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The Automatical Process Map Generation Using Network
Representation In Radiopharmaceutical Synthesis
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The radiopharmaceutical synthesis for PET (positron emission tomography) is composed of chemical
reactions using automated synthetical equipment. Due to the radioactive material, the automated
equipment is being frequently developed to replace human operators who conduct dangerous, repetitive
and dexterous operations. As to operation, the manipulating program is commonly coded using the spread
sheet while the whole actuators are mapped in every step. The process map (program) is changed according
to such parameters as temperature of reactor, keeping time, mixture sequence and amount of reagent.

In cases of customizing the automated synthetical equipment or developing the new radiopharmaceuticals,
lots of experiments should be conducted and the programming mistake is not allowed as it can lead
abnormal control of the equipment to leak the radioactive materials. The exact process map has depended on
trial and error manner. Thus, this study developed the methodology to tabulate the synthetical process to
convert the process map automatically while the synthetical module formation is represented by a network
model. The proposed method is validated using the actual radiopharmaceutical synthetical procedure.

Keyword: radiopharmaceutical synthesis, network, automated synthetical equipment, process map

LA &

T

29 AUBOR ABAS TS PIATE AATEE YA ol AY Tl 0F ned P92 das
Eleyclorron)o 4 A A 5029 hER Aok 348t 3o, AR A|oke] 171 Q3te] 152 S 8T Geh TE} Y
A 95 Sate] AL 2412 W8] W12 Qo] A Avgqm T WS AEOT AT AT T4 S A
PHEA A op), vl o P PET AT A R A A §5jolok S wh AR AEAY o)) A58 o] AL

o EEL 010E LEHTHT 250 AUOR Feko) 271714 BEAI S §HIAAFAA S AUL o} 98 ATACHA WE
: 2010K001051).

todag A FLeY wF, 121742 AL wES AeF 13WA AR dEtn AR g rled Y,
Tel : 02-705-7875, E-mail : heypi@sogang.ac.kr
E79020104d 119 259), AALA : 2011 01€ 17Y), AASALo11d 02¢ 28Y).



SECERA TS

%’40 e Pﬂlqﬁ(custormzmg%g 9|3t seilE
, O & 9J8te] RHE-2]Q1 A o] 2 ot
<a¥ 1>°ﬂ/\1 B npe} o] 34 BE 74 2 el
A glE A AP 3HAZ AR &8 BES 76
A WFE AAlete] 4 ZEAAE ATt o2 &
A ZEA| A gHY 0 AES H*Zl’éhl 3}8H4] whgof 5
As7] 9jste] AlEe o)A —% T3 HASE gtk ol A%
é%ﬂ% °ﬂ Rl = 1‘3}17:‘ £ A48t dk A
A A AL Z2A 2 Z‘*éﬂr AlEdold AEel B2 A7
o] AFPEﬂ o]= 48 ZHoperaton) 7} A A gl of) w2 A A
5 AR, k-5 s Al Alojo] g Z2AAE
ZpAdel|of 317 WiiTo|tk gk A H Z2AAE T Al
glolEE ot AlAHA o2 HEs ok ok v, LRV e =
2A|2~E A8 flote] B2 A7 =8-S B8 2 g
o]t WALl oFE At AR AT EA = Y 22
Al2o] FA- 4 BE T dig A7 FRE A
(Lee et al., 2007; Lee et al., 2009; Oh et al., 2001; Yun et a/., 2003). 5=
o, HAFsEA R Q18] WrEA] 2bE 94 A ARS-3jjof s
B}, Oh ¢ 2.(2001)} Oh e 1l (2009)= 712 <] [*FIFDG 348 &
Hlo]| 13]-& 7HHE E E(disposable cassette module)S AF-&-3}]
["FIFLTS} [ "FIFMISOE T 4= IE 2E AL AAEA
ot e ATEE 9 B2 A7t 95 S
A THH A 0™ (Oher al., 2001), T AT B o B4 9] S
o2 QI3te] F8HH o] Zof HL-o] o] A oItk
a8y H 3 2dl o] o5k A go] Eistel A i
9101, Kim(2004)Z} Kim et 2/(2008)2 B9 Au] 2 9] 23H4
S Agate] B A9 Awd 2 AAgE 93 =Y
S A BFH AL, Min e a(2007) F1 8 H| OB & o] 83} HF
Hgel Q3 AR A 2EE St ofge oF
2] J) k) B8t Sung e #2010y L EB/H 9] 8 779
FHIFAH 2 S-S A& AFE St Y539 F
34 i Ae2 Al ~Ee a8 2 HH3E HET 5
© Hh, & Ao X PETE WA 9| ok ol 4] Hiiks
A7 A okS MEH Y] AAZE A4S, ¢4 ZE 74
HEYAZ 58T F e HHS AAST ALeE2

S& o md ;3

L

24 uohole A7
depend on operator

:b,
_%f e Wg
Lo v s Qi anes v 2w
B L G5
CHD () | [=am
ESl inl | ==
E=D) Com) | e
] [Cher [ e |
T )

F9 YA FF

SdEgARE UHE
long term

B4 Z2AE Y AT A2 157

Aok ol5-& HUARR o537 9% B2 AL Dijksra
312} Z(Ravindra, 1993)0] ]38} T-3k31 A7) U153} L 4
8 499 £24L Fol7] A3kl YA ZRA2E AFOR
AT 5 e P AAB F, T 28 Y UES)
2 RUYS Sl 5elH0 2 957} Rl TRAAE A

B % Qe A2EL ARl dhatel et

2 AL SFE Y Al P ZA) 2

PETS W19 01 & Al oHeeageno 57 ¥ 2 o] <19
2014 1 vho} o] A3 T4 o4 Aee) 3t
X W8-g ) AT PETE AL SIoHE A E T4 4
o el FEE g9 5 9 A0S AT Azolole],
AN, A 9 5442 TARL, AF 4 BIE 2
13]-§ 714 E(disposable cassette) B} M| 2]& B3l HFH 2
A k87|12 A A}-E-5}=(non-disposable cassette type) WA © Z -
24 R0k 2 AN 134 FHIE B8 ol 83 Al
RejerE gol tlatel e,

43 Azolol8 Ao\Z AeHAE T4 BA et
S0 e T2AZ0} FRE0, AYE TeAZE D
22293 o) B3-S Aolsh] 98 T2 1go 2
o ot 2t el olo]el2]) TAH S B8 A B ulh
sl Aol T2 AN, 5 AIHEE, A2,
WS Aok B)e) watel e 1 o] 2eha. vl
SAPS R T4 2 A AL o RARIS] S 9 A
2 AgAez 3 AR 395 AR
W Aol o)231 3 3l

AR F E2 A <28 3504 nE ket o]
2 7] S A 450 S5haE-2 91 shebvle] 4%,
FHIE w2 A1) Alo], 219} ol0] mE W Alo] S
o zgtoz PAH o3 i TES AP A ZRAL
2 5 7150l B Al gho] 22510, 2] TEOFE WA
7] $12 A Bel ol 4 Ao] BHolch. mebd <18 1>l
B upe} o] Alok 7jdolu} 7)ol 7§ TREA 29
HAZE el hi- o] AlTHe AFA sk @A o] T

A5 SH IS SEH AN
about an hour

17 1. Schedule of radiopharmaceutical synthesis
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(a) disposable cassette type

(b) non-disposable cassette type

17 2. Synthesis type according to the cassette
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3 1. Shortest path by Dijkstra algorithm
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19 6. Network Expression of radiopharmaceutical
synthesis module
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3 4. Detail processes for elution and drying of { F}
step A4 wlolH step EERELE
From 4 From 1
SR> R=] Via - oA R Via 36
To 11 To 7
STEP 1 : 3
WA 23 ol 5 Vacuum STEP 6 : o] Z A 2N
o =
S e olEF Sme R W7t °o|FF
] S o el = N
e = : e = 0%
jg]—;q /\] 7} - 19’—7(] /\] 7} 3sec.
delay time 3sec delay time 3sec
From 11 From 9
SR> R=] Via - oA R Via -
STEP 2 - To 35 STEP 7 : To 8
AL :,%l o] 5HH compressed air oL Eo| EY o] 51 syringe 1
S & o] =&k - AlEA 12 o] = Sml
5 B ul CHG) m
QMAE 0:]34' —‘9_—5:_ _ o]E —‘Q_—E -
T R, 5 T
FrA A - TAA -
delay time 30sec delay time 3sec
From 6 From 8
ol=AH Via - oA R Via -
To 11 STEP § - To 36
STEP 3 : o] ZvH Vacuum A2 10“'}\_1 o] ZHHH syringe 1
£E8Y oF o] 5 F 10m¢ o . ol 5 Y 5mi
= - WS 22 o]4 = _
714 s Dt 7 7k L
]'E/Lg"l 1")]’7(]}‘]7]' B ]'g/bg"l 197_7(1/47]_ _
delay time 3sec delay time 3sec
From 11 From -
SR> R=] Via - oA R Via -
To 6 To -
STEP 4 : .3
WAy 24 SR compressed Air STEP 9 : o] =1 -
o =
Hom olx olEF 10m¢ HEE e °|FF -
Slaci=a T X - e 100°C
ez s
S A 7H B FA AT 120sec.
delay time 30sec. delay time 3sec
From - From -
SR> R Via - o]l =A R Via -
To - To -
STEP 5 : SR - STEP 10 : o] =1+ -
FEAA ol 5% - us-2 WYzt ol 5 F -
s 100C 2= 30C
7+ ez Rt 7ha/d 7 ST
FAAZE 180sec. SAAZF 3
delay time 3sec delay time 3sec
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e | |= | | [
PN P I D il e
cHHHEEE
= o e e e e
= | |e |z = === 12 |2 2222|888
: , 212 2|3|2 $12035(3| EEEEGEE
= = 2 glglg|g|2 - HHHBHHHE
= = b= O I i i = e = = - - - - -
E |io = = — |~ | ™ = = = = = = | = o|lo|o|o|E|(w|®
=l 4 2le|s|5 (8|8 |88 |2 - HHEHEHEEEE
5 (8 s E |5 |E|E|E|8|8|e|&|2 o A EEHEEHEHEE
2| & |= & S |2 |gla|la|8|[8|8 |8 |8 81818 |8 |8 [2|d|]|d|d|d]d]|d
2 SEC °C | sec. | mm | mm | mm |Pos.|Pos.| Pos.| Pos.|Pos. Pos.|Pos.|Pos.| Pos.[Pos.| bit | bit | bit | bit | bit ] bit | bit | bit
5 | 0 |Initialization 9] 4] 9] 9] 9] 9] 2|22 |2 |2 2|22 |2 |2 ]|0]|0jojojojo]o]O
6 [ 1 [1sFol= 20 0 0 [0 |o[o|2]2[2]2]=2 2 |2 |22 ]2 ]1]ojo]i]o]1]o]o
7 [2 |ama ot 30 0 0 |0 |o|o]a]z]z2]2]x 2 |2 |22 |2 |ofojolo[1]ofo]o
8 | 3 |Elution to Reservoi 20 1] 0 0O|lo |0 |2 ]|2]|]2]|2]|2 2122 |2 |2]1]0foj1]o]j0]1]0O
9 | 4 |Reactor= o|= 30 0 0 |0 |o|o|z(z]|z]|z2]|=2 2 |2 |22 |2 olofolo[i]o]o]o
10 | 5 |Reactor heating 3 100 | 180 | O 0 0 |l2|2]2 ]2 |2 2|22 |2 |2 |0]|0joj0o|j0|0]|o]O
11| 6 |[Reactor cooling 3 30 3 0 0 0 |l2|2]2 ]2 |2 2|22 |2 |2 ]|0o]1]Joj0oj0|0]|o]|O
12 | 7 |CH3CN to syringe 3 0 0 5 0 0 |l2]13]1 2|2 2|22 |2 |2 |0o|0j0oj0J0O]|0]|O]|O
12 | 8 |syringe 1 to reserv 3 4] 4] 4] 4] 4] 2132 |2 |2 2|22 |2 |2 |o|0oj0o|OojO|O]|O|O
14 | 9 |Reactor heating 3 100 | 120 | O 0 0|22 |2 (2|2 2212 |2 |2 |0)|0)j0j0j0j0|0 0O
15 | 10 |Reactor cooling 3 30 3 0 0 P =2 flE e 2|22 |2 |2 ]|0|0jojoj0j0]|0]O

17 8. Conversion to process map for elution and drying of [°F1
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