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Rapporto finale sulla valutazione espressa dagli  esperti del 
settore della tecnologia innovativa per lo screening dell'intero 

corpo umano con il 3D-CBS 
Tenuta il 1 Luglio 2003 

 
Questo è il rapporto della Commissione Locale, dei partecipanti alla revisione via internet e degli 
esperti nella materia che hanno studiato questo progetto negli anni passati e che  hanno avuto 
l’incarico di riesaminare l’innovazione di Dario Crosetto, l’apparecchio 3D-CBS. 
 
Lo scopo di questo rapporto è quello di ottenere la convalida o il rifiuto della dichiarazione di 
Crosetto che afferma che il suo apparecchio catturerà, nello stesso tempo, un numero di fotoni 
maggiore di 400 volte rispetto alle apparecchiature attualmente in uso, PET (Positron Emission 
Tomography: Tomografia dell’emissione di protoni), con una maggiore precisione in risoluzione 
spaziale e di energia ed un costo minore, migliorando notevolmente la precisione del PET e i suoi 
benefici sulla popolazione. Per questo, è stato chiesto ai membri della commissione di trovare e 
notificare ogni errore presente nel suo procedere, di fornire una critica costruttiva e di consigliare, 
raccomandare o  contestare la realizzazione delle apparecchiature 3D-CBS. 
 
È risaputo che, prima che un’idea innovativa sia riconosciuta e che il suo sviluppo si dimostri utile, 
passa troppo tempo. Si può capire che la gente mostri cautela verso idee radicalmente nuove, 
specialmente nei confronti di quelle che assicurano miglioramenti di due o tre ordini di grandezza. 
Questa è la ragione di questo rapporto; se non vengono trovati errori  significativi nei calcoli di 
Crosetto, e lui può dimostrare che l’apparecchiatura 3D-CBS può essere perfezionata con la 
tecnologia più recente,  gli scettici dovrebbero aprirsi al progresso, nonostante che questa sua 
innovazione sembri un po’ troppo rivoluzionaria. 
 
Questo rapporto comprende: una lista di membri della Commissione, lo scopo di questo esame 
(pagina 2), un riassunto e le raccomandazioni (pagina 2), la dimostrazione della validita' dei 
concetti e una completa simulazione presentata agli esaminatori (pagina 4), una serie di commenti e 
domande da parte degli esaminatori e da parte dei partecipanti alla conferenza web, poste durante la 
revisione (pagina 12) e commenti dei revisori dopo la conferenza (pagina 16).  
 
L’allegato A elenca i compiti e le procedure seguite dalla Commissione, il programma del giorno 
07/01/03 ed il programma della presentazione di Dario Crosetto “Perché il 3D-CBS?”  L’allegato B 
(pagina 21), tratta dei commenti e delle domande poste dalle persone che hanno studiato il 3D-CBS 
in passato e delle opinioni della Siemens, GE e altri. In questo rapporto sono elencati. inoltre, 
riferimenti a diversi documenti che forniscono  dettagli e vantaggi dell’apparecchiatura di Crosetto. 
 
Commissione locale: 
Paul Bartholdi, Fisico, Osservatorio di Ginevra, Svizzera 
Robert Burns, Oncologo, Dottore ospedaliero 
Frank Guy, Fisico (Presidente della conferenza) 
Paul Jerabek, Divisione PET; Capo del Centro di ricerca delle immagini, Università del Texas,  
           Centro scientifico della Salute, San Antonio 
Jerry Merryman, 30 di esperienza alla Texas Instruments, coinventore della calcolatrice tascabile 
Vernon Porter, 25 anni di esperienza alla Texas Instruments di Dallas, ricercatore associato 
            all'Universita' UT di Dallas 
Ruben Sonnino, Dirigente Industriale alla ST Microelectronics, una delle più grandi compagnie di 
 Fabbricazione di semiconduttori 
Kalpathy V. Venkatesan, Oncologo che effettua esami clinici sul PET, al Centro Comprensivo  
           del Cancro 
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Scopo della revisione. 
 

Sulla scorta dell’ esperienza pregressa, per evitare commenti o critiche vaghi o inappropriati , 
generalmente inutili per migliorare ,sia l’apparecchiatura 3D-CBS, sia la sua presentazione, è stato 
stilato un questionario per i revisori. Questo questionario è stato formulato per focalizzare 
l’attenzione principalmente su domande, commenti e critiche specifici, così che le informazioni 
raccolte potessero essere usate per migliorare il sistema, sviluppare una presentazione migliore, 
rispondere ad eventuali domande che potrebbero nascere tra coloro che desiderassero investire 
denaro  in questo progetto, o tra i futuri utenti, e correggere gli errori che venissero trovati.. Le 
domande sono state divise in cinque gruppi: 

• Efficienza dell’attuale PET 
• Efficienza del 3D-CBS 
• Vantaggi del 3D-CBS 
• Costi effettivi 
• L’impatto del 3D-CBS sulla salute  

 
Ognuno di questi gruppi è composto da affermazioni o domande specifiche a cui i revisori 
dovevano rispondere, solitamente con un “sì” o con un “no”, a seconda che fossero d’accordo o 
meno con i calcoli e i dati presentati. In caso di parere contrario veniva anche richiesto di  
precisarne la motivazione.  Questa procedura così inusuale, non è stata adottata per sottoporre a 
pressione i revisori, ma per poter esplorare  ogni elemento non chiaro o che non si condivideva, nei 
dettagli,  per ottenere la maggiore quantità di dati possibili dalla revisione e per rispondere a 
qualsiasi tipo di domanda che i revisori potessero avere. 

 
Riassunto e conclusioni 

 
I revisori hanno espresso il loro consenso sul fatto che l’apparecchiatura 3D-CBS possa diventare 
un strumento veramente significativo e di valore per la diagnostica medica nel miglioramento del 
servizio sanitario e possa produrre grandi miglioramenti nella diagnosi precoce del cancro e di altre 
malattie, come pure diventare un importante strumento di ricerca in campo medico. Secondo loro 
Crosetto ha fatto un lavoro eccellente nel realizzare le sue idee e nel disegnare l'elettronica 
,nonostante le sue limitate risorse economiche. 
Nessun errore è stato trovato nelle affermazioni di Crosetto sul calcolo delle prestazioni 
dell’apparecchio 3D-CBS.  Tuttavia, mentre il prezzo potrà eventualmente diminuire, sia i revisori, 
sia Crosetto, erano d’accordo sul fatto che sarebbero stati determinati dalla concorrenza. I 
miglioramenti della tecnologia o daranno un profitto estremamente positivo ai fabbricanti che 
possiedono i diritti e agli operatori dell’apparecchio 3D-CBS, altrimenti permetteranno di sostenere 
un significativo ribasso dei prezzi degli esami. Sono ancora necessari, comunque, alcuni studi su 
questo argomento.  
Durante l'esame, è stata presentata una dimostrazione dell’hardware che è stato sviluppato e 
costruito. È stata presentata una simulazione completa dell’elettronica. Si sono discussi i piani della 
costruzione, per i pezzi finali del prototipo 3D-CBS.  Tutti gli argomenti trattati, costituiscono una 
"prova di concetto", che dimostrano che il 3D-CBS puo' essere costruito a costi vantaggiosi 
(prezzo-prestazione) e che potra' funzionare secondo le previsioni. 
Nella seguente sezione, sono elencati i dettagli di questa prova, che comprendono: 

- Innovazioni: questo paragrafo spiega le tre innovazioni chiave che permettono il 
miglioramento dell’efficienza PET oltre 400 volte. Esse sono: a) l’elettronica, b) 
l’assemblaggio dei rilevatori, c) la combinazione sinergica di questi due. 

- Simulazione completa: è stata presentata ai revisori l’intera simulazione del sistema 3D-
FlowTM. 

- Implementazione: questo paragrafo spiega ciò che è stato costruito per implementare il 
concetto nell'FPGA (circuito a logica programmabile) sui due prototipi. Lo sviluppo di 
queste schede elettroniche, che normalmente costerebbero ciascuna centinaia di migliaia di 
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dollari secondo i metodi usati da una grande industria, sono stati sviluppati e costruiti 
interamente da Crosetto al costo di soli $20.000 ciascuna, usando un metodo di 
progettazione estremamente economico. 

- Piani per il completamento della costruzione: le parti principali dell’apparecchio 3D-CBS 
sono state progettate e/o costruite per provare la fattibilità e l’efficacia dei costi della 
macchina.  Crosetto intende comprare la maggior parte dei componenti rimanenti, 
direttamente dalla fabbrica e di subappaltare la costruzione dell’elettronica e delle altre parti 
che lui ha progettato e costruito in prototipo. Così il miglioramento dell’efficienza PET di 
centinaia di volte è dietro l’angolo e dipende principalmente dalla disponibilità dei fondi. 

 
Uno dei revisori, con molte invenzioni a suo credito, ha cosi’ riassunto le sue impressioni: “ Ho 
visto molti avanzamenti tecnologici durante la mia carriera ed inizialmente è sempre stato 
impossibile anticipare ogni beneficio e uso possibile dell’invenzione.  Lo stesso è vero in questo 
caso – il valore di questa invenzione sarà molto maggiore di quello che si è detto fin- ora.” 
 
I revisori erano d’accordo sul fatto che ogni sforzo debba essere fatto per portare questa tecnologia 
a buon termine, cosicché ne possano beneficiare professioni mediche, investitori, ma soprattutto le 
persone. Il progresso che è già stato compiuto finora, deve essere mostrato agli scettici ed a coloro 
che desiderano fare degli investimenti; le argomentazioni vengono presentate nelle precedenti 
sezioni 2 e 3 e nella seguente Prova di Concetto. Devono essere trovate risorse ed i revisori hanno 
pensato che sarebbe stata una buona idea collocare l’apparecchio 3D-CBS negli ospedali, perché sia 
valutato. Non si sono esposte ragioni tecniche o etiche per aspettare oltre. Naturalmente se esistono 
ulteriori quesiti, Crosetto è disponibile per rispondere alle domande. 
 
 Un revisore, esperto in costi di implementazione dello sviluppo di elettronica ha detto:  
 
“Sono impressionato dal livello di qualità del lavoro realizzato da Dario Crosetto, nelle varie parti 
del 3D-CBS, nonostante le limitate risorse finanziarie e di manodopera. Quando ho considerato, per 
esempio, la scheda elettronica che identifica i fotoni che lui ha costruito, sono stato fortemente 
impressionato dal fatto che Crosetto abbia progettato e costruito quelle schede con solamente 
$20.000 per scheda, in 20 FPGA molto grandi e totalmente programmabile. Nella mia esperienza 
industriale, la progettazione, lo sviluppo, la costruzione e il collaudo di schede con tali dimensioni e 
complessità è normalmente il lavoro di una squadra di ingegneri, con costi di centinaia di migliaia 
di dollari; Crosetto l’ha invece fatto tutto per conto suo, arrivando ai suoi obiettivi. La costruzione 
del prototipo in FPGA è stata la procedura ideale e corretta, che permetterà, in futuro, bassi costi, 
usando “Hard CopyTM” o la tecnologia ASIC (circuito integrato con specifiche applicazioni). 
 
Dopo aver seguito il progetto di Dario Crosetto per un periodo abbastanza lungo, mi sono accorto 
che ciò che lui dichiara, nonostante alcune volte si presenti come una procedura alquanto 
sconosciuta e rischiosa, come la sfida di connetere piu' di 20.000 punti di contatto dei circuiti 
integrati in soli otto strati di circuito stampato (PBC) di una scheda per IBM PC, si sia dimostrato 
fattibile.  Crosetto consegna ciò che promette, e la qualità del suo lavoro segue i più rigidi requisiti 
e soddisfa la più alta qualità in termini di uso della più avanzata tecnologia, gli strumenti più 
affidabili, i costruttori di circuiti e schede elettroniche e le tecniche di assemblaggio durante la sua 
implementazione.  
 
Sono convinto che Crosetto possa completare il suo lavoro e che possa costruire un prodotto di gran 
valore, utilizzando tutti i finanziamenti di investitori o donatori e usare i fondi in modo efficiente.” 
 
Nelle pagine successive viene riportato, integralmente nella sua versione 
originale, il rapporto finale sulla valutazione espressa dagli  esperti del settore 
della tecnologia innovativa per lo screening dell'intero corpo umano con il      
3D-CBS.  



 5

 
 
 

Report of the Open Review of the  
Three-Dimensional Complete Body Screening Device  

(3D-CBS) 
 

Held: July 1st, 2003 
 

This is the report of the Local Committee, webcast participants, and experts in the field who have 
studied this project during the past years, who were charged to review Dario Crosetto’s innovation, 
the 3D-CBS device. 
 
This review was convened to validate, or refute, Crosetto’s claims that his approach will capture 
over 400 times the number of photons in time coincidence than the current PET captures, with more 
accurate time and energy resolution, in a cost-effective manner, thus greatly improving PET 
accuracy and its benefits to the population.  Therefore committee members were asked to find and 
point out any errors in his approach, provide constructive criticism and advice where appropriate, 
and recommend or oppose implementation. 
 
Historically, too long a time has often elapsed before an innovative idea is recognized and its 
development is supported to usefulness.  People are understandably cautious about radical new 
ideas, especially ones that claim improvements of two or three orders of magnitude.  That is why 
this review was necessary; if no significant errors are found in Crosetto’s calculations, and he can 
show that the 3D-CBS can be implemented with current technology, then skeptics should be open 
to progress even if it seems revolutionary. 
 
This report comprises a list of committee members, the purpose of the review (Page 2), summary 
and conclusions (Page 2), the proof of concept and full simulation presented at the review (Page 4), 
a collection of comments and questions from reviewers and webcast participants during the review 
(Page 12), and comments from reviewers received after the review (Page 16).   
 
Attachment A (Page 18) reports committee charges and procedures, the agenda for the review (Page 
19) and the agenda of Crosetto's presentation "Why the 3D-CBS?" (Page 20). Attachment B (Page 
21) reports comments and questions from people who have studied the 3D-CBS in the past and 
opinions from Siemens, GE, and others.  There are also references to several papers containing 
details of the 3D-CBS and its proposed advantages (Page 27). (Page numbering cannot be seen in 
HTML, only pdf) 
 
Local Committee: 
 
Paul Bartholdi, Senior Physicist, Observatory of Geneva, Switzerland 
Robert Burns, Oncologist, Doctors Hospital, Dallas, Texas 
Frank Guy, Senior Physicist (Chair) 
Paul Jerabek, PET Division; Chief, Research Imaging Center,  
 University of Texas Health Science Center, San Antonio 
Jerry Merryman, 30 years of experience at Texas Instruments, co-inventor of the hand held 
calculator 
Vernon Porter, 25 years of experience at Texas Instruments, Research Associate at U. of Texas, 
Dallas  
Ruben Sonnino, Senior Executive at ST Microelectronics, one of the world’s largest  

semiconductor manufacturing companies 
Kalpathy V. Venkatesan, Oncologist performing PET clinical studies at Patients Comprehensive  
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 Cancer Center in Dallas, Texas 
Purpose of Review 

 
Because vague, unspecific and unsupported comments or criticisms (such as have been received in 
the past) are generally useless for improving either the 3D-CBS or its presentation, a questionnaire 
was submitted to the reviewers.  The questionnaire was designed to elicit useful specific questions, 
comments and criticisms so that the information gained could be used to improve the system, 
develop a better presentation, answer questions that might be raised by investors or users, and 
correct any errors that might be found.  The questions were divided into five groups: 

• Efficiency for current PET 
• Efficiency for the 3D-CBS 
• Advantages of the 3D-CBS 
• Cost Effectiveness 
• The Impact of the 3D-CBS on Health Care 

 
Each of these groups had specific statements or questions that the reviewers were asked to answer, 
usually with a “yes” or “no” signifying whether or not they agreed with the calculation or data.  If 
reviewers did not agree with the presented statement or datum, they were asked to state why.  This 
unusual approach was taken not to lead or pressure the reviewers, but so that any disagreement 
could be explored in detail to gain the maximum amount of useful information from the review and 
to settle any questions in the reviewers’ minds. 
 

Summary and Conclusions 
 
The consensus of the reviewers is that the 3D-CBS can become an extremely valuable addition to 
health-care imaging technology and can lead to great improvements in early detection of cancer and 
other ailments, as well as becoming an important research tool.  Crosetto has done an excellent job 
of implementing his ideas and in designing the electronics, given his limited economic resources.  
No error or fault could be found with his claims for the expected performance of the 3D-CBS.  
However, while substantial price reductions may eventually occur, both the reviewers and Crosetto 
agreed that they would likely be driven by competition.  The technology improvement will at the 
beginning either give a greater profit to the manufacturers owning the rights and the users operating 
the 3D-CBS, or will allow them to sustain a greater examination price reduction.  More study is 
needed here.  
During the review, a demonstration was presented showing the hardware that has been developed 
and constructed.  A full simulation of the electronics was shown.  Plans for construction of the final 
parts of the prototype 3D-CBS were discussed.  Together, these constituted a Proof of Concept to 
show that the 3D-CBS could be built in a cost-effective way and would function as predicted.  
Details of this proof are given in the following section, comprising:  

1. Innovations:  This explains the three key innovations that allow PET efficiency to be 
improved over 400 times.  They are a) the electronics, b) the detector assembly, and c) the 
synergistic combination of these two. 

2. Full simulation: The entire simulation of a 3D-FlowTM system was presented to the 
reviewers. 

3. Implementation: This explains what has been built to implement the concept in FPGA on 
two prototype boards.  These boards, that would cost hundreds of thousands of dollars each 
to develop according to normal industry design methods, were developed and constructed 
for $20,000 each by Crosetto using an extremely cost-efficient design method. 

4. Plans for completion of construction: The main parts of the 3D-CBS have been designed 
and/or built to prove the feasibility and cost-effectiveness of the machine. Crosetto intends 
to purchase most of the remaining components off-the-shelf and to subcontract the 
construction of the electronics and the other parts that he designed and built for a few units.  
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Thus the hundreds of times PET efficiency improvements are a fingertip away and mainly 
depend on availability of funding.   

 
One of the reviewers, with many inventions to his credit, summed up his impressions:  “I have seen 
many technological advances during my career and it was always impossible at the beginning 
to anticipate every possible benefit and use of the advance.  The same must be true in this case 
– There will be far larger value to this than has so far been listed.” 
 
The reviewers agreed that every effort should be made to bring this technology to fruition so that 
the medical profession, investors, and above all, the people, can benefit.  Skeptics and investors 
must be shown the progress that has already been made; convincing arguments are shown in above 
sections 2 and 3 and in the following Proof of Concept.  Resources must be found, and the 
reviewers thought that it was a good idea to place 3D-CBS machines in hospitals for evaluation.  
No technical or ethical reasons for further delay were raised.  Of course if there are additional 
concerns, Crosetto is available to answer questions. 
 
One reviewer, an expert in costs for implementation of the development of new electronics, stated: 
 
“I am impressed by the level of quality of the work performed by Dario Crosetto in the various 
areas of the 3D-CBS, despite his limited economical and manpower resources.  If I take for 
example the "photon detection board" that he built, I was impressed that Crosetto designed and 
build it with only $20,000 per board in 20 full programmable very large FPGA. In my experience in 
the industry the design, development, construction and debug of electronic boards of this magnitude 
and complexity is normally the work of a team of engineers costing hundreds of thousand of 
dollars, Crosetto did it all by himself achieving the objectives.  Building the prototype board in 
FPGA was the right approach enabling, in the future, to an easy coast effective migration to a 
considerable lower cost board using "Hard Copy" or ASIC technology.  
 
“After following Crosetto’s work for quite sometime, I came to realize that what he claims, 
although sometime it is a very unknown and a risky novel approach, such as the challenge of 
routing the connection of 20,000 pins in only 8 PCB layers of an IBM PC board, turn to be feasible.  
He delivers what promise, and the quality of his work follows the most stringent requirements, and 
satisfies the highest quality in terms of using the most advanced technology, reliable tools, 
manufacturers and assembly techniques during its implementation.   
 
“I am convinced that Crosetto can complete the job and get a lot of valuable products from any 
funding from investors or donors and use the funds effectively without too much overhead cost.” 
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Proof of Concept and Full Simulation Presented to the Review 
And Construction of the Final Parts of the 3D-CBS 

 
Besides the material supporting his claims provided to the reviewers (see reference [1], [6], [2]and 
Attachment A), Crosetto described the conceptual sections of his inventions in a single figure 
(Figure 1, that was included among the materials provided to the reviewers, see reference [3]), and 
one reviewer summarized those concepts in the following paragraph: 
 
"This novel technique provides better images in a shorter time with less radiation to the 
patient.  A primary means of accomplishing this is the use of more detectors to cover a larger 
solid angle, but this requires a new electronic technique capable of handling the increased 
data rate and allowing a more efficient use of economical crystals in the detector.  A novel 
electronic technique, combined with an improved/simplified detector assembly are the 
principal features of Crosetto's invention." 
 
Furthermore, simulation and hardware were demonstrated to prove the concepts and the 
construction of the final electronics.  These show that the 3D-CBS is feasible and cost-effective. 
 
1. Innovations allowing improving of PET efficiency by a factor greater than 400 

 

1.1. Key innovation of the electronics 
 
Concept:  
The concept of the 3D-FlowTM parallel-processing architecture that enables execution of a complex 
real-time algorithm, calculating different types of depth of interaction with zero dead time, and with 
data exchange with neighboring processors for a time longer than the time interval between two 
consecutive input data, is explained in several documents [4], [5], [6] (see also U.S. patent No. 
5,937,202).  This provides better energy measurement, which helps to reject scatter events more 
efficiently, and provides a way to improve spatial resolution by measuring more accurately the 
location where the incident photon hits the detector.  It also increases sensitivity in accepting 
oblique photons by eliminating the parallax error in accurately measuring the depth of interaction.  
One of the key algorithms that can be changed for different detector types having crystals with 
different decay times is described in figure 34 at page 53 of reference [6].  
 
This report shows how this concept was simulated and its hardware implementation was shown 
working flawlessly in hardware in FPGA.  The concept of digital processing versus analog 
processing is shown in Figure 33 of [6].  Another aspect of the invention is the way these concepts 
are implemented in hardware; the way the North, East, West, and South (NEWS) connections are 
implemented on IBM PC boards or designed to be implemented in VME boards.  This practical 
implementation is not only a concept, but now the IBM PC implementation with the NEWS 
information exchanged via flexible printed circuits is a reality that shows feasibility and cost-
effectiveness (see description below).  
 
Advantages compared to current technology: 
The limitations of current technology are shown in the performance of the features and 
measurements reported by third parties at http://www.itnonline.net/, by the PET manufacturers, and 
in articles [7], [8]. The key measurements made by the PET manufacturer CTI, that show the 
limitation of current electronics in detecting photons at the edges and corners of a 2x2 PMT, are 
shown in [9].   
 
Reference in the documentation, presentation, and discussion of this review: 

http://www.itnonline.net/
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See slides 26, 65, 66, 67, 68, 69, and section 4 of [6], Figure 34 of [6]. Time 01 hours, 11 minutes, 
10 seconds and the 2x2 PMT algorithm at time 02 hours, 11 minutes and 00 seconds of the video of 
the review available on the web [10]. 
 

1.2.  Key innovation of the detector assembly 
The key innovation of the detector assembly is the construction of one or a few large cameras 
versus hundreds (or thousands) of small cameras, such as are used in current PET.   
 
Advantages compared to current technology: 
More details of the assembly of the detector, such as making equal length cuts (or no cuts) with 
reflecting material between crystals versus cuts of different lengths as implemented in current PET, 
are (described in [4], [6]).  Those simplify assembly, lower the cost and increase the efficiency of 
the detector when used with the new 3D-FlowTM electronic architecture. 
 
Reference in the documentation, presentation, and discussion of this review: 
See slides 69, 70, and Appendix C.4 of [6], Figure 31 of [1], presentation and discussion in the 
video at 01 hours, 17 minutes, 00 seconds. 
 

1.3. Key innovation of the synergistic combination of the two above 
1. The 3D-FlowTM parallel-processing architecture allows the execution of complex algorithms 

with neighboring signals correlation in real time and provides the capability to extract more 
accurate information from the signals generated by the interaction between the incident photon 
and any type of crystal detector, allowing the use of more efficient economical crystals. 

2. The coupling of the detector with the electronics is made in such way that there are no 
boundaries or fixed detector segmentations; rather, each sensor of the detector (PMT, APD, 
etc.) is an element of a large array with the capability to act as the center of a cluster of 
elements, all providing information. 

 
Advantages compared to current technology: 
1. A more sophisticated, powerful, digitally programmable electronics, implemented in a way 

made simple by an optimized placement of the components (such as over 20,000 pins routed in 
only eight layers of signals), and by the assignment of the signal to the pins of the components, 
permits more efficient use of economical crystals. 

2. The one-to-one mapping of the detector array with a single array of electronic processing 
channels allows elimination of the inefficiency of current PET in capturing fewer photons, less 
accurately at the edge and corner of each of the hundreds (or thousands) of small cameras or at 
the edge of detectors with fixed segmentation. 

3. The simplified architecture of the electronics and detector assembly allows expansion of the 
length of the PET detector without an exponential increase in the complexity of the electronics, 
as the architecture of current PET would require.  This new architecture also allows the capture 
of more oblique photons with a simple, cost-effective electronics and results in greater 
uniformity of the image across the FOV. 

 
Reference in the documentation, presentation, discussion of this review: 
See slides 25, 26, 27 (at video time 00 h, 39 m, 00 s) 56 (at video time 01 h 06 m, 26 s), 69, 70 at 01 
h, 17 m, 00 s) and Section 8 of [6], presentation and discussion in the video. 
 
2. Full simulation of the concept 
The entire simulation of a 3D-FlowTM system with an array of 12 x 12 electronic channels was 
shown to the review panel. 
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1. A file with typical patterns of data received from a detector array was sent to the input of the 
electronic array. 

2. The simulator executed and showed the status of the calculation at each step at each processor 
node of the system.  See slide 57 and video at time 01 hours, 08 minutes, 49 seconds. 

3. The windows of the simulator could visualize any section of the 3D-FlowTM system, from the 
single three-dimensional array of processors in one window, to any portion of the array in 
different windows, to any details of any circuit in the system. See slide 57 and video at time 01 
hours, 08 minutes, 49 seconds. 

4. The flow of the data could be followed from the entry point of the system to the exit point.  
5. Calculations of each step could be verified manually. The exit point provided information on 

the screen and on a file of the spatial ID, time-stamp, and energy of the cluster found that passed 
the criteria of the photon detection real-time algorithm as described in Figure 34 of [6]. 

6. Values of the internal units of each 3D-FlowTM processor could be displayed. The binary value 
of each pin of each component could be displayed and saved on a file.  This binary value could 
be compared with the more detailed simulation from the Model Sim simulator in VHDL. 

7. The results of the photons found not only proved the feasibility of the photon detection 
algorithm, but also the second section of the 3D-FlowTM system which routes the information 
consistently through different paths to fewer exit points, thus performing the channel reduction, 
was shown.  The results of the photons found were then available at fewer exit points 
(compared to the number of input channels) with the complete information of spatial ID, time-
stamp, and energy of the photon found. See slide 57 and video at time 01 hours, 08 minutes, 49 
seconds. 

 
3. Implementation of the concept in FPGA on two prototype boards 
The proof that the 3D-FlowTM architecture is feasible and has the capability to execute a complex 
real-time algorithm with zero dead time, and with data exchange with neighboring processors for a 
time longer than the time interval between two consecutive input data, has been shown to the 
reviewers to be working in Altera® FPGA hardware with the following experimental setup. 
1. Two boards, each with an Altera® FPGA (see www.altera.com) with over 1.7 million gates 

accommodating the circuits of four 3D-FlowTM processors are connected in cascade mode to 
implement two layers of the 3D-FlowTM system.  The four processors on each board have the 
connection of the North ports with the South ports, and the West ports with the East ports. 

2. One input board, which is connected to the input of the first board with the FPGA, has two sets 
of four 8-bit switches that allow the user to set two sets of values simulating the data received 
from the sensors (PMT or APD) of the detector at time zero and at time zero + 1.   

3. One output board, which is connected to the output of the second board with FPGA, has two 
sets of four 8-bit LEDs that allow the user to visualize the result of the execution of the real-
time photon detection algorithm (see Figure 34 of [6]). One set of four LEDs shows the results 
obtained from the execution of the algorithm on the first FPGA chip for the input data pattern at 
time zero and the second group of LEDs shows the result of the execution of the algorithm 
executed on the second FPGA chip for the input data pattern at time zero + 1. 

4. Data are flowing through the 3D-FlowTM parallel processing system with point-to-point 
connections as described in the concept of the 3D-FlowTM architecture, which is set forth in 
U.S. patent 5,937,202 and in several documents [4], [6], and [1].  There is only one connection 
from the sensors to the first layer of the 3D-FlowTM system, a point-to-point connection 
between the two FPGA (representing 3D-FlowTM processors in different layers); and there is 
only one connection from the last layer of the 3D-FlowTM system to the output ports (the LED 
display in this case for diagnostic purposes).  All the arbitration of the flow of the input data and 
output results from processor to processor in different layers is achieved by the synchronous 
switching of the bypass switches internal to each 3D-FlowTM processor. 

5. The verification of the 3D-FlowTM architecture concept is performed for a) the result of the 
calculation of the real-time photon detection algorithm by looking at the result values displayed 
on the two sets of four 8-bit LEDs, and b) the dynamic flow of the data through the system is 
verified by looking at the timing of the signals visualized on the oscilloscope. 

http://www.altera.com/
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6. The concept of the possibility to execute the real-time photon algorithm in a 3D-FlowTM 
processor array is proven by verifying its execution in hardware and the result obtained on the 
LEDs of the experimental setup described above for each different input data pattern.  For 
example, referring to Figure 34 of [6], if we set the values on the group of four switches 
(corresponding to four sensors at time T0) to the left thus:  20 on the top-left (C in section "n" of 
slide 26), 4 on the top-right (E in section "n" of slide 26), 6 on the bottom left (S in section "n" 
of slide 26), and 2 on the bottom right (SE in section "n" of slide 26), the expected result will be 
determined by the following calculation.  Because of our connections North to South ports and 
West to East ports, after exchanging information with its eight neighbors, the processors at 
location C will have received the following information (see section "n" of slide 26): NW = 2, N 
= 6, NE = 2, W = 4, C = 20, E = 4, SW = 4, S = 6, and SE = 2. Because C is greater than its 8 
neighbors, processor C will be determined to have found a photon candidate and the sum of its 
energy will be 48, which is the value displayed on the top-left LED of the left group of four 8-
bit LEDs of the output board. The other three 8-bit LEDs of the same group will display zero 
because their inputs, having had lesser values than C, they are determined not to have found a 
photon candidate satisfying the real-time algorithm. At the same time a different pattern of 
values was set on the four 8-bit switches to the right of the input board (simulating the data from 
the same four sensors at time T0+1), and respectively: 20 on the top-left (C in section "n" of 
slide 26), 4 on the top-right (E in section "n" of slide 26), 38 on the bottom left (S in section "n" 
of slide 26), and 2 on the bottom right (SE in section "n" of slide 26). The expected result for 
this pattern will be determined by the following calculation. Because of our connections North 
to South ports and West to East ports, the processors at location C after exchanging information 
with its eight neighbors will have received the following information (see section "n" of slide 
26): NW = 4, N = 20, NE = 4, W = 2, C = 38, E = 2, SW = 4, S = 20, and SE = 4. Because C is 
greater than its 8 neighbors, processor C will have found a photon candidate and the sum of its 
energy will be 98, which is the value displayed on the bottom-left LED of the right group of 
four 8-bit LEDs of the output board. The other three 8-bit LEDs of the same group will display 
zero because they did not find a photon candidate satisfying the real-time algorithm.  This time 
the processor with value 20 will have received the following information from neighbors after 
exchanging information (see section "n" of slide 26).  NW = 2, N = 38, NE = 2, W = 4, C = 20, 
E = 4, SW = 4, S = 38, and SE = 2.  Because these values will not satisfy the photon detection 
algorithm of C being grater than all neighbors, this processor will abort the calculation (by 
executing a double branch which is shown on the lower signal of the oscilloscope).  The other 
two processors will not find a photon candidate for the same reason.  

7. The proof of the 3D-FlowTM architecture concept is done by comparing the schematic of Figure 
7 of U.S. Patent 5,937,202 (or a simpler description at Section 4 of [6], or table III, and figures 
9 and 10 of [6]) with the timing relation of the signals on the oscilloscope or the video at hour 
01, minute 55, and second 32.  The top signal of the oscilloscope shows the arrival time of the 
data at the input of the first layer of the 3D-FlowTM processors. The time interval between two 
input data is shorter than the execution time of the 3D-FlowTM algorithm. Because of the data 
exchange with neighboring processors, the task cannot be split and executed into different units, 
as is done in classical pipelined architectures implemented in the instruction decoding/execution 
of a computer (or in an assembly line of a manufacturing company).  This necessitates a parallel 
processing system. However, when an application requires communication between 
neighboring processors, the physical implementation of a parallel processing system between 
different arrays of processors becomes difficult and impractical if a multiplexer is used to fan 
out from one input point to several parallel processing units as is typically done.  This practical 
implementation problem has been solved as shown in the concept description of U.S. patent 
5,937,202 and in the experimental set up shown in Slide 66 and in the video at 01 hours, 14 
minutes, 03 seconds.  In this implementation there are only point-to-point connections between 
different parallel processing units.  The number of parallel processing units can increase almost 
indefinitely without incurring a problem of high fan out power dissipation, skewed because a 
fan out to a large number of components would have short and long connections, etc.  The input 
data shown at the top signal of the oscilloscope are received only from the first layer of the 3D-



 12

rk. 

FlowTM system. At the input of each 3D-FlowTM processor there is a FIFO that synchronizes the 
data flow and this, together with the data driven operation of each processor, allows good 
synchronization, enabling the execution of programs of different lengths or different execution 
times on each processor.  Input data and output results are passed from layer to layer by means 
of the arbitration of a bypass switch on each processor.  The second and third signal on the 
oscilloscope (see video at 01 hours, 55 minutes, 32 seconds) show the activity of one processor 
at the first layer and a processor at the second layer respectively executing the photon detection 
algorithm of Figure 34 of [6].  The “high state” shows the processor on "hold state" while 
during the "low state" the processor is executing the algorithm.  The signal at the second line 
shows a longer execution time with a single branch operation indicating that the processor 
found a photon candidate, while the signal at the third line shows the execution of the algorithm 
on a processor at the second layer of the 3D-FlowTM system. The algorithm at this processor did 
not find a photon candidate, thus it aborts processing sooner and with a double branch gets 
ready to process the next data.  Note that before the processor at the first layer ends the 
algorithm another datum arrives that is processed by the processor at the second layer.  The 
number of layers is determined by the input data rate and the complexity of the algorithm.  
Because both parameters are known for each application, one can design a 3D-FlowTM system 
with the correct number of layers and processor speed that will cope with both of them, 
guaranteeing zero dead time. 

 
4. Construction of the final components for the 3D-CBS 
 

4.1 Overall design of the 3D­CBS: 
As you can see from the following supporting material, the main parts of the 3D-CBS have been 
designed and/or built to prove the feasibility and cost-effectiveness of the machine.  Crosetto’s 
intention is to purchase most of the components off-the-shelf such as high voltage power supplies, 
photomultipliers, crystal detectors, etc. and to subcontract the construction of the electronics and the 
other parts that he designed and built for a few units.  Thus the PET efficiency improvements by 
orders of magnitude are a fingertip away and mainly depend on availability of funding.  No one was 
able to detect flaws in Crosetto's 3D-CBS system (see also references [11] [12]).  The simulation, 
and the operation of the parts already built indicate that the system should wo

4.1.1. Physical layout 
The physical layout of the entire 3D-CBS system is shown on slide 55. 

4.1.2. Logical Layout 
The logical layout of the entire 3D-CBS system is shown on slide 56. 

4.1.3 Software for the development of new applications 
The software suite called "Design Real-Time" includes 3D-Computing proprietary software of the 
3D-FlowTM project to create a project, simulate, monitor and debug the hardware.  It also includes 
third party software such as Model Sim from Model Technology and Quartus® from Altera® that is 
used to create and fully simulate an application (see slides 57 and 58) and then target it to a 
particular hardware for "System Monitoring" in real time during initialization and operation of the 
hardware system (see bottom box of slide 57 that includes the 3DF-SM and 3DF-HW).   
 
Two of the important advantages of this approach are its scalability and adaptability to the latest 
technology or to the technology most cost effective for the production volume desired.  This can be 
achieved because the entire design is in VHDL and C++, for a technology-independent 
implementation.  Current design has been targeted to a fully programmable Altera® FPGA that can 
accommodate four 3D-FlowTM processors per chip.  The same design can easily migrate to a future 
larger FPGA that will accommodate sixteen processors per chip (when sales volume will show a 
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price advantage).  It can migrate to a future more advanced FPGA, to "HardcopyTM" Altera® FPGA, 
or to ASIC as shown on slide 77.  A typical application (see slide 57) consists of using the 3D-
FlowTM processor IP (see center of slide) to design the real-time algorithm for a specific application 
with specific crystal detectors (see center of slide), to design the entire 3D-FlowTM system, to 
simulate the entire system and the details (see left of slide 77), and to compare the results of the 
detailed simulation of any chip of the system with the results obtained from the third party tools that 
have targeted the implementation to a specific hardware or component (FPGA, HardcopyTM, or 
ASIC) as shown on the right of slide 77.  The Design Real-Time also can be used to create a Virtual 
Processing System (bottom left on slide) that can be tested by the "System Monitor" (center on the 
slide) through RS232 serial I/O ports before construction as was done and reported in [4]. 
 

4.2. Implementation of the 3D­CBS: 
The experience gained from the experimental setup with the prototype boards described in Section 
3, besides proving the concept in hardware, has provided essential information for proceeding with 
the construction of the IBM PC board to be used in series in the construction of the 3D-CBS.  One 
of the most important results obtained is that the power consumption of an Altera® FPGA with four 
3D-FlowTM processors is about 1.5 watts; thus a board with 17 chips and some ancillary logic will 
consume about 30 watts.  This is the worst-case scenario, because the HardcopyTM version of the 
Altera® FPGA is expected to consume 50% less.  However, the information obtained will give 
confidence that designing an IBM chassis with a power supply distribution and capability to supply 
50 watts per board with an adequate cooling system (as has been implemented) will certainly satisfy 
the requirements. 

4.2.1. Photon detection board 
Crosetto has shown (on the video at 01 hours, 11 minutes, 10 seconds) the details of the 3D-FlowTM 
DAQ-DSP photon detection board that he designed with Concept HDL (Cadence).  He built the 
board for less than $20,000.  A commercial autorouter could not route the layout, with connections 
of 2,211 components with over 20,000 pins, automatically in less than 16 layers, which is the limit 
for standard IBM PC board thickness. Crosetto solved the problem by placing the components in a 
particular location on the board and by a special assignment of the signals to the pins that would 
facilitate the routing, avoiding many vias and crossing connections.  The board could then be 
successfully routed in part manually and in part with the autorouter in only eight layers of signals. 
Particular attention was paid to the power distribution, using six ground and power planes.  He also 
had particular consideration for the clock distribution that was implemented so that two clocks 
correlated in phase are distributed from a single source to all components in different boards with a 
maximum skew of only 40 picoseconds between any two clock signals to the 3D-FlowTM 
processors in any place of the system.  Crosetto has shown to the reviewers the layout of the board 
at different layers, in particular the power distribution and the clock distribution with traces of equal 
length to minimize the skew (see video at 01 hours, 04 minutes, 30 seconds, and slide top-left on 
slide 55, center of slide 56, and slides 65, 67, 68, and 69).  The printed circuit (PCB) of the photon 
detection board was manufactured by one of the best companies manufacturing PCB for high-end 
technological applications.  Crosetto purchased the components and/or received free samples and 
had the board assembled by one of the best companies using the most reliable processes (e.g. 
automatic pick and place of the components and temperature controlled soldering flow).  Both 
companies are familiar with regulations needed to comply with electronics for medical equipment 
and have among their customers companies that manufacture medical equipment.   

4.2.2. Coincidence detection board 
The coincidence detection board is designed and ready for construction, it is only awaiting funding. 
The function of this board is to take the photon candidates that have been found by the 16-photon 
detection boards of Section 4.2.1. and identify those in time coincidence (within a user-selectable 
time interval as short as a few nanoseconds).  See the description of the concept in Section 13.4.14 
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of [1].  The physical diagram of the board is shown at the center of slide 55; the logical function is 
shown on the right of slide 56. 

4.2.3. ANIN board 
An Analog Input board (ANIN) with four channels has been built.  Now a sixteen-channel version 
with connectors that plug in as a daughter board to the 3D-FlowTM DAQ-DSP photon detection 
boards needs to be built.  This 16-channel board has analog-to-digital converters and sixteen 
Constant Fraction Discriminator circuits that detect the arrival time, independent from the signal 
amplitude, of the photons at each electronic channel. 

4.2.4. Flexible printed circuit for North, East, West, South communication 
A flexible printed circuit carrying the Low Voltage Differential Signals (LVDS) between North, 
East, West and South ports of the processors on different boards, that can extend the 3D-FlowTM 
array to an infinite size, was designed and built as shown on the video. The connections are with 
100-ohm matched impedance required for LVDS. 

4.2.5 IBM PC chassis accommodating the electronics 
The IBM PC chassis shown in the video at 01 hours, 14 minutes, 03 seconds and on slide 66 is of 
rugged and reliable construction with four redundant power supplies for the PCI connectors and an 
additional power supply for the external power connectors on each 3D-FlowTM DAQ-DSP photon 
detection board.  It has three hot-swap fans 4.5" in diameter, four fans 1.5" in diameter, and one fan 
3" in diameter.  The backplane has 20 slots of which 18 will be used when the chassis is fully 
populated with boards.  The power supplies and cooling have been dimensioned to satisfy with a 
large margin the requirements of boards using fully programmable Altera® FPGA.  When the 
HardcopyTM is used, the power consumption will drop considerably. 

4.2.6. Detector 
The components for a prototype detector arrived just before the webcast event on July 1st.  
Immediately afterward, Crosetto assembled the 16 photomultipliers (kindly provided by Photonis, 
France) with the crystal (kindly provided by Saint Gobain -Bicron - USA) enclosed in a container, 
as shown on slides 83.  The High Voltage power supply (kindly provided by CAEN - Italy) and the 
detector worked immediately after assembly.  The signals obtained from a Cs-137 source were 
shown on the oscilloscope and witnessed by the Chairman of the review after July 1st.  See slides 
01, 35, and 44 of the assembly of the detector.   

4.2.7. Gantry 
The gantry is shown in the video at 01 hours, 17 minutes, 54 seconds and on slide 71. Crosetto 
designed and built the gantry for the 3D-CBS in one month, working part time and spending only 
$5,000 in material.  It is of rugged, reliable and safe construction.  It is flexible, to accommodate a 
detector of circular geometry 16 cm in length, such as current PET, and allows an increase in length 
up to 1.8 meters. Besides the circular shape, it has the flexibility to accommodate detectors of 
different shapes such as cylindrical with smaller diameter for the head and elliptical for the torso.  
The upper section of the gantry has been tested to lift over 7000 lb pounds, almost five times the 
estimated weight of the portion of the detector to be lifted, which is about 1500 pounds). 

4.2.8 Software for monitoring and troubleshooting during operation of the 3D­
CBS 
The software to monitor the 3D-FlowTM electronics system is completed, including software repair 
routines that isolate problems such as a broken cable, processor, or component by loading into the 
processors that are neighboring to the malfunctioning cable or processor, a modified program that 
will not send data, or request data from that component.  This will allow the system to operate even 
when some channels are out of service, postponing the hardware repair to when the hardware 
maintenance will be available.  A broken channel in the 3D-CBS system with a long FOV, which 
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normally captures more than 10% of the photons emitted by the patient's body, will still allow much 
better performance than a system with a short FOV, which detects only about 0.02% of the pairs of 
photons emitted through the patient's body.  
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Review Committee Comments 
 
The following is a compilation of detailed committee comments and concerns that were written on 
the questionnaire.  These comments can be used as background material and basis for guiding 
future work.  All comments are not necessarily self consistent as some differing views were 
expressed.  However, the chairman of the review panel asked for a last comment/explanation to 
Crosetto according to the rules spelled out in the procedure and then the entire comment was 
included in this report, unless the reviewer asked to omit it.  
 

• Efficiency for current PET 
 
Efficiency is defined here as the ratio between the pairs of photons in time coincidence detected by 
the instrument and the radiation activity in the patient during the scanning time.  Efficiency was 
calculated for several factors, each of which contributed to the total efficiency.  No reviewer 
disagreed with Crosetto’s calculation of 0.01% to 0.02% total efficiency.  For current PET 
technology, total efficiency was calculated from actual coincidence data and actual radioisotope 
doses.  One reviewer calculated the efficiency to be 0.017%.  Another made the comment:  
 

“To the best of my knowledge, and after hearing the arguments on the subject in various 
discussions, I agree that the approach is right.” 
 

• Efficiency for the 3D-CBS 
 
Reviewers agreed that the 3D-CBS efficiency would be about 10%.   
Comments were as follows: 
 
 “The electronics have potential for providing a more efficient and more accurate means of 
detecting photons for PET applications.” 
 
 “The format and the approach is correct.  I can not speak for the exact % but the order of 
magnitude is correct.” 
  
The field-of-view contribution to the total calculated efficiency for the 3D-CBS was 95%, which 
was the ratio of the length of the detector to the patient’s length, head to knees (normally, blood 
flow to the lower legs would be restricted during short examinations with O-15, water).  Concerned 
that a fair comparison be made between machines, one reviewer commented, “95% only applies in 
comparing machines for full body scan.”  Of course the comment is correct.  The 3D-CBS would 
normally be used in full-body examination mode, and would give the advantages of such 
examination, so the comparison is fair. 
 

• Advantages of the 3D-CBS 
 
Reviewers were asked if they agreed that the 3D-CBS approach provided advantages in sensitivity, 
spatial resolution, scatter rejection and algorithm complexity over current PET.  Reviewers agreed 
with the claimed advantages, within the limits of their expertise.  In this section, reviewers were 
also asked to grade the quality of the electronics.  Some reviewers declined to comment on this 
portion of the questionnaire because it was outside of their area of expertise, but those who felt 
qualified to judge gave high marks to Crosetto's designs and construction.  This comment was 
made: 
 
 “The working demo prove that the photon detection and FPGA are working fine (single 
board); his PC chassis looks of very good quality; the FPGA board looks simpler than expected for 
so many components and interconnections.  Simplicity is the key to success!” 
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• Cost Effectiveness 

 
This section generated considerable comment.  Reviewers generally agreed that competition would 
drive patient examination price down as the 3D-CBS comes into widespread usage but noted that it 
was unclear just how much or how soon this price reduction would occur.  Those reviewers who are 
familiar with the breakdown of PET pricing thought that Crosetto’s estimate of $400 per exam was 
probably too optimistic; certain costs such as patient preparation, reading and evaluating results 
were unlikely to decrease much.  Other costs such as facility, power, maintenance, radioisotope 
dose, and some personnel costs will certainly decrease as patient throughput increases.  Some 
reviewers also questioned Crosetto’s estimate of 30 patients per day; they thought 20 was a more 
realistic figure.  Comments: 
 
Crosetto's comment: I agree that the examination price will be determined by the offer/demand and 
it may be much higher than the examination cost. The examination price will be lower as the 
competition increases. Please see how I calculated the operating costs of 14 cm FOV PET, 25 cm 
FOV PET and 147 cm FOV PET following criteria similar to the costs determined after more than 
10 years of operation by the hospital in Zurich (Switzerland) and reported in the book [13] by Von 
Schulthess.  Different regions in the world may have different costs for the same items. Please 
modify the costs that are more appropriate for your region and that you can support with evidence 
and recalculate the operating costs with those figures (I will appreciate if you could forward me 
your calculation and the supporting criteria you have used for your costs).  I can be sure that the 
number you obtain will be lower than the examination price.  The difference is the profit that 
hospitals, physicians, investors, etc., are making.  It is expected to be higher when there are few 3D-
CBS in the market and lower when the competition grows and will level them.  So, this will be a 
big advantage for investors who will first support the 3D-CBS project and take the longer leap 
compared to the competition in being able to afford a much greater decrease in the examination 
price without losing money (or to make more profit during the initial period when the competition 
cannot have a device at as high a throughput and as good image quality as the 3D-CBS can provide) 
Calculation of the operating costs:  Please, see table I at page 1 of [6] and notes 10, 11, 12, 13, and 
14 at page 7; and table X at page 28, notes 41, 42, 43, 44, 46, and 47 at page 28 of [6] and tables 
XII, and XIII at page 29. (If you think that I left out some costs that should be there, please write 
me an email and I will be glad to add those). 
The following are the criteria/assumption used to calculate the operating costs.  Please provide your 
input for any figure/assumption/criteria that you wish to correct in order to better reflect the costs at 
your facility (or region). 
 
1. Capital amortization (over a period of 8 years). Assumed: $1M, for < 14 cm FOV; $2.2M for 25 

cm FOV; and $6M for 150 cm FOV 
2. Capital cost (5%). Assumed per year: $50K, for < 14 cm FOV; $110K for 25 cm FOV; and 

$300K for 150 cm FOV. 
3. Service contract. Assumed per year: $60K, for < 14 cm FOV; $100K for 25 cm FOV; and 

$200K for 150 cm FOV 
4. Upgrading. Assumed per year: $60K, for < 14 cm FOV; $100K for 25 cm FOV; and $150K for 

150 cm FOV 
5. Building. Assumed to cost $720,000 
6. Personnel. Assumed to require ½ MD, 2 technologists/administrators for the < 14 cm FOV for 5 

days/week for the < 14 cm FOV; ½ MD, 3 technologists/administrators for the 25 cm FOV for 5 
days/week for the 25 cm FOV; 1 MD, 3 technologists/administrators for the 150 cm FOV for 5 
days/week (Assuming MD salary = $200K/year and technologists/administrators = $50K per 
year) 

7. Radioisotope FDG.  The cost of the radioisotope is assumed to be the same of about $3,400/day 
for the three types of PET. (Although the 150 cm FOV PET requires less radiation per exam, 
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the patient throughput is much greater so the total quantity of radioisotope per day can be the 
same using a conservative estimate). 

(End of Crosetto’s comment) 
 
 “3rd party payers don’t want to pay for preventive health care; don’t use the words 
‘preventive screening’.”   
 
Crosetto's comment: This statement is certainly true for many 3rd party payers but it is related to 
marketing and does not have a bearing in validating or invalidating technology that provides 
benefits in lower radiation, better image quality and lower examination cost.  I may leave the 
decision to the marketing people what would be the best strategy, whether to open a new market for 
preventive screening or not.  A good machine that provides the above benefits will sell itself.   
  
 “Lowered cost?  Only cost that will be lowered initially will be the cost of the 
pharmaceutical radioisotope.  Big advantage is increased number of tests per hour.” 
 
Crosetto's comment: This may well be the case initially, but please see at page 13 the calculation of 
the operating cost. 
 
 “Cost effectiveness will be driven by the success of the machine development, approval, 
marketing and long-term benefit.” 
 
Crosetto's comment: I agree that cost-effectiveness is related to volume.  The more units are built, 
the cheaper manufacturing cost will be.  However, there is a cost-effectiveness before that, which is 
related to how the machine is designed and which is much more important than the saving in 
volume production. For example, trying to build a PET with LSO with 1.5 meters in length will 
have an astronomical cost and there will be no capability to satisfy the demand of LSO crystals 
because there are not enough production facilities in the world. On the other hand, a PET with BGO 
or NaI(TI) 1.5 meters long with a simpler detector assembly, electronics that can extract more 
efficiently the information from the economical detector, and having approximately the same 
number of PMTs as a current PET 25 cm in length, can be called a cost-effective implementation. 
 
 “Higher throughput not necessarily will translate into lower cost of personnel.  It will 
increase the throughput of the examination, but you will need more personnel in preparing the 
patient for the examination and the final reading and interpretation of the results.  Some detailed 
analysis by the expert in this field is appropriate.” 
 
Crosetto's comment: please see the calculation of the operating costs. It is true that the cost of 
personnel in absolute figures per day (or month, or year) will increase (as is shown in my 
calculations in [6]).  My statement was made in terms of personnel cost per examination. 
 

• The Impact of the 3D-CBS on Health Care 
 
To a statement that the 3D-CBS makes it possible to view images of biological processes as a 
streaming video, one reviewer commented:  “Whether it makes it possible to view images as a 
streaming video instead of a still picture will depend on the reconstruction software – which was 
not addressed.” 
 
Crosetto's comment: Current PET cannot provide such functionality because the data are not 
captured simultaneously from the entire body.  Even for an organ it is difficult to have a streaming 
video from current PET because their efficiency in capturing oblique photons is low and it will 
require giving too high a radiation dose to have enough statistics to run a video instead of 
accumulating photons for a static image.  Computers are doubling their performance about every 
two years and there are rendering/animation/display programs that perform even more complex 
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operations; note, for example, the reconstruction of an event in high-energy physics, or the 
animations made by the company Pixar. 
 
Reviewers were asked to write down possible benefits of 3D-CBS technology that are not possible 
with current PET technology.  The following comments were received: 
 
 “Lower dosage; better imaging; faster completion; simultaneity and correlation; possibly – 
lower cost.  Overall comment:  I have seen many technological advances during my career and it 
was always impossible at the beginning to anticipate every possible benefit and use of the advance.  
The same must be true in this case – There will be far larger value to this than has so far been 
listed.” 
 
 “I believe that the front end electronics has potential for providing a more efficient and 
accurate means of detecting photons for PET applications.” 
 
 “The zero dead time provided by the 3D architecture is very important.  It permits powerful 
(new) algorithms to be applied without losing photons.  The very good time resolution is also 
important, especially for research.  Any new system as the 3D-CBS will certainly open new doors 
for health and research that we can not think of in advance.  This has been proved on all occasions 
in the past when new instruments were developed.  Just think about the first telescope of Galileo!” 
 
Questions from the webcast participants during the review 
 
Dr. Michele Barone from Demokritos Scientific Research Center in Athens, Greece, and member of 
the CMS collaboration at CERN asked a question on how much power consumption the 3D-FlowTM 
DSP photon detection board requires. 
Crosetto's answer was that the current version shown at the review accommodates 17 large FPGA 
with 1.7 million gates fully programmable (PLD).  It consumes about 30 watts. However, in the 3D-
CBS unit, the "HardcopyTM" version of those Altera® FPGA will be used which will consume about 
50% as much power as the PLD version.  The board consumption will not drop to 50% because 
there are other FPGA that will remain in the PLD version.  As a precaution, however, the chassis 
power supply and cooling system has been designed to provide and sustain twice the estimated 
required power consumption. 
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Responses received after the review 
 
Reviewers were asked to send in any additional comments or questions by email after the review 
was over.  These are the relevant comments that were received: 
 
“…..the only reason I answered that question “No” as to why I felt that 3D-CBS would not lower 
the overall healthcare cost was because what happens most often when a technology is introduced, 
the new technology does not become a replacement test for the old test for some time because 
people are still getting familiar with the new test and during that time the radiologist is also 
recommending doing the old test first.  To give you an example, when the CT scan was originally 
introduced it took some time for it to completely replace the nuclear liver spleen scan.  So for some 
time, what actually happened was people were doing the nuclear spleen scan and then also doing 
the CT scan so instead of one test they were doing two tests for some time until the radiologist and 
the doctors became familiar with the technology.  When familiarity was accomplished in say three 
or four years time, then the CT scan completely replaced the nuclear medicine scan to evaluate the 
liver and no one ordered the nuclear scans.  Similarly, I suspect that when the 3-D PET scan is 
introduced, for a certain period of time people might not just do the 3-D PET scans immediately but 
might actually do a regular PET scan and then also do a 3-D PET scan.  This is the reason why I 
answered that question in the manner that I answered saying that it would not lower the health care 
costs immediately but over a period of years when all the doctors and radiologist become familiar 
with the technology and much clinical research becomes available saying that it is a replacement 
test.  Then, people will stop doing the old test and simply do the new test.” 
 
Crosetto's comment: This statement that sometimes oncologists and radiologists will request both 
examinations points out an important factor to keep in mind when planning the introduction of the 
3D-CBS to the medical community.  However, it does not have a bearing in validating or 
invalidating technology that provides benefits in lower radiation, better image quality and lower 
examination cost.  For example when the Euro was introduced in Europe, billions of dollars were 
spent during the first months (years) by private industries and by the governments because of the 
learning curve and because of double accounting (old currency and the new currency), however, it 
was not a good reason to stop the change.  Most of the time when there is a change, this creates a 
higher cost during the first phase.  However, it is a poor reason for not having the change because 
otherwise there will never be progress. 
 
 
“I really enjoyed the meeting and learned a lot about the 3-D PET scan and the various possibilities 
that it can offer.  I am truly excited about the 3-D complete body scanner and I certainly feel that it 
would make a tremendous impact in the field of oncology once it has been introduced and people 
become very familiar with the use of this technique and clinical research has been done which bears 
out this data.  Again, you had asked the question about the new possibilities for an oncologist from 
having the 3-D complete body scan and this would most certainly be a great help towards early 
diagnosis of malignancies which most often translates into cure for malignancies and that is why I 
feel that this technology ultimately will have a tremendous impact in my field.” 
 
“I believe that the front end electronics for the proposed 3D-CBS system represents a new and 
interesting technology to improve the sensitivity and resolution of PET relative to that which is 
currently available with existing systems.  As Mr. Crosetto is well aware of, the improvement in 
PET scanner technology that has occurred over the past 20+ years has resulted in relatively small 
incremental improvements in these parameters using for the most part, derivatives of already 
existing technology.  Indeed, probably the biggest technological improvement may be merely the 
increase in computing power available to handle the acquisition and processing streams associated 
with PET scanning.  Hence, the 3D-CBS system has the potential to offer new technology that in 
the long run will benefit the PET industry.  My only recommendation is to move forward.” 
 



“I am impressed by the level of quality of the work performed by Dario Crosetto in the various 
areas of the 3D-CBS, despite his limited economical and manpower resources.  If I take for 
example the "photon detection board" that he built, I was impressed that Crosetto designed and 
build it with only $20,000 per board in 20 full programmable very large FPGA. In my experience in 
the industry the design, development, construction and debug of electronic boards of this magnitude 
and complexity is normally the work of a team of engineers costing hundreds of thousand of 
dollars, Crosetto did it all by himself achieving the objectives.  Building the prototype board in 
FPGA was the right approach enabling, in the future, to an easy coast effective migration to a 
considerable lower  
cost board using "Hard Copy" or ASIC technology.  
 
“After following Crosetto’s work for quite sometime, I came to realize that what he claims, 
although sometime it is a very unknown and a risky novel approach, such as the challenge of 
routing the connection of 20,000 pins in only 8 PCB layers of an IBM PC board, turn to be feasible.  
He delivers what promise, and the quality of his work follows the most stringent requirements, and 
satisfies the highest quality in terms of using the most advanced technology, reliable tools, 
manufacturers and assembly techniques during its implementation.   
 
“I am convinced that Crosetto can complete the job and get a lot of valuable products from any 
funding from investors or donors and use the funds effectively without too much overhead cost.” 
 
“I believe that D. Crosetto has done a remarkable job of synthesizing both novel and mundane 
advances in the quest for a high performance PET imaging device.  He has analysed the problem 
areas in extreme detail and found a solution for each and every deficiency in the classic approach to 
PET design.  As a consequence, I believe that the multiple improvements he has implemented will 
not just simply multiply but will form a synergism which will give even more benefit than 
calculated.” 
 
********************************************************************************
** 
 
This concludes (except for Attachments A and B) the Report of the Open Review of the Three-
Dimensional Complete Body Screening Device (3D-CBS), held July 1st, 2003.  It has been a 
pleasure and a challenge to serve as Chairman of this Review Committee.  I sincerely thank all the 
reviewers who gave their time and effort to this important task.  We all hope and trust that this 
effort will result in a significant advance in medical imaging and will be of benefit to the medical 
community and, most significantly, to the many individuals – and their loved ones – who will 
benefit from early detection of cancer. 
 
Signed 

 
Frank W. Guy 
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Attachment A: 
 

Review of the 3-D Complete Body Screening (3D-CBS) project 
July 1st, 2003. DeSoto, TX 75115 

 
Charges to the Reviewers 

 
Greetings and Introduction 
 
Purpose of the Review 
• Historically, too long a time has been elapsed between the formation of an innovative idea and 

its development to usefulness.  People are understandably cautious about radical new ideas, and 
the greater the claim for improvement, the greater the skepticism.  However, we all know that 
progress is not always evolutionary; sometimes it is revolutionary. 

• Our job today is to reduce delay and hasten the acceptance of a groundbreaking new concept for 
a medical imaging machine, the 3-D Complete Body Screening.  This idea is too important and 
too potentially beneficial to too many people, for unnecessary delay.  Hospitals need it, doctors 
need it, investors need it, and above all the general public needs it. We consider this review a 
necessary step toward gaining timely recognition and implementation of the 3D-CBS. 

 
Agenda of review: 
• Overview: Motivation to develop the 3D-CBS; Concept: Benefits; Commercialization. 
• Initial questions that you may have after the overview. 
• Description of the equipment. 
• Technical discussion and specific questions concerning each part or facet of the system. 
• General questions and concerns, feasibility of the concept, and any specific questions that did 

not occur to you during the other sessions. 
• Conclusions and assessments. Complete questionnaire. 
 
Questionnaire 
• We have compiled a list of questions and concerns that may be raised during the course of this 

review.  These are presented in the questionnaire, and we would appreciate your careful 
consideration and comments on each of item. 

• On the questionnaire items:  If you have any comments, questions, disagreements, or concerns, 
that you feel have not been adequately addressed today, or feel that further explanation would 
be helpful, then please either bring this up during the conclusion session or write them down for 
a written response.  Also, please bring up anything that you feel should be in the questionnaire, 
but has not been addressed. 

 
Follow-up Timeline for the completion of the review 
• July 1: Hand out questionnaire. 
• July 6: If you need further time to formulate a question, read some references, or do some 

calculations or research, please do so and submit your comments and questions to Dario 
Crosetto by email (at Crosetto@att.net and copy to the Chairman of the review, Frank Guy, at: 
fglinac@azmail.net) on or before this date. Please do not raise any new issues after July 6; we 
should not stretch the dialog out indefinitely. 

• July 7: Dario Crosetto will email answers to questions written on the questionnaires. (He will 
also send a copy to the Chairman of the review panel Frank Guy) 

• July 11: Crosetto will email answers to questions submitted by email on or before July 6. (He 
will also send a copy to the Chairman of the review panel) 

mailto:Crosetto@att.net
mailto:fglinac@azmail.net
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• July 15:  Reviewers please email your recommendation to Crosetto by this date (please also 
send a copy to the Chairman).  Please comment as to whether or not his answers to your 
questions were satisfactory.  If unsatisfactory, please say why. 

• July 21: First draft of panel recommendations compiled by Chairman of the review panel will 
be emailed to reviewers for your approval and comments, summarizing everyone’s opinion and 
concerns.  If you are unsatisfied with Crosetto’s answers to your questions, your comments will 
be included, and Crosetto will explain further. 

• July 28: Reviewers please send approval and/or comments on the draft to Frank Guy (at 
fglinac@azmail.net). 

• August 4: Final draft emailed to reviewers. 
• August 11: Release of reviewers’ report 
 
============ End of Charges to the reviewers and procedure ================= 
 
 
 
 
3D-CBS OPEN Review, Day Agenda (O = Open to; C = Closed) 
 

• 9:00 Charges to the reviewers (C) 
• 9:30 Introduction (O) 
• 9:40 Why the 3D-CBS (O) 
• 10:40 Q&A (O) 
• 11:10 Equipment and Tools developed for the 3D-CBS (O)  
• 12:30 Lunch  
• 13:00 Specific questions on PET efficiency (where is the theoretical limit, how far 

are current PET from it, how close can we get to the theoretical limit) (O)  
• 13:20 Specific questions on cost-effectiveness (FOV vs. machine cost, vs. 

examination cost, etc.) (O)  
• 13:40 Specific questions on detector (O)  
• 14:00 Specific questions on electronics (O)  
• 14:20 Specific questions on testability (simulation, hardware)  (O)  
• 14:30 Coffee break 
• 14:35 Specific questions on detector geometry mechanics (gantry) (O)  
• 15:15 Specific questions on medical impact, benefits, and safety to the patient (O)  
• 15:35 What has Crosetto built, what is needed to complete the 3D-CBS.  Q&A. 

Any other issue/question  (O)  
• 16:00 Conclusions and assessments. Complete questionnaire (C)  

 
 
Agenda of Crosetto's presentation: Why the 3D-CBS? 
 

• NEEDS and MISSION: Defeat Cancer with early detection 
• Need a medical imaging device at very high sensitivity, low radiation,   

   good image quality, low examination cost. Solution: the 3D-CBS (Advantages) 
• Visualize yourself in the future (Not too far, because the technology is here) 
• Lost photons in current PET and PET/CT 
• Limiting factors of current PET and distinctive innovative features of the 3D-CBS 
• Who will want the 3D-CBS  (the market) 

mailto:fglinac@azmail.net
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• FDA Approval Procedure 
• What is the best way to bring this invention to the public (in the shortest possible time and to  

   the largest possible number) 
• How Barriers to enter the market/roadblocks are overcome 
• How to measure progress toward the mission from contributions by foundations/donors 
• How to protect  investors to get to a rapid and large commercialization of the 3D-CBS 
• Advantages to all parties (Patients, Investors, Manufacturers, Insurance 

   and Pharmaceutical companies, Government, Hospitals, and Doctors)  
• Operating costs of the commercial version of the 3D-CBS. Amortization costs.  

   Lowering health  care costs.  
• The product: Physical & Logical layout and the software for the 3D-CBS 
• Cost of the 3D-CBS and when the donation of a unit can be made to a hospital 
• Details of the 3D-CBS and its advantages  
• A word of thanks to the following companies/foundations 
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Attachment B: 
 
The following is a collection of documents (testimonials, facts, meetings, opinions, etc) from 
different experts who in the past have evaluated Crosetto's innovative technology that enables 
efficiency improvements of hundreds of times over current PET by building a new device that he 
terms the 3D-CBS.   
 
Many people have had questions and concerns about Crosetto's inventions, which is 
understandable; Dr. James Ralph (BNL) has said that happens every time someone claims 
improvements of two to three orders of magnitude.  However, no one in this case could point out 
flaws sustained by scientific arguments in Crosetto's design and implementation that would 
invalidate his claim.   
 
A common statement that Crosetto received when he first set forth his new idea of improving 
electronics that would allow the use of economical crystals, simplify detector assembly and capture 
more photons more accurately, was: "…it is not necessary to extend the FOV because the largest 
organ is only 15 cm," or that it was not cost-effective because a few attempts made in the past 
showed that it was not advantageous economically and technically. 
 
These negative reactions are shown to be mistaken by the fact that Crosetto's approach and design is 
being copied and a few people and companies are reversing their trends and going in the same 
direction.  GE even announced on February 2002 a PET Discovery VI with 6 x NaI(TI) crystals in a 
hexagonal ring coupled to 570 PM-Tubes with 1 ADC per tube and an Axial FOV of 50 cm.  The 
new product was announced on the web for some time at the beginning of 2002 and then was 
withdrawn.  Now Hamamatsu has announced a new PET with 60 cm axial FOV.  An executive 
scientist from General Electric wrote a message to a scientist at one of the largest international 
research center commenting: "…on excellent contribution which D. Crosetto is making to the 
field."  
 
The answer to the problems encountered in the past by the people/companies who attempted to 
design and build a PET with a long axial FOV is here now.  It is spelled out clearly in Crosetto's 
patent pending, and in his documentation available on publications and on the web.  It has been 
explained during the OPEN review on July 1st, 2003.  The proof that he has solved the problem of 
building a cost-effective PET with long FOV comes from the fact that previously, no one attempted 
to build it; while now, after his patents, books and published documents, it is possible to build it.  
One more thing; it shows that it would be worthwhile to provide funding to further advance his 
research, that is: 
- His being tenaciously focused in pursuit of the goal of improving medicine for the benefit of the 

people, while recent history shows that during the past years many industries have lost sight of 
this goal and have been more driven by the bottom line than the good of society in general. 

- His focus in building a machine that improves the image quality, lowers the radiation and 
lowers the examination cost by making use of more economical crystals and more sophisticated 
(but not necessarily more expensive) electronics and a simpler detector assembly, versus the 
traditional trend during the past decades (and still today) of improving only the crystal 
efficiency, without focusing on lowering the examination cost. 

 
Above all, the fact that after two decades the industry followed one trend and now is changing to 
follow Crosetto's trend is a significant indicator of the worth of his ideas, and a good reason to 
provide a minimum funding to allow him to proceed with his PET advances for the betterment of 
health care.  He has already achieved a great deal; he has finished or proven most of the technical 
advances, and there is very little doubt that the remainder will be just as successful.  Now the 
concept must be fleshed out with an actual machine that will prove the major advantages of the 3D-
CBS.  The next step depends upon smart, compassionate investors or contributors that realize how 
much this machine will mean to the people and how great the benefits will be to those who help 
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now.  Government agencies such as SBIR, with the mission to fund people with ideas but with no 
capital, would have encouraged other inventors in the same situation if they could have recognized 
Crosetto's innovation before he had to continue to translate his concept in hardware with his own 
hard work and funding from friends and other sources. 
 
List of statement/documents accumulated during the past years: 
 
1. Meeting/review at 900 Hideaway Pl. DeSoto Texas on November 6, 2002 with Siemens 

President of Nuclear medicine Michael Reitermann and Director of the PET group 
Vilim Simcic 

 
I (Frank Guy) was present during this meeting together with six other people.  Crosetto presented 
his claims very clearly and supported them with scientific arguments, calculations, simulation and 
hardware demonstrations.  As agreed by all the people present at the meeting, it was recorded on 
tape and it was also agreed in writing that Siemens would not provide to Crosetto any proprietary or 
confidential information. 
 
The president of Siemens Nuclear Medicine, the director of PET, and subsequently the head of the 
Siemens advanced research Dr. John Engdahl and their expert on electronics, Dr. Fred Macciocchi 
in a following conference call on November 25, 2002, at which I was also present, could not refute 
Crosetto's claims and his comparisons with Siemens technology, calculations and findings. 
 
Following are more excerpts from letters, emails and testimonials from other scientists during the 
past years: 
 
 
2. General Electric: 

• 1999: Dr. James Colsher and David McDaniel looked at Crosetto's novel approach of the 
electronics that he presented at the IEEE conference in Seattle (WA).  Their opinion 
(followed with additional phone conversation with McDaniel) was that Crosetto's novel 
approach was good for the future but their plan would not allow them to consider it in the 
short term. 

 
• 2000: Dr. Charles Stearns met Crosetto at the 3D-Computing booth at the IEEE industrial 

exhibition conference in Lyon (France).  Crosetto gave him and Dr. William Moses, from 
Lawrence Berkeley Laboratory, who was also present at the booth, a copy of his book [1].  
Stearns commented that the figure at page 150-151 in Crosetto's book, related to the GE 
patent, well described the GE implementation of the electronics in GE’s PET. 

 
• 2003: Email from GE executive scientist to a scientist in one of the largest international 

research laboratories states the following about Crosetto's work: “…Just to let you know, the 
GE team has very thoroughly reviewed the material published by Dr. Crosetto, not just now, 
but even earlier. The reviewers were technical folks who design PET systems, and PhD 
level scientists who have been working in PET imaging for over 15-20 years.”  He goes on 
to say that GE is not interested in pursuing Crosetto’s approach for the near term but “This 
by no means is a judgment on excellent contribution which Dr. Crosetto is making to the 
field.” 

 



 27

 
3. Dr. Dale Bailey was in the team who designed the whole body PET that became known as 
the CTI ECAT EXACT3D, the one with the longest FOV (25 cm) ever built.   
 

• 2000, November, Dr. Bailey comments on Crosetto's book were:  
"…I am pleased to see your proposal with its focus on improving solid angle for detection of 
photons, and thus the sensitivity.  There are two obstacles that must be tackled to significantly 
advance PET technology – increasing sensitivity and reducing motion artefacts. Higher 
resolution PET will not result if these two issues are not addressed. Motion can often be 
suppressed, but not eliminated, by using a shorter scanning duration, and therefore increasing 
sensitivity will go some way to solving this issue as well.  In short, I believe that improving 
sensitivity is the way to improve the value of PET. Improving sensitivity will impact on: 
resolution, motion, artifacts, patient throughput, data quality, detection ability."  He also makes 
the following statement regarding spatial resolution: "…I believe that the brain images from this 
camera have not been bettered to this day, even though newer cameras boast higher resolution. 
My view is that the higher resolution is not achieved in practice because the devices have 
sacrificed sensitivity."   

 
 
4. Dr. Stefano Buono, a physicist working between CERN (the European Laboratory for 
Particle Physics) and CRS4 (The Center for Advanced Studies, Research and Development in 
Sardinia) on Nobel Prize winner Carlo Rubbia’s project of the 'Energy Amplifier', an Accelerator 
Driven System (ADS) capable of eliminating nuclear waste and producing clean energy. Dr. 
Buono’s review of Crosetto's book [1] is also available at Amazon.com. 
 

• 2000, August. Dr. Buono writes the following comments after reviewing Crosetto's book 
[1]:   "…It is amazing how revolutionary inventions come from the capacity of putting 
together technological progress in different fields and a few simple but smart ideas. The 
final result looks "simple", "evident", but only "after". This is the case of Crosetto's 
invention which is in my view a real revolution: the possibility of transforming a PET 
scanner into a one year check-up tool is a real breakthrough in the battle again cancer and I 
wish it will be a reality as soon as possible. …. I really hope that this device could be 
developed as soon as possible regardless of the current economical practice in the industry 
of delaying the introduction of innovative tools to absorb investment costs. Our health is 
much more important!” 

 
 
5. Prof. Alberto Del Guerra, Director and Head of the Speciality School in Medical Physics -
University of Pisa, Italy, Chairman of the 1999 IEEE Nuclear Science Symposium and Medical 
Imaging, Seattle (WA). 
 

• 2000, September.  Dr. Del Guerra reviewed Crosetto's book [1] and wrote the following 
comments: "…In this book this new electronics architecture proposed is very interesting and 
can in fact solve some of the problems of limited DAQ rate in clinical PET systems.  In 
particular, I would fully encourage the implementation of Application as described in 
chapter 16…" 

 
 
6. Dr. Pier Giorgio Innocenti, former Division leader of Electronics and Computing in 
Physics (ECP) at CERN, Geneva, Switzerland. Dr. Innocenti has known Crosetto for the past 25 
years.  He was one of the CERN group leaders who invited and offered to Crosetto a position of 
"Scientific Associate" which he accepted from 1988-1990. 
 

• 2000, November, Dr. Innocenti writes the following about Crosetto's book [1]: 
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 "… I have spent most of my professional life in the design, construction and use of detectors of 
ionizing radiation, primarily in particle physics experiments, both in the US and in Europe. …. 
Before commenting on Crosetto's proposal I wish to stress one of the essential features of a 
particle physics experiment. Modern accelerators produce dense beams of particles which 
interact with matter, generating a high rate of events: as each event consists of many particles, 
one has to treat up to hundred billion particles per second.  In order to detect rare interesting 
events (one event in a thousand billions) one must be able to measure particles properties and to 
perform pattern recognition operations on groups of particles very quickly.  This requires fast 
and advanced electronics and algorithms.  Developments originating from particle physics can 
therefore be transferred advantageously to other fields, like medical imaging, to improve 
efficiency and quality, because they are capable of treating a vast amount of data in a short time.   
 
“Crosetto's proposal improves on previous PET techniques in three areas: 
 
i - It increases the input rate on each detector channel and stores subsequent events (pipelining) 
while the previous event is being processed: hence exposure time is reduced and no emerging 
photon pairs are discarded, thus reducing the radiation dose to the patient. 
 
ii - It correlates the signals from detectors within a large cluster: this provides a much more 
precise measurement of each photon, thus reducing event losses and improving efficiency. 
 
iii - It extracts the coincidence of the back-to-back photons with a far simpler algorithm: this 
permits the use of a large number of individual detectors to extend the field of view (FOV) over 
the patient. 
 
“In short, the proposed system will drastically reduce the radiation dose to the patient, shorten 
the scanning time and produce an image of improved resolution. 
 
“The design principles of the proposed 3D-FlowTM system are sound and rest on Crosetto's long 
experience in electronics design and digital signal processing. 
 
“My perception of the proposal is very positive and I hope that the ideas will materialize in an 
instrument which is badly needed." 
 

 
7. Prof. Stephen DeRenzo, Lawrence Berkeley Laboratory 
 
• 2000, December, Dr. DeRenzo reviewed Crosetto's book.  In his review, Dr. DeRenzo is mainly 

addressing the detector aspects of a PET device.  Dr. DeRenzo agrees with Crosetto on the 
limited capability of current PET to capture only one pair of photons out of 10,000 emitted by 
the patient’s body.  He stated: "… The main loss of events at high event rates is due to deadtime 
in the detector, not the electronics. That is why we are working on new scintillators with good 
stopping power, high light output, and sub-ns decay time. We do not view the electronics as a 
problem, either in terms of performance or cost."  Dr. DeRenzo’s expertise in detector crystals 
is well known but he has apparently overlooked the contribution that Crosetto's innovative 
electronics approach can make.  A different assembly of the detector, combined with Crosetto’s 
electronics, can extract more accurate information from the interaction of the photon with the 
crystal; in particular it allows a better utilization of economical crystals.  Current PET efficiency 
has already improved thanks to the improvement of the electronics and it will further improve 
when the best match between electronics and a different assembly of the detector is pursued. 
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8. Dr. Habib Zaidi is a senior physicist and head of PET physics and instrumentation group at 
Geneva University Hospital, Switzerland. Dr. Zaidi’s review of Crosetto's book is also available at 
Amazon.com. 
 
• 2001, January. Dr. Zaidi writes the following as a review of Crosetto's book [1]:  

"This book presents a proposal for a novel scanner design based on knowledge gained from the 
author's experience in the field of high energy physics that should allow faster data acquisition 
with less cost to health care organisations and radiation dose to the patient for cancer screening 
purposes. The use of the 3D-FlowTM electronics system which proved to be very useful in other 
areas and constitutes one of the major contributions of the author might be a sensitive solution 
for hardware design of medical imaging systems.  The book is generally well written, unique ... 
amply illustrated with relevant and helpful diagrams as well as extensive bibliographies ... 
should be on the bookshelves of both researchers and students of nuclear medical imaging."  

 
 
9. Dr. Catharinus Verkerk was appointed in 1980 by Nobel Prize winner Abdus Salam to be 
director of the Colleges on Microprocessors.  Dr. Verkerk is still carrying on those Colleges and is a 
former, retired group leader of the Data Handling Division at CERN, Geneva, Switzerland.  He has 
known Crosetto for the past 24 years and has included him in his team of lecturers and instructors at 
the College on Microprocessors.  He invited Crosetto to give a lecture at the1990 CERN School of 
Computing in Ysermonde, Belgium. 
 
• 2001, October, Dr. Verkerk writes in a letter commenting Crosetto's work:  

"… Your experience in instrumentation for these experiments, combined with your 
inventiveness, led you to a solution which can be called revolutionary.  Your ideas as described 
in your paper looked perfectly sane, but as a retired physicist who also spent several years in 
instrumentation, I would like to be able to touch things with my hands. Therefore I was happy 
to see a few hardware boards under test. That you now can test to a reasonable extent your 
algorithms for reconstructing the point where the photons was emitted is an enormous step in 
the right direction." 

 
 
10. Dr. Joseph Dent is Assistant Professor, Department of Biology, McGill University 
(Canada). He runs a lab of 6 full-time grad-students and research assistants.  
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• Dr. Dent writes the following comments on Crosetto's innovation and book [1]: 

"…Are claims of a quantum leap in efficiency sound? It is clear that much of the information 
available from PET measurements is lost using current detection technology and it is easy to see 
why this is the case. Thousands of photon pairs flying in opposite directions must be caught, 
measured and computationally reunited, all in real time, to generate the PET image. The current 
system simplifies this difficult task by only considering the photons that make what amount to 
direct hits on the detector crystal. But those photons that are not direct hits also carry useful 
information that is normally lost. The conundrum is that extracting the information from these 
other photons is computationally demanding and attempts to do so using traditional sequential 
information processing methods would slow the whole process so much that it would result in 
the loss of the very information one seeks to acquire. 
 
“3D-CBS is an ingenious solution to this conundrum. The 3D-FlowTM architecture of the 3D-
CBS combines pipelining and parallel processing methods to extract essentially all of the 
information in real time. The ability of parallel processing methods to speed information 
processing has a proven track record in areas such as weather prediction and molecular 
modeling. The efficiency of its architecture allows the 3D-CBS to capture this information even 
at low processor speeds using relatively inexpensive components. The combination of parallel 
processing and pipelining technologies is an advance that has the potential to impact many 
commercial applications. Indeed, the 3D-CBS system is similar in many ways to the most 
powerful parallel-processing machine in existence, the human brain. 
 
“Although one cannot predict the course of a technology this revolutionary, the outlines of what 
3D-CBS makes possible have been nicely sketched by Dr. Crosetto. Primarily, the ability to 
economically screen people for cancer early and often will help reduce cancer mortality. The 
efficacy of early screening has been demonstrated conclusively by the screens that are currently 
in use: Pap smears, mammograms and prostate exams. The problem is that these simple cheap 
tests are the exception; most tests are too expensive, too invasive and/or too specific for rare 
cancers to justify their use in mass-screening programs. However, the reduced cost and 
radiation dose of PET using the 3D-CBS technology changes this equation. 3D-CBS PET has 
the potential catch many types of cancer with a single cost-effective, non-invasive exam. 
 
“It is clear that the sort of combined pipelining and parallel-processing architecture that 3D-
CBS represents will become the standard for medical PET imaging.  It is only a question of 
when." 

 
 
11. Dr. Joel Karp, Department of Radiology, University of Pennsylvania Medical Center. 
• 2002, August, Dr. Karp in one email to Crosetto writes:  

"Thank you very much for sending me your book, which I received on Friday.  I did briefly look 
through it to get a better appreciation about your proposals for improved PET…." Then he 
expresses some difficulties that he and his group encountered on the approach of extending the 
FOV of a PET, that at first was stated in one of his articles as believed to be advantageous as 
stated in Section IV, of [14], page 1580 “We believe that we can extend this design even further 
in the axial dimension.  An advantage of the PENN-PET system, with continuous detectors, is 
that the increase in performance as a function of axial FOV is greater than the corresponding 
increase in cost and complexity.”  Crosetto followed up with a specific argument that provides a 
solution to their difficulties. 
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