation; a plurality of slip rings feed in relation to either said scanning member or said 

35 feed structure and a plurality of brushes, at least one brush cooperating with each slip ring, 35 
feed in relation to the other of said scanning member or said fixed structure, the combination 
of slip rings and brushes being adapted to transmit data signals, including data signals from 
said detectors, to electrical connections on said fixed member during said rotation; and 
encoder means arranged to encode the data signals, prior to transmission, according to a code 

40 suitable for AC transmission. 40 
Preferably the data signals are encoded to a DC-component-removing digital code prior to 

said transmission. 
In order that the invention may be clearly understood and readily carried into effect an 

example thereof will now be described with reference to the accompanying drawings of 
45 which:- 45 
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Figure 1 shows an apparatus incorporating the invention, 
Figure 2 shows suitable examples of brushes for the invention, 
Figure 3 illustrates in simplified form the arrangement of slip rings and brushes, 
Figure 4 shows in block diagrammatic form the data transmission of the apparatus of 

5 Figure 1 and 5 
Figure 5 shows a typical slip ring/brush combination in the form of an equivalent circuit. 
Referring to Figure 1 there is shown apparatus in accordance with one example of the 

invention. A body 1, of a patient to be examined, is shown in transverse section supported on 
a suitably shaped bed 2, also shown in transverse section. A material 3, having an absorption 

10 to the radiation similar to that of body tissue, is positioned between the body 1 and bed 2, 10 
partly to support the patient and partly to exclude air from the gap therebetween, and is 
extended partly about the body to provide an approximately circular cross-section to the 
radiation. The material 3 may be water in one or more flexible bags or may be a viscous or 
particulate material. The body 1 is retained firmly in a desired position by means such as a 

15 retaining strap 4. 15 
The bed 2 and the body 1 are inserted into an aperture 5 in a rotatable member 6 so that a 

chosen part of the body is centred in the aperture 5. Bed 2 may include supports on either or 
both sides of the member 6 but has been shown in the Figure to include supports only in the 
rear for the sake of clarity. The rotatable member 6 is arranged to rotate about an axis 7, 

20 which in this example is maintained longitudinal of the body and perpendicular to the paper. 20 
For that purpose it is supported by at least three gear wheels 8a, b, c, which engage gear teeth, 
not shown, cut in the periphery of member 6. The gear wheels 8 are journalled in a main 
frame 9 of the apparatus. In certain examples the member 6 may have an extent, perpendicu-
lar to the plane of the drawings, sufficient to require further support. In that case main frame 

25 9 may, for example, have an aperture of sufficient extent to allow member 6 to extend 25 
therethrough to be supported at the opposite side by further wheels such as 8. A further gear 
wheel 10, also engaging the said gear teeth, is driven by an electric motor 11, also mounted on 
the main frame 9, and serves to provide the required rotary motion. 

The rotatable member 6 also carries a source 12 of a fan of X-rays 15, a bank of detectors 
30 13 and a bank of associated collimators 14. The source 12 may take many forms suitable to 30 

particular types of apparatus employing a continuous rotation. In this example a fixed source 
of X-rays is provided, the apparatus being essentially of the form described in British Patent 
Specification No. 1,475,303. However source 12 may be of the type in which the source 
point, of the X-rays, is scanned across a fixed target/anode as is used, for example, in the 

35 apparatus described in co-pending applications No. 49074/74 (Serial No. 1529797) or No. 35 
43984/75. The detectors, which in a typical embodiment number 200, can be of any suitable 
type, for example scintillation crystals with associated photomultipliers, photodiodes or 
proportional counters. In this example the source 12 and the detectors 13 are substantially 
equidistant from axis 7, although this may be varied if desired provided the geometry of the 

40 arrangement is accurately known. 40 

In operation source 12 irradiates the body 1 with the fan 15 of X-rays. In this example the 
X-rays originate from a substantially fixed point relative to the rotatable member 6. However 
in alternative arrangements electronic or mechanical scanning of the source point may be 
included. The X-rays are partially absorbed by the body and the intensity after such absorp-

45 tion is measured by detectors 13. Each detector receives radiation transmitted through the 45 
body along a respective beam defined by the dimensions of the associated arc of collimators 
14. The output of each detector is provided to a respective independent one of amplifiers 16 
where it is amplified for input to a respective integrator 17. The integrator integrates the 
signal for a period representing a predetermined degree of rotational motion to provide an 

50 analogue signal representing the total intensity of radiation incident on the respective 50 
detector in that time. This radiation has been transmitted through the body along a path 
effectively examined by that detector, taking into account the rotational motion. To provide 
information representing the rotation a position detector is provided. In this example the 
detector takes the form of a photocell and light source unit 18 mounted on member 6. This 

55 cooperates with a circular graticule 19 mounted on main frame 9 and concentric with member 55 
6. The graticule, which extends through 360° although only a small part is illustrated for 
clarity, comprises a transparent substrate with opaque markings thereon. These interrupt a 
light path between the light source and photocell and provide thereby pulses indicative ofthe 
rotary motion. Other means of providing such pulses may, of course, be devised. The pulses 

60 are supplied to integrators 17 for controlling the setting and resetting thereof. 60 
The analogue signals from integrators 17 are provided to respective ones of analogue to 

digital converters (ADC) 20 which provide them as digital signals of, in this example, 15 bits. 
In this example converters 20 also receive the pulses from unit 18, which are used to initiate 
conversion of each input from the respective integrator. 

65 Thus far the apparatus is essentially the same as that described in British Patent Specifica- 65 
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tion No. 1475303. However in accordance with the invention it is proposed to transmit the 
absorption data from member 6 to stationary parts of the apparatus, for further processing, 
via slip rings, and for this purpose the data is transmitted in digital form. Thus amplifier 16, 
integrators 17 and ADC 20 are mounted on member 6. It will be understood that they may be 

5 so mounted in any convenient place, for example adjacent their respective detectors. For 5 
convenience therefore they have only been indicated in Figure 1 in diagrammatic block form 
to one side of member 6. 

For transmission the signals are also processed by parallel to serial converters 21 and 
encoders 22 which will be considered further hereinafter. Thence, together with the pulses 

10 from photocell unit 18 and pulses from a clock generator 23 they are applied to slip rings 24 jq 
formed on the periphery of member 6, which for the purposes of the slip rings may be termed 
the 'rotor'. 

A sufficient number of slip rings are provided for the data to be transmitted. In this 
example there are two for each bit of the digital signals, plus slip rings for clock, position 

15 pulses and any further data desired to be transmitted. ^ 
Mounted on main frame 9 is a 'stator' 25 on which are fixed resiliency brushes 26, one for 

each slip ring 24. 
Two possible arrangements of brushes are shown in Figure 2. Figure 2a shows a brush 26a 

which is a single piece of flexible metal, for example spring bronze leaf, hingedly mounted on 
20 the stator at 27 and pressed against the slip ring 24 by a spring 28. 20 

In the alternative arrangement of Figure 2b the brush 26b is a thin ribbon fixed to the stator 
at 29 and held under tension by a spring 30 such as to hold it against the slip ring 24. Other 
more complex forms of brush may be devised for the desired purpose. 

Figure 3 illustrates in simplified form the general arrangement. The rotor 6 carries slip 
25 rings 24, of which only four are shown. The stator 25 carries corresponding brushes 26, in this 25 

example of a different form. As mentioned above the slip ring and brushes are grouped in 
pairs, each forming a data channel, and each pair feed a respective amplifier 31 where the 
signals are amplified prior to further processing. It should be understood that in Figure 3, for 
the purposes of illustration, rotor 6 and slip rings 24 are not to the same scale as brushes 26 

30 and stator 25. Clearly the brushes could be fixed to the rotor and the slip rings to the stator, if 30 
desired, and more than one brush could be used with each slip ring. 

In general slip rings are not considered to be suitable for data transmission from a device 
rotating at high speed, such as in the apparatus of Figure 1, because variations of the contact 
resistance ana even loss of contact may create spurious signals. The situation is improved if 

35 the contact is made by capacitive coupling between slip ring and brush rather than by direct 35 
metal-to-metal contact. If desired the brushes or slip rings may be provided with insulating 
surfaces to prevent direct contact although that is not the case in this example. Using 
capacitive coupling data transmission using one of many suitable codes can be satisfactory. 
However, during prolonged loss of contact such as may be caused by bouncing of the brush, 

40 DC levels on either side of the contact may drift apart. For this reason the data should be AQ 
coded by a code suitable for AC coupled links. Although many such codes are known in the 
data transmission art, in this example the data is coded to phase-modulated dipulse transmis-
sion. This is a well known code in which' V is represented by a 1 followed by a 0 and a '0' by a 0 
followed by a 1, so that each bit is represented by a pair of pulses having a zero crossing 

45 therebetween. Encoders and decoders for this code are readily available to those skilled in ^ 
the art. The overall data handling circuits for the apparatus are shown in Figure 4 in which 
those circuits mounted on the rotor are shown within the broken line 32 and those on the 
stator, including main frame 9, are shown within the broken line 33. 

As shown hereinbefore each detector 131,132...13n feeds a respective amplifier 16 t . . . 16n 
50 and integrator 171... 17n, the integrators being set and reset by pulses from photocell unit 18. ™ 

The integrators supply the analogue signals to ADC units 20i, 202 . . . 20n at which they are 
converted to digital form as 15 bit signals in this example. Thus far the data signals on each 
channel have been independent with signals appearing in each simultaneously. At this point 
each bit of the data signals is applied to a respective unit 21 such that 211 receives bits '1' from 

55 each ADC simultaneously and so on for the other units until, 2114 receives bits '14' simul- « 
taneously and 2115 bits '15' simultaneously. Units 21 are parallel-to-serial converters from 
which the data signals are further transmitted in serial form. Thus from this point a channel k 
from unit 21k transmits the bits k for all detectors in sequence (1 to n) for an integration 
interval, and repeats the sequence for the next integration interval. Following this in each 

60 channel a respective DC component removing coder 221 5 . . . 22! converts the data into the ^ 
chosen code, in this example dipulse, for output at slip rings 24. 

As mentioned hereinbefore, in this example the coupling is AC through two slip rings for 
each channel, one being at a reference potential, normally as earth return. Thus each 
slip-ring/brush combination shown in Figure 4 actually represents a pair thereof. 

65 Of course a common earth return can be used if required. However in this example an earth 
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return ring (241 in Figure 3) is provided between each pair of signal channels. Electrically 
induced interference can be reduced by screening the slip rings by, say, an outer metal drum 
on the stator. Further slip rings are also provided for other data such as clock pulses and 
position indicator pulses. 

5 From brushes 26 on stator 25 the data signals are applied via amplifiers 31 to respective 5 
decoders 341S... 34i which restore the original form of the digital signals. Decoders 34 are, 
for this purpose, provided with clock pulses, from clock 23, which were also provided to 
encoders 22. The proper relationships between the pulses are thus maintained during coding 
and decoding. All digital data from decoders 34 is provided to a computer interface 35 from 

10 which it is transmitted to a processing computer 36 for processing to form the desired 10 
representation of absorption for display at 37. This processing may be by any suitable method 
such as that described in the said British Patent No. 1283951 or the convolution method 
described in co-pending British Patent No. 1471531. In addition the position identification 
pulses from unit 18 are also provided to the computer via interface 35 to aid in the proper 

15 organisation of the incoming data. 15 
Turning once more to the slip rings and associated brushes it may be helpful to consider the 

operation of these in terms of a simple equivalent circuit, such as that of Figure 5. In that 
Figure the voltage source Vs, capacitance Ci and resistance Ri represent the circuits prior to 
the slip rings. C2, R2 and C2, R3 represent slip ring to brush contacts, R2 and R3 being variable 

20 between 0 and infinity at opposite extremes of bounce. The other circuit components 20 
represent the respective differential amplifier 31 which is situated as close as possible to the 
respective brush. 

For typical flat brushes, say 2cm long by 4cm wide about 20pF capacity is obtained when 
separated from the slip ring by a bounce of about one thousandth of an inch. If the brushes are 

25 curved to fit the slip ring this capacity is much higher. The AC coupling mentioned hereinbe- 25 
fore involves a series capacitance Ci one or two orders of magnitude greater than the 
brush/ring capacity, for example 10000 pF. Also typically Ri is 50fl . This gives a time 
constant long enough to cope with the longest data dipole pair expected. 

The input resistance R4 of the differential amplifier is greater than lOkft and the capaci-
30 tance C4 less than, in this example 5pF, which is a quarter of the brush capacity at the 30 

expected worse bounce. 
A false pulse will be generated by bad contact resistance only if the resulting input to the 

amplifier drops to close to the voltage at the other input to the amplifier. The slip ring/brush 
capacitance can be thought of as the first element of a potential divider; the amplifier input 

35 capacitance, plus stray capacitances, comprise the second element. Good contact going to 35 
bad contact means that the first element goes from zero impedance to an impedance not 
greater than one quarter of the second element. The transmittance of the signal thus varies 
from unity to 66 %. Thus in this example spurious signals should not be generated even if both 
brushes bounce together. 

40 In the circuit of Figure 5 the value of connection R5 is not critical in view of the connection 40 
existing between rotor earth and stator earth via bearings and other paths. 

Considering the other circuit elements: 
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R4 ^ Other impedances 
1 

27rfCi < Ri , where f is the frequency, 
5 5 

Ci > Other capacitances 

10 Vi = VS . Z4 1 0 
Z2+Z3+Z4 ' 

Z2 , Z3 and Z4 being the combined impedances of the parallel resistors and capacitors R2 C2, R3C3 
and Respectively. 

15 15 
Therefore at bounce, when R2 = R3 = °° 

V r = Vs C2C3 
2 0 C2C3+C2C4+C3C4 2 0 

At good contact R2 = R3 = 0 

25 therefore V i " = V s 25 

so the ratio V i ' / V f = _ J _ w h e r e c = c = c 

30 30 

It will be appreciated that the invention is not limited to the apparatus described in detail in 
relation to figure 1 but can be used with any radiographic apparatus ofthe same general type, 
requiring the transmission of data from a component having a rotational component of 

35 motion. Other examples of suitable radiographic apparatus include those also providing a 35 
lateral component of motion. 

In analysing the effects of the slip rings, on other circuits, they may be considered as 
transmission lines. From such analysis it will be seen that it is desirable to provide suitable 
termination resistors at some point on each loop between a slip ring 24 and the corresponding 

40 earth return ring 24' (Figure 3). This termination resistance should determine the transmis- 40 
sion line characteristics, rather than the brush impedance, so that those characteristics do not 
vary with the variable distances between the brushes and the slip ring output connections. 

In an alternative embodiment the guard rings 24' are not provided with brushes and do not 
therefore function as slip rings but merely as the earth returns of the transmission lines 

45 formed in conjunction with corresponding slip rings 24. In that case guard rings 24' may be 45 
relatively thinner than the slip rings 24. One or more earth return slip rings (not shown) 
should also be provided as common earths for the data channels and all of the earth guard 
rings should be connected to them. Preferably two common earth slip rings are provided, one 
at each extreme of the series of data channel slip rings. Furthermore these common earth slip 

50 rings should each be provided with a plurality of brushes to reduce the effects of brush 50 
bounce, which would be more significant in the common earth return. 

WHAT WE CLAIM IS:-
1. Radiographic apparatus for examining a section of the body of a patient, the apparatus 

including: a scanning member; a source of penetrating radiation carried by the scanning 
55 member and arranged to project the radiation to traverse a region in which the patient's body 55 

may be disposed; the detector means, sensitive to the radiation, carried by the scanning 
member and arranged to receive the radiation after it has traversed the region; means for 
rotating the scanning frame about an axis intersecting the region; a fixed structure supporting 
the scanning member during motion comprising at least said rotation; a plurality of slip rings 

60 fixed in relation to either said scanning member or said fixed structure and a plurality of 60 
brushes, at least one brush cooperating with each slip ring, feed in relation to the other of said 
scanning member of said fixed structure, the combination of slip rings and brushes being 
adapted to transmit data signal, including data signals from said detectors, to electrical 
connections on said fixed member during said rotation; and encoder means arranged to 

65 encode the data signals, prior to transmission, according to a code suitable for AC transmis- 65 
sion. 
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2. An apparatus according to claim 1 including analogue to digital converter means 
arranged to convert the data signals from the detectors to digital form for transmission via 
channels comprising at least one brush and slip-ring combination. 

3. An apparatus according to claim 2 including a plurality of serializer means each 
5 arranged to receive a corresponding bit of the data signals from each detector and to provide 5 

the said bits to a respective brush and slip-ring channel in series. 
4. An apparatus according to either of claims 2 or 3 wherein each brush slip-ring channel 

comprises two slip rings each cooperating with at least one brush. 
5. An apparatus according to claim 4 wherein one slip ring in each channel is at a 

10 reference potential the overall arrangement being such that alternate slip rings are at the 10 
reference potential to provide shielding between adjacent channels. 

6. An apparatus according to any of the preceding claims in which the brushes and 
slip-rings are arranged to have primarily capacitive coupling therebetween. 

7. An apparatus according to claim 6 wherein the contact surfaces of at least the slip-rings 
or the brushes are coated with an insulating material to prevent a resistive coupling therebet- 15 
ween. 

8. An apparatus according to any of the preceding claims wherein the encoder means is 
arranged to encode the data signals, prior to transmission, into a code which does not include 
a D.C. component. 

20 9. An apparatus according to claim 8 in which the said code is the phase modulated 20 
dipulse code. 

10. Radiographic apparatus for examining a section of the body of a patient, the 
apparatus including: a scanning member; a source of penetrating radiation carried by the 
scanning member and arranged to project the radiation to traverse a region in which the 

25 patient's body may be disposed; detector means, sensitive to the radiation, carried by the 25 
scanning member and arranged to receive the radiation after it has traversed the region; 
means for rotating the scanning frame about an axis intersecting the region; a fixed structure 
supporting the scanning member during motion comprising at least the said rotation; a 
plurality of slip rings fixed in relation to either said scanning member or said fixed structure; a 

30 plurality of brushes, at least one brush cooperating with each slip ring, fixed in relation to the 30 
other of said scanning member or said fixed structure, the slip rings and brushes being 
arranged to have primarily capacitive coupling therebetween to transmit signals, including 
data signals from said detectors, to electrical connections on said fixed member during said 
rotation, and encoder means arranged to encode the data signals, prior to transmission, into a 

35 code suitable for transmission via a capacitive coupling. 35 
11. A radiographic apparatus substantially as herein described with reference to the 

accompanying drawings. 
R.G. MARSH 

Chartered Patent Agent, 
40 Agent for the Applicants 40 

Printed (or Her Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey, 1980. 
Published by The Patent Office, 25 Southampton Buildings. London, WC2A I AY,from 

which copies may he obtained. 
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