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A"#tract-- We evaluate the Scanwell Time Alignment Probe 

for performing the timing calibration for the LBNL Prostate-

Specific PET Camera. We calibrate the time delay correction 

factors for each detector module in the camera using two 

methods—using the Time Alignment Probe (which measures the 

time difference between the probe and each detector module) 

and using the conventional method (which measures the timing 

difference between all module–module combinations in the 

camera). These correction factors, which are quantized in 2 ns 

steps, are compared on a module-by-module basis. The values 

are in excellent agreement—of the 80 correction factors, 62 

agree exactly, 17 differ by 1 step, and 1 differs by 2 steps. We 

also measure on-time and off-time counting rates when the two 

sets of calibration factors are loaded into the camera and find 

that they agree within statistical error. We conclude that the 

performance using the Time Alignment Probe and conventional 

methods are equivalent.  

Inde, .er/#—calibration, positron emission tomography 

(PET), timing. 
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A. Time Alignment Probe 
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tube. T)e *ositron ranges out in t)e *lastic scintillator, 

generating a signal in t)e PMT. T)e *ositron anni)ilates to 

7orm a *air o7 9:: ;e< gamma ra=s, eit)er one o7 w)ic) can 

t)en e?cite a detector module in t)e PET camera. Note t)at 

t)e coincidences used 7or calibration are between t)e emitted 

*ositron and one o7 t)e anni)ilation *)otons, as o**osed to 

t)e *air o7 anni)ilation *)otons. 

Be7ore t)e Time Alignment Probe is used, we measure its 

*er7ormance as a 7unction o7 *)otomulti*lier tube bias 

Eoltage. Fe measure t)e intrinsic timing resolution b= 

*utting t)e Probe in coincidence wit) a : cm cube o7 BaF" 

scintillator cou*led to a Hamamatsu H9I": *)otomulti*lier 

tube. T)e Time Alignment Probe and t)e scintillator J PMT 

combination are read out wit) se*arate c)annels o7 a 

Kanberra L9L constant 7raction discriminator MKFNO, and t)e 

time di77erence between t)e two signals measured wit) an 

Prtec 99Q time to digital conEerter MTAKO digitiRed b= a :Q-

bit analog to digital conEerter MANKO. T)e measured 

coincidence timing resolution, w)ic) is s)own in Figure :, 

)as a timing resolution o7 LTT *s 7w)m at t)e nominal 

o*erating Eoltage o7 :"9T <. As t)e BaF" scintillator J PMT 

combination )as a timing accurac= o7 :9T *s 7w)m, t)e 

resolution o7 t)e Time Alignment Probe is IUT *s 7w)m. T)is 

is consistent wit) t)e I"T *s 7w)m time resolution listed in 

t)e manu7acturerVs catalog 7or a WuartR-windowed Eersion o7 

t)is *)otomulti*lier tube cou*led to BaF" scintillator XIY. 

F)ile t)e timing resolution o7 t)e Probe could *robabl= be 

im*roEed using a )ig)er *er7ormance *)otomulti*lier tube, it 

is more t)an adeWuate 7or all e?isting PET cameras. Figure : 

also s)ows t)e coincident counting rate 7or t)is coincidence 

timing resolution measurement as a 7unction o7 bias Eoltage. 

It s)ows t)at t)e counting rate 7or t)e *robe is insensitiEe to 

bias Eoltage as long as t)e bias Eoltage is aboEe : ;<. 

6< =.*1'/'(7">(2&?&2 =,- @/%(./ 

Pne 7actor t)at ma;es t)e Time Alignment Probe aw;ward 

to use is t)at most PET cameras do not )aEe an= s*are analog 

in*ut c)annels. T)ere7ore, it is Eirtuall= im*ossible to *ut t)e 

Time Alignment Probe into coincidence wit) an= o7 t)e 

detector modules in t)e PET camera wit)out remoEing one o7 

t)e detector modules and *lugging t)e Probe into its 

electronics. T)e LBNL Prostate-S*eci7ic PET Kamera XL-QY, 

)oweEer, )as :T unused electronics c)annels distributed 

around t)e tomogra*) ring. In addition, t)is camera does not 

)aEe an orbiting *ositron source 7or attenuation correction, 

and so conEentional met)ods 7or time calibration are more 

di77icult. Fe t)ere7ore inEestigate calibrating t)is camera 

using t)e Scanwell Time Alignment Probe. 

T)e detector modules in t)is PET camera are identical to 

t)ose used in t)e KTI H]^ PET camera XU, _Y. T)e= are bloc; 

detector modules, wit) an _?_ arra= o7 IT mm dee* B`P 

cr=stals t)at coEer a 9T mm ? 9T mm area. T)e electronics 

are a modi7ied Eersion o7 t)e electronics used 7or t)e KTI 

H]]T camera Xa-:IY, wit) t)e main di77erence being t)at t)e 

ASIK used 7or *rocessing t)e detector module signal is 

designed 7or B`P-based bloc; detectors X:LY rat)er t)an 

LSP-based bloc; detectors X:9-:UY. For t)is wor;, t)e 

*ertinent 7eatures o7 t)ese electronics are t)at t)e arriEal time 

o7 eac) anni)ilation *)oton is WuantiRed in " ns ste*s and t)at 

t)e electronics su**orts an additiEe time dela= correction 

7actor 7or eac) cr=stal t)at is also WuantiRed in " ns ste*s. 

HoweEer, we )aEe determined t)at t)e cr=stal-to-cr=stal time 

dela= Eariations wit)in a module are small, and so all t)e 

dela= correction 7actors wit)in a module are set to t)e same 

Ealue, e77ectiEel= =ielding module-de*endent dela= 

correction 7actors. 

F)en o*erated at :"9T <, t)e am*litude o7 t)e analog 

signal out o7 t)e Time Alignment Probe is well-matc)ed to 

t)e analog electronics in t)e Prostate Kamera. T)e cameraVs 

analog in*ut c)annels are designed 7or a bloc; detector 

module and so )aEe in*uts 7or 7our PMTs, but t)e Time 

Alignment Probe is *lugged into t)e in*ut 7or one o7 t)e 

PMTs. T)e c)annel must be calibrated Mam*li7ier gain and 

discriminator t)res)oldO, but t)e a**ro*riate settings are 

Eirtuall= identical to t)ose used 7or t)e bloc; detector. 

Similarl=, t)e energ= t)res)old *arameter must be set, but 

t)is too is triEiall= obtained and similar to t)at used wit) 

B`P bloc; detectors. 

III. MEASb]EMENTS  

A< =.(7@/4&$./'&*0 =(.?*.%/02( 

Be7ore calibrating t)e Prostate Kamera, we set all t)e dela= 

correction 7actors to Rero, *lace a "T cm diameter *ositron-

emitting *)antom in t)e 7ield o7 Eiew o7 t)e camera, and 

acWuire coincident data in a s*ecial calibration mode w)ere 

we record t)e di77erence in arriEal time o7 t)e two detections 

7orming t)e coincidence. T)e arriEal time 7or eac) eEent is 

digitiRed wit) a " ns least count. From t)ese data we generate 

t)e time di77erence distribution 7or eac) module-module *air 

and 7it it wit) a `aussian 7unction 7rom w)ic) we e?tract t)e 

mean M&<(<B t)e aEerage timing di77erence 7or eac) module-

module *airO and t)e standard deEiation M&<(<B t)e timing 

resolution 7or t)is module-module *airO. Fe )istogram t)is 

mean timing di77erence 7or eac) module-module *air in 

Figure ". T)e broad distribution, wit) mean di77erences as 
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Figure "c Nistribution o7 Time Ni77erences. T)is 7igure s)ows t)e 

distribution o7 time di77erences between eac) Ealid module-module *air in 

t)e camera. Nata is s)own bot) *re-correction Mall timing dela=s set to ReroO 

and *ost-correction Mdela=s set to t)e Ealues determined b= t)e timing 

calibration algorit)mO. T)e narrow *ost-correction distribution indicates t)at 

t)e timing calibration is e77ectiEe. 
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B. Conventional Time-Delay Calibration Method 
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C. Time Calibration Probe Method 
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D. Comparison of Delay Calibration Factors 
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(/'B @4% ) *(A+ $*- P -,>>'%( 23 ) (/'B( @4% N *(A5 H0,( ,*-,.$/'( 

/0$/ /0' 8.$*C'## B%42' $*- /0' .4*<'*/,4*$# 1'/04- 3,'#- 

<,%/7$##3 ,-'*/,.$# .$#,2%$/,4* <$#7'(5 H0' -,>>'%'*.'( $%' 

.4*(,(/'*/ C,/0 J7$*/,E$/,4* '%%4% $*- C47#- $BB'$% /4 2' 
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7BB'% $%. $%' $-K7(/'-5 2A H0' .'*/%$# 14-7#'( ,* /0' 7BB'% $%. $%' 7('- $( 

/0' %'>'%'*.'+ $*- -'#$3( >4% /0' 14-7#'( ,* /0' #4C'% $%. $%' $-K7(/'-5 .A 

H0' 14-7#'( ,* /0' #4C'% $%. $%' 7('- $( /0' %'>'%'*.'+ $*- -'#$3( >4% /0' 

14-7#'( ,* /0' 7BB'% $%. $%' $-K7(/'-5 

a) b) c)

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics
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%'>'%'*.'+ $*- -'#$3( >4% /0' 14-7#'( ,* /0' 7BB'% $%. $%' $-K7(/'-5 2A H0' 

H,1,*& M%42' ,( 7('- $( /0' %'>'%'*.'+ $*- -'#$3( >4% /0' 14-7#'( ,* /0' 

#4C'% $%. $%' $-K7(/'-5 .A H0' %'#$/,<' (0,>/ 2'/C''* /0' 7BB'% $%. $*- #4C'% 

,( %'14<'- 7(,*& .4,*.,-'*.'( 2'/C''* /0' /C4 $%.(5  
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our p'antom does not co0er t'e entire field of 0ie45 4e must 

eit'er ta6e se0eral data ac7uisitions or manuall8 mo0e a 

source t'rou9'out t'e field of 0ie4. In addition5 t'e 

calibration al9orit'm is complicated b8 t'e fact t'at t'e dela8 

0alues are coupled =as described in Section III.B.@. Ao4e0er5 

t'ese problems are easil8 surmounted. 

T'e main dra4bac6 of t'e Scan4ell Probe is t'at t'e 

electronics for 0irtuall8 all eDistin9 PET cameras are 

confi9ured suc' t'at none of t'e electronics c'annels is in 

coincidence 4it' /44 of t'e ot'er c'annels. T'us5 t'ere is no 

sin9le c'annel t'at 4e can plu9 t'e calibrator into and 

calibrate t'e entire camera5 and so 4e must ta6e t4o data sets 

=4it' t'e Time Fli9nment Probe plu99ed in to t4o separate 

c'annels@ and t'en reconcile t'em. In addition5 t'e source 

stren9t' for t'e Probe is limited b8 dead time considerations 

and so ma8 not pro0ide as 'i9' a count rate =and t'us a 

lon9er data ac7uisition time@ as t'e con0entional met'od. 

Flt'ou9' t'ese features cause some practical problems 4it' 

eDistin9 cameras5 neit'er is a fundamental issue. T'ese 

problems could be easil8 sol0ed b8 addin9 a dedicated 

electronics c'annel t'at 'as si9nificantl8 less dead time t'an 

t'e electronics in t'e prostate camera =4'ic' 'as a dead time 

appropriate for BGH5 not plastic scintillator@ and is in 

coincidence 4it' all of t'e detector modules in t'e camera.  

Flt'ou9' t'ese data 4ere ac7uired from a sin9le PET 

camera5 4e belie0e t'at t'e measurements and conclusions 

s'ould be 0alid for most commercial5 BGH-based PET 

cameras5 as t'e desi9n and performance =detector modules5 

alectronics5 time di9itiJation accurac85 and timin9 resolution@ 

of t'ese cameras are 0er8 similar. K'ole-bod8 PET cameras 

t'at 'a0e better timin9 performance5 suc' as LSH-based 

s8stems M95 1P5 1Q5 1RS5 'a0e finer time di9itiJation accurac8 

and better timin9 resolution and so t'ere is no 9uarantee t'at 

t'ese results 4ill be 0alid for t'ose s8stems. Ao4e0er5 t'e 

intrinsic timin9 accurac8 of t'e Probe is 'i9' =R7P ps f4'm@ 

and can be impro0ed 4it' a 'i9'er performance 

p'otomultiplier tube5 and so 4e eDpect t'at t'ese results 4ill 

be 0alid for LSH-based PET cameras. 

U. CHNCLXSIHNS 

Ke 'a0e used t'e Scan4ell Time Fli9nment Probe to 

calibrate t'e time dela8 0alues for t'e BGH-based LBNL 

prostate-specific PET camera. Ke find t'at t'e Probe is eas8 

to use5 performs as eDpected5 and pro0ides calibration factors 

t'at are effecti0el8 identical to t'ose obtained 4it' t'e 

con0entional met'od. K'ile t'e con0entional and Probe 

calibration met'ods 'a0e some relati0e ad0anta9es and 

disad0anta9es5 none are eit'er lar9e or fundamental. T'us5 

t'e c'oice of 4'ic' met'od and 'ard4are to use is lar9el8 a 

matter of personal preference. 

UI. FCYNHKLEZG[ENT 

Ke t'an6 Zr. G.C. Kan9 of GE Global \esearc' and Zrs. 

].S. Auber and K.-S. C'oon9 of LBNL for t'eir 'elp in 

de0elopin9 t'e prostate camera. T'is 4or6 4as supported in 

part b8 t'e Zirector5 Hffice of Science5 Hffice of Biolo9ical 

and En0ironmental \esearc'5 [edical Science Zi0ision of 

t'e X.S. Zepartment of Ener98 under Contract No. ZE-

FCPR-7^S_PPP9`5 and in part b8 t'e National Institutes of 

Aealt'5 National Institute of Biomedical Ima9in9 and 

Bioen9ineerin9 under 9rant No. \RR-EBPP19Q`. \eference to 

a compan8 or product name does not impl8 appro0al or 

recommendation b8 t'e Xni0ersit8 of California or t'e X.S. 

Zepartment of Ener98 to t'e eDclusion of ot'ers t'at ma8 be 

suitable. 

UII. \E_E\ENCES 

M1S 'ttpabb444.scan4ell.cab 

MQS C. ]. T'ompson5 [.-L. Camborde5 and [. E. Case85 cF central positron 

source to perform t'e timin9 ali9nment of detectors in a PET scanner5d 

+,,,!-./01<!3#24<!"2&<5 0ol. NS-5Q5 =accepted for publication@5 Hct. 

QPPe. 

MRS cZata S'eet for t'e \Qe9^ P'otomultiplier Tube5d Aamamatsu P'otonics 

Zata S'eet No. TP[A1QQ9EP15 pp. 1fQ5 Sept. 199`. 

MeS ]. S. Auber5 S. E. ZerenJo5 ]. gi5 K. K. [oses5 \. A. Auesman5 et al.5 

cConceptual desi9n of a compact positron tomo9rap' for prostate 

ima9in95d +,,,!-./01<!3#24<!"2&<5 0ol. NS-e`5 pp. 15P^-15115 Fu9. 

QPP1. 

M5S ]. gi5 ]. S. Auber5 \. A. Auesman5 K. K. [oses5 S. E. ZerenJo5 et al.5 

cSepta desi9n for a prostate specific PET camera5d +,,,!-./01<!3#24<!

"2&<5 0ol. NS-5Q5 pp. 1P7f11R5 _eb. QPP5. 

M^S ]. S. Auber5 K. S. C'oon95 K. K. [oses5 ]. gi5 ]. Au5 et al.5 

cC'aracteriJation of a PET camera optimiJed for prostate ima9in95d 

+,,,!-./01<!3#24<!"2&<5 0ol. NS-5R5 =submitted for publication@5 QPP^. 

M7S L.-E. Fdam5 ]. haers5 A. Hsterta95 A. Troian5 [. E. Bellemann5 et al.5 

cPerformance e0aluation of t'e 4'ole-bod8 PET scanner ECFT 

EjFCT A\k follo4in9 t'e IEC standard5d +,,,!-./01<!3#24<!"2&<5 0ol. 

NS-ee5 pp. 117Qf11795 ]une 1997. 

M`S T. Aase9a4a5 l. Kada5 A. [ura8ama and T. Na6aiima5 cBasic 

performance of t'e PET scanner5 EjFCT A\k5 4it' adiustable data-

ac7uisition parameters5d +,,,!-./01<!3#24<!"2&<5 0ol. NS-e^5 pp. ^5Qf

^5`5 ]une 1999. 

M9S K. _. ]ones5 ]. A. \eed5 ]. L. E0erman5 ]. K. loun9 and \. Z. Seese5 

cNeDt 9eneration PET data ac7uisition arc'itectures5d +,,,!-./01<!

3#24<!"2&<5 0ol. NS-ee5 pp. 1QPQf1QP75 ]une 1997. 

M1PS ]. K. loun95 ]. C. [o8ers5 and [. LenoD5 c_PGF based front end 

electronics for a 'i9' resolution PET scanner5d +,,,!-./01<!3#24<!"2&<5 

0ol. NS-e75 pp. 1^7^f1^`P5 Fu9. QPPP. 

M11S K. K. [oses5 ]. K. loun95 Y. Ba6er5 K. ]ones5 [. LenoD5 et al.5 cT'e 

electronics s8stem for t'e LBNL positron emission mammo9rap'8 

=PE[@ camera5d +,,,!-./01<!3#24<!"2&<5 0ol. NS-e`5 pp. ^RQf^R^5 ]une 

QPP1. 

M1QS [. Sc'mand5 L. Eri6sson5 [. E. Case85 [. S. Fndreaco5 C. [elc'er5 et 

al.5 cPerformance results of a ne4 ZHI detector bloc6 for a Ai9' 

\esolution PET-LSH \esearc' Tomo9rap' A\\T5d +,,,!-./01<!3#24<!

"2&<5 0ol. NS-e55 pp. RPPP-RPP^5 Zec. 199`. 

M1RS Y. Kien'ard5 [. Sc'mand5 [. E. Case85 Y. Ba6er5 ]. Bao5 et al.5 cT'e 

ECFT A\\Ta performance and first clinical application of t'e ne4 

'i9' resolution researc' tomo9rap'5d +,,,!-./01<!3#24<!"2&<5 0ol. NS-

e95 pp. 1Pef11P5 _eb. QPPQ. 

M1eS Z. [. Bin6le85 cPerformance of non-dela8-line constant-fraction 

discriminator timin9 circuits5d +,,,!-./01<!3#24<!"2&<5 0ol. e15 pp. 

11^9-11755 Fu9. 199e. 

M15S Z. [. Bin6le85 B. S. Puc6ett5 B. Y. S4ann5 ]. F. \oc'elle5 [. S. 

[usroc65 et al.5 cF 1P-mcbs5 P.5-!m C[HS constant-fraction 

discriminator 'a0in9 built-in pulse tail cancellation5d +,,,!-./01<!3#24<!

"2&<5 0ol. NS-e95 pp. 11RPf11eP5 ]une QPPQ. 

M1^S B. Y. S4ann5 ]. [. \oc'elle5 Z. [. Bin6le85 B. S. Puc6ett5 B. ]. 

Blaloc65 et al.5 cF custom miDed-si9nal C[HS inte9rated circuit for 

'i9' performance PET tomo9rap' front-end applications5d +,,,!-./01<!

3#24<!"2&<5 0ol. NS-5P5 pp. 9P9f91e5 Fu9. QPPR. 

M17S [. S. [usroc65 ]. K. loun95 ]. C. [o8ers5 ]. E. Breedin95 [. E. 

Case85 et al.5 cPerformance c'aracteristics of a ne4 9eneration of 

processin9 circuits for PET applications5d +,,,!-./01<!3#24<!"2&<5 0ol. 

NS-5P5 pp. 97ef97`5 Fu9. QPPR. 



 

Submitted to IEEE Transactions on Nuclear Science  LBNL-59117 

6

[18] C. J. Thompson and A. L. Goertzen, “A method for determination of 

the timing stability of PET scanners,” IEEE Trans. Med. Img., vol. 24, 

pp. 1053–1057, Aug. 2005. 

 


