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Abstract

Presently, the synthetic devices for PET radiopharmaceuticals on the
market 1s remarkably expensive and lacks flexibility for making
non-standard radiopharmaceuticals. Therefore, it is necessary to purchase
very expensive synthesizers or develop them individually to make new
radiopharmaceuticals. The situation is restricting the research using new
radiolabeled compounds to very limited research facilities.

In this study, I modified the design of the motor, which is used for the
humanoid robotics, and the system, which uses the micro-computer board, to
develop inexpensive and flexible devices to synthesize radiopharmaceuticals
and examined their operation methods. I also developed components
necessary for the radiopharmaceutical production by altering commercially
available automatic synthetic devices. In order to prove the effectiveness of
our strategy, a relatively simple purification system was built by assembling
the developed components. Furthermore, based on the experience, I tried to
develop a more complicated device for radioactive Cu purification.

Through this study, it was found that the use of the micro-computer makes
the operational programming easier, besides the device being inexpensive
and highly stable. For the purification system, I used medical application
disposable product as much as possible from the viewpoint that it produces
the medicine, and fine-tuned the liquid flow to make the device ready for
practical use. In addition, it was shown that the refined process necessary
for a rather complicated system such as radioactive Cu purifier can be
automated using our approach.

Finally, this newly designed PET synthesizer system offers a modifiable
layout that can be used for development and production of the new
radiopharmaceuticals. With the rapid spread of PET based diagnosis this
system can greatly contribute to the development of medical systems.



HR

ET1E #E

H2E BSAMEABSESREEDORSR
2.1 iR BB A REEE
2.2 EREEREDRKRE
2.3 VAT Ahay bu—T OEFER
2.3.1 HSWB-02RG D45
2.3.1@) "—FKu=7T
2.320) Y7 b7
2.4 7 4 VX NVAT] - HEkEORE
2.5 U Ve NNTITHG LTc Y —RE— & ORUE
2.6 iR L BE

53 E SDRIERE~DLH

3.1 HHY
3.2 HPLC 1% W =4 Bk g i
3.2.1 HPLC &

3.2.2 HPLC 4y BURs 424 8 o FEARE K
3.2.3 HPLC B LBz BI1T 2 HERE A
3.3 HSWB-02RG iz & 5 4 Hoks S & oo B AR
3.4 HSWB-02RG Hil#Hlz X 2 40 Bk B3 8 % Rk,
3.4.1 BENEAZEEOBEE
3.4.2 ¥ v k
3.5 S EUEHOBEE
3.5.1 4 L DOEE LT NN—TNOFIE
3.5.2 B EA
3.6 fERKOEE
3.6.1 VY ULV THOESEA
3.6.2 WMEOKEIZL BV B —F ~DOATN

14
14
14
14
15
15
16
17
18
19
20
20
22
23
23
25

3.6.3 IKEE YV OREENS2SVTRE Y BbAZA I VT 27



EA4E Bt CURBEEEB~OKHE
4.1 B
4.2 & — TR &5 i Cu B RdEE
4.2.1 fsdtE Cu FEBLEEE O RS RR
4.2.2 HEHE CusRlofin
4.2.2(a) Bk T 1 v L BHE DOLLH
4.2.2(b) Target ®HNEE Ni & Cu D4yEfE
4.2.2(c) Cu ®RIY
4.2.2(d) Cu DfEH
4.2.3 fist ik Cu REE B 2331 5 RRE A
4.3 HSWB-02RG fillfHlic & 2 Bt Cu ISR O AR
4.3.1 IR & R ER O B BT
4.3.2 HEN AT D%
4.3.3 Ni HEES¥R I O AL
4.3.4 Target 2asH 5 7= HBIBAPAEE & o Sk
4.3.5 T 4 VX VA EORE
4.3.6 Ni & Cu D4yHfhE 18 1
4.4 HSWB-02RG Nz X 2 Bt Cu RS E O
4.5 FEFR & B

B5E M

SEEN
1. A BORSRISE BT NI 25 & R 5 DA%
1.1 T4 VXA - MR
1.1(a) AW Mg R
1.1(0) ATV kg %+
1.2 Wit
1.3 BRI INT
14 22 TINN—THAL vF L T30 T
1.5 L%y b
2. B Cu fEIEE R T IV T SR L3 S o A%
2.1 T4 VA NVAH SR
2.1(a) AW tEHigE T
2.1(b) AN SeHaie 57

30
30
30
30
32
32
32
32
33
33

34
34
34
35
36
37
37
40

41

42
42
42
42
45
46
47
48
49
50
50
50
52



2.2 Target &as 572 H BIBHPAZE &
2.2(a) b—&—
2.2(b) IR HEIE
2.2(c) T 7u (PTFE) B
22(d) TR N—Ta=F ARy R —
29() F7RYF a—T
2.2(f) B L b — & — DM DB
2.2(g) Target F.57- B ENBHEHEEE
2.3 BEZERVTS
2.4 A FAZHBED T A

&5 30K

S

52
52
53
53
53
54
54
54
54
55



FT1E #&

i

BB EESBFICBWDTCHE TEBREPED®EE 2 AV 22k E B 2N E
HHENTNAY, PET BHEZETIL. ARIZEE D 220 8 0 BT i e R
TR TR S U7 i 3650 2 ARG ERR G L, EH OENZ%E % PET
WWCERM 3 IRTlEBE LTRIHT A Z LIk V., AEoiemBoRiEs
PET 56D THD,

PET BAIZ N B30 2 B RIS TER 1 3 28 2 2005 2 B & IR EI A
W2 EHERIAL TR O RE 2 B NS E N E W T2 U HESEHR O A Rk & i
AFE~DRANIT N2 2 —EOVESE & AR EREE T b 2R id e & 220,
LT BUHBEDS L NCBET 570, HEEM CREDOKNEELZ I # 5 BHE
Wb, LiehBoT, PET BREICHV B S HHSA ofs1T, $0% ik
S, o, EREEREEN T, BV UHBEMETIT Y LEN D 5,

JEHHPERER OB R, T CIEEO BB S RERSERE ShERELESLTY
Do LML G, b DHBAEKRERIZIEFICEMTH Y. AMEINMEN
O EHIEEDOHIELUN DA E AR T DO LV, Z0O7D, ZOMokk
WHEAOEGRKEIT ) HE. AREE A — I — 72 72 B 3R & s 5
ODIEZRE L SMREEEZBAT I, AFREEL L) PV ClES
DL, SREE LAY U TRIET 2546, TH(bF e Eo®EMMm
WMEHTHAL Yy TRRELRDH, 2< O PET iR Tl 2 b 0B %
AULIEAS o 7 B> T, LERMESEZAE LIRS v 7 B30 AW
RTCOFY PFNVOEREBEREIH LRI TH D, &2 8A7EKTH
2 THEL OfEFR THIA SN IZEAI oG AEITERLTLEY, 20 kD
RHERNPG, PET MR T, KVRMT, WHENE L, BB I\THRIET R
PEREAN RS EE N EE N TN D,

FIT, BT, HRENTWAS SO TREATE, oIS A S
PESEFI R ELEE OB ZF B Lz, Zhick v, 2 0o LWIESIOB% -
EORHREL 720 . PET HEERZ2W o8 A #EH 2SREBAICIEN Y | ERORRICK
VICEBRCX A b0 EEZ BN,

UbzbsbEz, 7. RSN TOIEBHAREEZETT/VIC, AFREBRD
VAT LRFTR D OB EEERE L. IR OICHERBSRERELE, ®IC
BB L7280 v, RSB ELZHR L, Cho0F RO EIELZRA T,



$2E BMAEEABRSHREEDRRE

2.1 TR BB S REEE

BAE. PET HEAHIOABICHWN STV AR E SRR 121, Coincidence
A%y FRBEIERERE (Fig. 1) ° GE 8o MicroLab R EMRH D, =
noOHBEARERIZ. 7V — 1 —ANO Tk SNz AR— A THRE &
NTEY, BEBEAHAOL Y P, 2L TRERY AT, EREBEC TEBER
MThhTW5, £, BBIAREBICITE P — 4 —SRERENTE
D, HMREEE Z G T & AR o TV D,

P AREEEZBEBETAICHILY., INHOHBAREREZEEICL, A
RSB DFREHE1T o 72,

Fig.1. Coincidence #L:84% » 3B By ARk E



2.2 S REEE DEREL

PET FEROERUTITE WBIRENHE A S A 720, 1EEE OWE< 2E &
EBHEHMT, Yy hEANTEREToTWS, 22T, SRERS B8,
OEFERIET O MNERH D, Flo, TIKEBAREEIXIEFICEMTH 52,
B TE BHUREEAINRR LN TWA D, T, xR U SR o0& Rk
MABETHDHZ ENEEN TS, L, THEHRMEBEETAAE v TR
WRWPET Mgk 3 5 Z & 2 &PRIciE < &, BMAEARE T, HEE A HAL
THE X, WEREAICAEZNTT, BRI HEETHILERH D, £
. BROREEINT 2 BTG AT e/ A BN SBL L 0 b, F L
T, OREEEZHETH LT, BOBREEITZDZ EBRIESRETHD, £2
T, VIRV TICEVIROBENTE A EEABIUETINEND D, ¥
U2 ANV TEBRERIFIZANL, BEEAOLOEFEH LTS, £ LTk
BT, EEEEROKIBEEIT) VAT LAY ba—FRULETH S,

UbLZzEldd & GRERITUFOEREIIT/RD,
. BEME O FEERAED ATEE

. B TIHAERNEWEETH S

. BHEERAARBETH VS ICED

. SNSRI AT RE A AN HH Ak

L V) UV K B RE N A R
. BRORIENTZ B VAT Aay br—F

S oo WD

2.3 AT LA O—5MER

PEOHIEEITI VAT Aarybue—Jiivf/uaaryta—4F (wfay)
zHWHZ Lz, vA 7 nara—4F Lk, hoiuEiEE » ROM < RAM
REDAEY, AMAR—F, FA~, AID a =7 OFANEKE 1o
DICOPIZEBLIELDOT, 20w /I A2EBE AL LICE VAR
BEZITO LN TELF v 7 ThHE, BIfE, FICFHAINTWS~ A a4z
IFH8 R PIC 2 EXH Y, T bIEmMEET, IERICEMTHD, LHLAaR
5, ZNOHEENTEDICBERY. LEMMEBCT 0l I A2 ERTH120
OEMARBLEL IND, SFETCRTuT 7 e—EbMRLEZZ L DRV



FIT & - T, FEPMEROBBIZIEF TR & FRDB 0 . BUN— L TH
HEWzb, Flo, Xy ay ETERLET v 7T MIBFHO T A &2 HAWT
v A ANl Tu s T LEEXRAS, FITTDH, 2O, VEEROFIEIE Z .
HEVHELLIRY, T2 T, XV arhby U 7 (RS232C) #fEIC LV E
A a7 u T a0 EEEAL I ENTE, BRSNS ax 7 2 i8R
Eh, VAT LAOIENBESIATABHEABEEOS VTR~ A 2 A — FE2
<OpEF, FREGIEE, ATV ORE, i, el T MEHRO LT X,
72 8 & i UMRGET LTz, (Table.1)

Table.1. Hilli~A 22 R— Rkl

BEST EEY Ik ALPHA
A=y PAEF
TECHNOLOGY J—H2R PROJECT
R—K% BTCO050 K-00181 HSWB-02RG AP-SH2F-4A
E & =M SH7045F H8/3048F MC16C/62 SH7046F
ROM 256Kbyte 128Kbyte 128Kbyte 256Kbyte
RAM 128Kbyte 4Kbyte 10Kbyte 12Kbyte
32 16bitMFT x 5¢ch
BAT 16bit x 5ch 16bit x 5¢ch
Servo Controller 16bitCMT x 5ch
BAREE CER® EL AFTYHNERE CER%®
TAav%vk 3,800
B (M) 16,500 43,680 8,190
BAgE¥vk 7800

T SN TV B TR A =2 K — Fid Table.1 (2 b 1T 4 2 Th B,
MGl L THh B e, —BENDIIKABF O, 2 R—FThH 5B,

UL, ZO<A ari— R TR <, SR/ NF 37 OREE Tk
ENTWAHTED, HaDOMANE T B TITORITIIZWIT R, o, <A
AVICHSZFEH L TWALD, 7u /7 L eEZADLTEOICHEE Yy MRS
Thbd, v~f1arxy hEeRBEXY NOSHEZRELEDEDE 1 TTHAEZEXT



LEIDOT, ITLTZNEITWVZRY, RIZAEY THBEL AL E, &
BEDSEV DX BEST TECHNOLOGY #t & ALPHA PROJECT #td~ A =t R
— RFThbd, £, BREIARMKTHS, LrL, C EErHWTTr s
LEAERT D70, 0l T AOMBBIZRE A D> TLEY, HEVHEL
<RV, FIRICHIEICX S5 4~ T, WY 7 NU—7 X3to<A 2y
R— RRBEERNTEY, ZOR—FX, 1 20R— FTHRA 32 HOY—RE
—H EER— NI T, FRICHECcE 5, iKY 7 hU—7 24
D<A R — RTH—RE—F 2HHTDEE. R HIE TR 22 53
X5 ETHY, —REHETEZOORBEEREEL 2 THIER S 20,
ZOR—FO7 077 ASEEFICEBERIMBOSECHER I By, b
LOMBR CRIBEBRE CHLRBIC T 7T AR END Z LN TE 5,
BRREBEIIRSZ DOV ORANAVT HHIET A7), FRICEIBETX 5%
A2 DEBZITIIEZVIEI N L, BRIl T ARERTE S Z L2k
HDoNDTH, MDA 3 Rm— N, i3 2 BdTH B0, [FEH
BN —FL oY 7 U —27 240D HSWB-02RG 4 v AF A2y b r
—F L L THWAZ L EL,

2.3.1 HSWB-02RG O 4%

HSWB-02RG (Fig.2) I ARy FEHIETA-DICEBR I N~ a2y
R—RT, Y—RE—ZZANT Fig3 DL 57 A\Bl Ry FoOsIEEITS 2,
T, BHBRY - LRMNBEESNTEY., BECTa /S LAE2ERTHZ &N
T 5,

Fig.2. HSWB-02RG



Fig.3. SWB02GR # Wz Al R v k%)
(BEXOFR— L~ 2— L 0 EH)

23.1(a) /\—F9Hx7

HSWB-02RG 13f K 32 OV —REe—F ZRICHIEI x5, F72. 8bit
DF 4 PHEIWVATIR— ., 8bit DF 4 P H VAR — K, 8bit DT 1 FEE
AFIR— b (AJEIEEFE - DCO~5V, 4rfEEE : 8bit, fAZETAL : 2bit) 25
HINTWABDOTHEELL DG AIBETH D, DD AMAIFENY a %
NHBEEa FEFHALTHBEIL, T=Z U VIR TH D,

NioRy MR ERE Y —RE—F (Figd) 1T, FVas HIictEbhiz
P—RE—4 (RCYH—R) 2FHLTAHEREEZIT, vRy FOWELNRE)
XERBLLTWD, RCY—ROBEHERBILHIEE BHRICIE DN TE 2L A E
DEVNZE Y AEONEZBLSETRY ., 27UV RAIE & lERA E OXIRNT, K%
DRCY —ARE—ZIZL VD LT OB -> TS, 7o, RCYH—FROREEILEN
T &R B, R, B X OEERA AR D T2 D DO R
BRIy —VICHB SN TWA D, HIEE SR E BEE~ A 2R — K
WHESERT CEESE S B8 TE S,



Fig.4. A\BloRy MWL S —RE—F

23.2(b) YIbL7

Y7 METIE, EAMARY —ARMBINTEY, BN e ST A
EERT D LN TED, u T ASHEIIMEDOSIE (A7 7 FE§E) T
RSN CRY, BEZEH 26 18, Y — R L% 32 fH, 1 kchildlDBEHEE 256
i CREAFEE T, T VT AK 80 LT 656 fHlE CEBFRETH D, ET-.
A7V NP COMAIFER, EEENTET, a—¥runs/ A6z ) 7
6000byte & v , =Y TIIFIEHEINTWS, T b OHENL Y o %
DOIEES NS RS232C 2B L TITH Z 2B TE B,

a7 T LOERIEL, B—va UXEEE (Figh) TITW., BRO Y —=RE
—HICKIRT D =R ES O BEMEOMICEE (X7 A—%) 2 AT1TDh,
V—RE—XEZEEFTHNL, Y—RE—ZDONE (RPTar) 23/
YOV T FNUERTICWMYIARL T T T AEERT D (BoriiE), 2 @Y7 o
7T MMERFER DD, a7 T AIREEa~v s FEs Vv THZ L2k
THRA MY TICHBRICER SIS, £, P—FROBEEE L, HhRICE
BT B ENHETHD, 7TFA DI TICTCHBARSNEZ 0 75 ATHE
i L THRSBIZIATTHZ LN TE 5,



Fig.h. E—3 g X EEHEE

Tur T AITIA DY TICEBERINDEDOT, EHLDEMRFETD
BRI 7T DEERTHZENTEDD, 7UVAIR L REA B OIS
—RE—ZIZL VD ULTORLRDTD, RTA—FH P —FRE—FITIVAL
PTORRD, TDH, BENRTA—FEANTHHIETE, &F—RE—X
DR arD/T A—H LEEHLEOYV—REZNEOY —RE—ZITHIG L
TVWAEINERARDILERS D, LI, BriEsr AnasHETH, —8E
— B DRV g NCRINT DRI A—EE T N ZT TorAe oD/ T A
— A EFARLEER L M EEHETE D, £, BEORIY TV a VDT A—H
PEEELEICHAITEEDT, P—AREDOY—FRBHITHIGELTHENT I
TN TED, ZBRRIIES TEX ARV a VICEEY —R 2B
BEHT, ZOF—X%E VT FUZT THLAR, THERYVIELRNL S 2
7T LWEERTDOTH—RE—F ZEESEDIEFOMEBEVERINT 2 Z &
MWTEDL, Fhr, ROPVa Ry a ryrofoghExaERicHszIns,
T DHBTEREEHWAS Z LI X VR T 7 =y 7R EnE LS, B
WOEFICEBEZHNTZLENTES, MIODTTRITITAI VT EITHIEILE
STAEBDRL, ERICEDTHD LEZ DN,



ZOMOBWREE LT, FI—RORI v ary (R—X) 2RETE, Thi
TSR =R b R — X2 L7 1 75 MR 28 (R—X DE £—v
2 A RIERE, Fig.6) X\ B LT 0y T A e T ul T Kk HHEE (X
FVY hFxA, Figl), #7075 AEBERY R HiFE—va vk
FATTTEAHEE (2> bu—AsSR, Fig8) RENRH 5,

B Tan e |
ERLER-Je-GEin | -
AmeliezEh. |

T

2 OBRLE RSy T S
T om ﬂemepngilioneigmw' S
# 7 HomePositian e goE-

WALKTESTS

honsPHs EF3

Fig7. 27V 7 N F = A VHH



QEnoundy

T YErn

KUSSIR TEST.

F1g 8 =vhm »—/I//\Z v

24 T4ORILATHHEEEORE

T4 PHNVANTT - HAEEE (Fig.9, Fig.10) % b —x 4t & HEpFse cilfk
L.HSWB-02RG 75 0)*’%“4 THNVAMINEE &G FIEEIC LTz, HSWB-02RG
MHDT 4 PHNVAMIMEEIL, T 3Tk L 24V 225 BV O L~V E#A %
1ToTz, THICEY ) A ARBIRBE 72 EosELL S HSWB-02RG 2510 L2 E
L7=BMEL BT 5 2 &k,

LT - PUT:BOARD

Fig.9. ¥4 Y2 VH AR Fig.10. ¥ 4 VXV AF R

10



25 IO ENIVTITHIELEEY—RE—S2D 84

RC —RE—F D M7 T EFICHLS , EREETHOONE Y R0

NT BN TTOI IO ThdEEZ LN, T2 T, WEELDY
PUORNNTBFATEBR LYY —RE—2 L, 2OV —RE—FFEET
DIHODORET YA U, TG L RFEFFRICEVRELE, Zhic kb,
BRIEE DRIEEECTHDMOBIENFREIC 2D, SV T L) v PofEls
T 2 Z LIC X 0k 2 2 3EHNOERICHIETREE RoTe, VY U PF—H
(Fig.11) B ETIHETSH DT, 5ml & 10ml OV »PIEsn LTV 5,
ANV E—5 (Fig12) %, 180 EEEET 5 H DT, /3T A — & 1345 Y 2 HE
MREL 2D, WIKIZ, VP 3, ST 5B FHTTEE () &, &
VY6, »ASn7 11 HED MTFEE (K) o 2 fEZRE L, WIkoHEH
i BRUYEOIEEEAENT 52 L aE 2, MBREICENLTHE AT L 22
776

Fig.11. vV o vVE—# Fig.12. "7 5—X

YV AVTEERTAZOICHANWE RC Y —RE— & (1T ER S
@ KRS 2346 ICS T3 5, Table.2 2V —RE— & DK% 773,

11



Table.2. KRS 2346 ICS D %5

e
[7p)]
S 2188~
S8l |2
%oyCZ((
%%(P\\%X_{O
~ T18g] s
2 Qle|x|*
K o | ™
(el A S
2 i
m| &S] ]| e
ﬁ%wtﬁﬁm
X =]

ig. 13 127”7,

Y AT 72 Efg % F

-
—

T AR

2 aY.%4

AY

N

Y

~
~

&
&
N
2
=
122
o

Fig.13. EED2NK

12



