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EM1 patents on computed tomography: history of legal actions 
 
The Editor- Sir, 
The history of the invention of tomography bas been well documented on a number of occasions. The situation 
regarding the Legal Actions taken by EMI, in defence of their patents is less well known. In order to assert their 
position as Licensors of the important computed tomography (CT) patents, EMI had to litigate these in the USA 
in a series of Actions, commencing in 1976. The patents at issue, in the realization of CT systems, is discussed in 
relationship with the scanner geometries (generations) and the reconstruction principles. The value of properly 
protecting inventions with patents is demonstrated, together with showing the eventual benefits of vigorously 
enforcing those patents against infringers.  
The history of the invention of tomography has been well documented on a number of occasions [1-4]. A 
summary of the key milestones is given here, so that the patents can be put in context. The CT scanner is 
generally acknowledged as representing one of the great developments in radiology and, in fact, is probably the 
most significant development since X-rays were discovered by Röntgen in 1895. Röntgen was awarded one of 
the first Nobel prizes in 1901 for physics; the inventor of the EMI CT scanner, Dr Godfrey Hounsfield, was a 
joint recipient of the Nobel prize for medicine in 1979. 
The first ideas of Dr Hounsfield, which led to the invention of computed tomography at EMI, occurred in 1967. 
The method was one of successive approximation, with edge readings (measurements of attenuation along a 
path) through a cross-section of an object being reconstructed into a two dimensional image. To produce the 
image from the edge readings it was necessary to modify the readings so that a sharp image (no blurring) was 
obtained. Methods of achieving the deblurring included Iterative Reconstruction and Filtered Backprojection.  
The first work was based on artificially produced edge readings, giving an image of 8 x 8. Initially, in Iterative 
Reconstruction, up to five passes were used to achieve the required level of convergence. By contrast, in the 
early production scanners, there was only one additional (iteration) pass of the data.  
During 1968, the first practical experiments were done on a modified lathebed. The source was of gamma rays, 
with a detector working on the principle of counting. Each reading took 8 seconds giving a total of 9 days to 
acquire the whole data set. Later systems moved to proportional detectors. The first object imaged was a 
phantom showing a large letter "P” in Perspex. The second image was of a bottle with a rod in the middle, 
together with a series of "Es" in Perspex, of decreasing size.  
The lathebed rig was modified in mid 1968 to accept an X-ray source. This had the benefit of being a more 
controlled source, as well as having a much higher output thus reducing data acquisition time. 
The sample time per reading was of the order of 1 second, with a total time to collect the date of 10 h. The 
reconstruction matrix at this time was 120 x 120. The mechanism of Repeated Referencing UK 1,283,915 (USA 
3,965,357) was used on all the early experiments [5]. 
Tests with a phantom were followed by tissue samples, scanned in late 1968 and  early 1969. These included the 
brains of cows and the carcasses of pigs. Later human brain cadavers were studied. 
The requirement to apply weighting, as outlined in the UK 1,283,915 (USA 3,778,614) patent, became evident in 
the early experiments. Without weighting, errors of the order of 6% were experienced. With weighting these 
errors were reduced to half a percent. 
The invention was sufficiently reduced to practice to become the subject of a patent application in August 1968. 
A UK patent application was filed then, followed a year later by corresponding applications overseas in a 
number of countries including USA, Japan, France, Germany and the Netherlands. 
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The tissue experiments showed great promise and after discussion with the UK Department of Health clinical 
trials under the leadership of Dr Ambrose were initiated. The earliest picture from a live patient was on 1 
October 1971 at the Atkinson Morley Hospital in Wimbledon, London. The patient was a 4l-year-old female 
with a suspected left frontal lobe tumour. The first public announcement was at the British Institute of Radiology 
meeting in April 1972. This led directly to the first complete machine being installed at the Atkinson Morley 
Hospital on 5 April 1973.  
The first system, called the EMIscanner, was based directly the UK 1,283,915 (USA 3,778,614) patent, applied 
for on 23 August 1968 and granted on 2 August 1972. This patent describes the general principles of a CT 
scanner, including that of the First Generation. Though the sequence of steps used on the first scanner were 
exactly those described in the patent (section 5, line 20), the various parts of the first system were not in the 
same place. The first images had been reconstructed to a 160 x 160 matrix. 
The UK 1,283,915 (USA 3,924,131) patent described specifically the First Generation of scanners. 
Dr LeMay of EMI invented a reconstruction method based on Convolution, with a Weighted Backprojection UK 
1,471,531 (USA 3,924,129). This patent also included a special process for performing the Convolution. The 
Pearl project in CRL, using this  reconstruction method, resulted in a higher matrix version (160 x 160) of the 
EMI scanner being installed on the same scanner at Atkinson Morley in 1974. To reduce the 180 degree streak 
problem, the facility to perform over-scan was also introduced, UK 1,493,243 (USA 4,052,619). 
To enable faster scanning to be used, a new second generation system was developed under the Super Opal 
project. This resulted in the CT 1010 being shipped to Atkinson Morley Hospital on 11 July 1975. This system 
had been announced at the meeting in Vancouver in July 1975. This system used a small fan of eight detectors, 
with a 3 degree step between traverses. 
The first whole body images were obtained from an adapted Mark 1 EMIscanner in November 1973. These 
results were the first to prove that computed tomography had also a major role to play as a whole body scanner. 
From the early success with the First Generation, work had started at EMI on the Emerald Project to develop a 
Second Generation of scanner for the whole body, based on the UK 1,478,124 (USA 3,946,234) patent. This 
system was also a Traverse/Step Rotate system, designed to be used to image the whole body. A small fan of 30 
crystal/PMT detectors was translated across the patient followed by an rotational Index step of 10 degrees. A 
total angular rotation of 180 degrees completed the data acquisition. Due to the faster scan time this was the first 
system enabling an image to be made during a single breath-hold. 
It had been appreciated by Dr Hounsfield from the onset that it would be possible to build a scanner with a data 
acquisition time a few seconds. To this end the Diamond Project was started to exploit the patent UK 1,430,089 
(USA 4,035,647). This was a Third Generation system, which has since formed the basis for a large number of 
commercial scanners. This key patent was registered on 20 June 1974 and granted on 12 July 1977. 
In addition to the Diamond Project it had been considered possible to have relative motion between the source 
and detectors (USA 4,052,618). This patent describes the Fourth Generation of CT systems that has also been 
used on a number of commercial scanners. 
The first product had been made public in 1972 amidst great interest and enthusiasm from the radiological 
profession.  EMI was deluged with orders, particularly from the United States, and it became clear that it was in 
that country that one of the major markets for CT scanners would exist. 
EMI's first sale in the USA was in 1973 but by mid-1975 it had installed 160 machines which, at an average cost 
of around $400,000, represented a large volume of business, which even at that time it was predicted would 
grow to 300-400 machines per year by the end of the decade. 
The early success of EMI had attracted other companies into the market. By the end of 1975 six other companies 
had entered (or announced that they were entering) the field, even although, by this time, US patent 3,778,614, 
equivalent to the original UK filing, had been granted. 
EMI had made no secret of the fact that it was willing to grant patent licences but was inhibited from adopting 
the instinctive European approach of meeting the companies concerned to discuss licensing. The reason for this 
inhibition was the fear that the company so approached might commence a Declaratory Judgement action against 
EMI and, moreover, might arrange for this action to take place in one of the many districts of the USA which 
was known to be hostile to patentees. Thus it was that in 1976 EMI commenced a patent infringement suit (in 
Cleveland, Ohio) against the company which was then its major competitor (Ohio Nuclear Corporation).  
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For similar reasons other suits were commenced, in 1977 (against Pfizer Corp), in 1978 (against General 
Electric) and in 1983 (against Picker Corporation). All of these suits were eventually settled before coming to 
trial but only after up to 3 years (in the case of each) of extensive discovery and taking of testimony. The total 
costs (excluding in-house professional time) easily exceeded a million dollars. 
By the late 70s/early 80s, when patents had been granted in most countries and the US court actions were 
beginning to be settled and a separate licensing programme in Japan and Europe was bearing fruit, the pay-off 
from concluded licences began and has continued since that date. Licensing income to date has amounted to 
many tens of millions of pounds sterling which represents not only an invaluable contribution to the profits of 
THORN EMI but also a contribution to the UK balance of payments. 
Thus it may be concluded that taking out patents for an invention in the appropriate countries and pursuing those 
who infringe them is a sound policy to follow. When a really important invention is made, patenting will 
eventually pay off, but the owner may have to wait many years (10 years in EMI's case) for this and may, during 
that waiting time face long delays due to the patent granting and enforcement procedures and incur perhaps very 
large legal bills (over £1 million in EMl's case). 

Yours etc., 
A B Strong 

R A A Hurst 
Thorn EMI Patents Ltd 

(Received 18 April 1993 and in final form 19 August 1993. accepted 19 August 1993.) 
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EM1 Scanner patent cases 
  UK No.         USA No. 
PQ 10581      3,965,357 
1,283,915      3,778,614 
1,283,915      3,919,552 
1,283,915      3,924,131 
1,471,531      3,924,129 (LeMay) 
1,493,243      4,052,619 
1,478,124      3,946,234 
1,430,089      4,035,647 
1,283,915      4,052,618 

 

Note: this transcript includes minor corrections to the published text, which gave the index angles as 20 degrees 
for the body scanner and 2 degrees for the CT1010 scanner, and which accidentally omitted 11 words shown in 
blue. The references have been made more precise. As a clarification, the “complete” scanner which was 
installed at Atkinson Morley Hospital in 1973 included a mini-computer whereas the machine which was used in 
October 1971 was a prototype which sent data on tapes for processing on EMI’s mainframe computer in Hayes.  
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