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Digital Analyser for Scintigram from Paper Tape
Hiroshi Yasukochi**? and Daiji Ishikawa®**

Department of Radiology (Director Professor T. Miyakawa™') Faculty of
Medicine, University of Tokyo
Hongo 7-3-1, Bunkyo-ku, Tokyo, Japan

Research Code No.: 705

Key Words:  Digital Scintigram, Analyser, Paper Tape Recording,
Image Processing, Smoothing

The informations from scintigrams are best available from photoscintigrams. However, the ad-
dition of digital information will improve the diagnostic accuracy in any cases. For this purpose,
computer treatment and color display are proposed, but they have disadvantages of high cost or of non-
linear information transfers,

To make digital scintigrams from recorded data in paper tape, we have constructed one apparatus and
experienced for six years discarting the handicaps noted above. The details of the apparatus and the
experiences are reported in this paper. The apparatus is consist of two main parts, they are emphasizer
and characterizer (Fig. 1).

The emphasizer contains 128 W memories and smoothing and socalled two type circuits (Figs. 2 and
4). 128 W memories were used to record the element of one line of scintigram because the scintigrams
were composed of many two opposite directional pairs of lines and these lines were recorded consecutively
in the tape and, to construct the scintigrams, these data must be inversed line by line. The data from
paper tape were changed to analogue data in the emphasizer by digitalanalogue-converter and outputs
of the emphasizer were built as equally divided 20 levels of voltage between maximum data and minimal

data which were selected manually between 0 and 99 counts per element (Fig. 3).
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Any ten letters in type writer were selected by inserting rods manually in holes prepared on the

panel of the characterizer which were compatible to the hole of paper tape controlling the type writer

(Fig. 4).

The connection between 20 outputs of the emphasizer and 10 characters of the characterizer was

performed mannually by wires (Figs. 3 and 4).

Consequently any letters of ten were selected among twenty levels of counts per element of

scintigrams with or without the procedures of smoothing and typing figures of 1:1 or 1:1/2 for holizontal

direction (or running direction) and 1:1, 1:2, or 1:1/2 for perpendicular direction (or pitching

direction).

A sample of scintigram built by this apparatus was dernonstrated (Fig. 5),
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1) read the tape
2) transfer the information

TAPE READER [
EMPHASIZER I

CHARACTERIZER }
TYPE WRITER I

Fig. 1 Block Diagram of the Apparatus ana
its Functions

1) select the functional informations

2) selection of smoothing, minification,
magnification, maximum count and
minimuin count.

3} transfer the treated information

1) select the character in each level
2) transfer the information

1) type the digital scintigram

24 754 & —4ESEE (characterizer) » v v
FII AT 47542 - bllBH. =D
5 BT — TR & 2 4 754 X =X O
0 (Va—=) 2x0¥FFERLIOT, 22T
WA AEEE L 2 1 75 4 2 —HEEE O
T 5.
RN EE

S LcB 4 o7 — 7R fL3EE X v EE
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DOE SO 5 BEEMIBIE %5 FF (L 8 =line
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line start), A % 4 V&7 O{F%5 (S E =scan end)
D 4ODEEREER L, 0599% TORFE TED
EhicTF— 2 EERADOTES.

D5 bEEERTOWTIE 1L ITRTmL,

Table 1 Functions of Signals in Paper Tape

SS (scan start)
1) clear out the buffers and memories
2) carriage return information to type writer
LS (line start)
1) carriage return information to type writer
2) send the memories to characterizer and then
clear them up
3) send the following data to characerizer
BLS (back line start)
1) carriage return informotion to type writer
2) send the following data to memories
SE (scan end)
1) stop the procedures
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Fig. 2 Flow Chart of the Procedures
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connected by
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Fig. 3 Connection Between Emphasizer
and Characterizer

COMs are the circuits which compare the level
of out put of emphasizer and suitable character of
characterizer and select the character for typewriter
(scintigram).
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for CHARACTERIZER
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30 8000 00000
3009 000 000 O
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70000000000
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Fig. 4 Tront Penel of the Analyzer
(minification is not correct)

Characterizer is consist of 70 holes (7 10), where
numbers in highest layer indicate the numbers in
upper layer of Emphasizer, and numbers in lef:
lateral mean the eight digits information of the
character selected in typewriter. Rods are inserted
to select the character, for instance, rods are inser-
ted in Nos. 1, 2 and 7 under 0, the 0 in upper layer
of Erphasizer is selected as “L’’. Emphasizer is
consist of two layers of holes, holes in upper layer
correspond to the numbers in highest layer of Cha-
racterizer and those of lower layer indicate the
level of count in paper tape between MAX and
MIN selected by the dials. When 1 of upper hole
and 5 of lower hole are connected the level bet-
ween 1 and 5 in the tape are typed as selected
character of 1 in Characterizer, and when ( of
upper hole and 2 of lower hole are also connected,
the level 0, 1 and 2 will be typed the character
indicated in 0 of Characterizer and 3, 4 and 5 will
be 1 of Characterizer. Lowest part of Emphasizer
from left to right is consist of smoothing switch
(==sm, 3 points average), 2 type switch (off means
1/2 of figure in holizontal or running line), MIN
and MAX dials (each select any number between
0 and 99), R, L and all buttons (R=type only
layer started LS, and L of BLS signal, all both),
start and stop buttons, stage 1 and 2 pilot lamps
(stage 1 indicate typing the layer started LS and
stage 2 BLS).
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Fig, 5 A.

Original dot scan (*®TcO-, 10mCi intravenously injected, brain scan anterior view,

Nuclear Chicago PhofDot III, 120 hole collimator, 90 cm/min)
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Fig. 5C. Smoothed scintigram of ‘B’. 3 points average.

1l22p22222222222222222211
1122222222222222222222221.1
112222333333223344445033403333532211
112222221122222222223333333 132222222211
222222222222222222222222222222223322221111
1122222222111111223333332222222222222222222211

111122222211 111122333333222222221111222211
111122222222111111 11 112233332222222233333333332222
11112222221111 112222111111.22112211222222222211
11111122221111 111l1222222221111 112222332222

1122222211 111111 112222221111
111111 11 1111221111 111111 llzz2222211
1122111111 222222111 112211111122221111
222211 111111 112222111111112222111122222211
ll2222222211 11221111 112211
11111111 112211 111111l22222211
1111221111 11111111222211 11223322
11223311 111111 1111111111 11111111
2222222211 11222222 11111111112211
111122111111 11 1l222222
111111 111111 222222221111 11
ll22222222222211 11111111 11 111111223322
l1222222222211 222222221111 11111133444422 11
11222222221111 11 11 1111 1111221111112222
111122222222222211 1111 1122111111222222222222111111

112222222211221111 1111 11111111 1111112222222222
11112222222222221111  11112222221111221111112211111122222233333311 11
11222222222222222222222222222233332222111111221111111.1112222222211
1122222222223333332222222222223333442222222222222222332222222211 11
112222333322222222222222222222222:022222222222222202222222222222211
1la22222222222332222334 055040 022222233333322222222222222222222332211 11
1122222222222222223 34 40N hE4LLLNL43333222022222222233333333332222
11333333222222222222334460665500L444332222222222223333332222221111
112222223333333333445555555555555555550433222233333333332222222211
11222222222222222233415555555566TT877766555504332240000033222211 -
1122222244334433333355667766555555555555550143333222222223333332211
112222222222332222334455556666666655555555554433333333222222222211
1111333344333333335544555566665566778877776655403340333333333333222211
113344555555555555556666776666668899 BE8STT77665555L4332233333311
1133445555555555555566667766TT7T778877887766554433448 k5503322221112
22l4L66666666555555555566778888888849999 888877665555550133222211
1133663388??55555555555566??3888555555??????6655555555F?9¥33332211

Fig. 5D. Changed symbols from ‘C’. Symbols are sp: 0—7, 1:8—14, 2:15—21, 3:22—98,
4:29—35, 5:36—42, 6:43—49, 7:50—56, 8:57-—63, 9: 64—,
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Fig. 5 E. Modification of “C’. Left to right lines were omitted,
consequently sagital length was shortened as 1/2.

lazz222222221

122222222221 122212222233333322221
1222222222221 12222111233322222222221
122333234443433321 _ 12222111 1 123322223333322
122212222233333322221 1111211 11222211 122322
222222222222222232211 %Ji 1 ;‘Li'flllléﬁlllgiighl
o o] e b 22 . .
12222111233322222222221 8 S Sigsen
112221  112333222211221 1231 1T 11T Tt
12222111 1 123322223333322 112111 ] 1222
1122211 1221112121222221 15220201 1111 111232
1111211 11222211 122322 12222511 11 11 1211122
12221 11 122211 122222211 11111 1 122222
111 1 11211 111 12221 122222222222222332211121111122221
12211 22211 121112211 122332222222222222222222222222221
221 111 122111112112211 1222222223444 04444332222223333322
122221 121 121 122233333455555555503223353322221
1111 121 112221 122243433356765555554433222233321
11111 1111221 1232 11334333354556656787765434333333221
1331 111 11111 1111 131455.5555566'(6637?4:8765!13!1!451432211
12221 1221 1111121 136887555555678898877765555443321
ll;&il e 2222]&225 Fig. 5G. ‘Modiﬁcanon of ‘B, .I..eft to right lines
10202007 1111 1 111232 were omitted, consequently sagital and transverse
1222221 222211 1113442 1 lengths were shortened as 1/2.
1222211 1 1 11 1 111122
laz2222221 11 12111222222111 122222222221
122222211 11 1111 lil22222 122333234443433321
1122222211 1122111211121112223331 1 222222222222222232211
122222222222222332211121111122221 112221 112333222211221
12222233322222233422222222322221 1 1122211 1221112121222221
122332222222222222222222222222221 12221 111 122211
1222222322345442223332222222222321 1 12211 22211 121112211
122222222344 4441411332222223333322 R e
133322222234565444322222233322211 s v -
122233333455555555543223333322221 i e 022211 1
12222222234555567776554324443221 1222221 111211 1113442 1
122243433356765555554433222233311 112222221 11 12111222222111
122222322345566665555543333222221 1122222211 1122211211121112223331 1
113343333545566567877565434333333221 1222223332222223332222222322221 1
13455555556676668988775554323331 1222222322345042223332222222222321 1
1315555555667667T77T7T76543455032211 13333222234665444322222233322211
3466665555567880889887655513221 2222220231553 7176551320 k3001
| 2 356! 55
1368875555567 8896877765555143321 1345555555676668988775554323331
Fig. 5 F. Modification of ‘D’. Typed one charac- 2466665555567888899887655543221
ter for each two characters, consequently transvers Fig. 5H. Modificaticnof ‘F’. Right to left lines
length was shortened as 1/2. were omitted, Minfication was as same as ‘G’.

Fig. 5. Representations of Scintigrams Constructed by This Apparatus.



MR Fnd94: 4 A25H

MIER (=right), L (=left), All (=right and
left) =20+ 2 vhbith, ROEX &%

Licaii L S CIRE BF02ME L, LoEg
ZBLS Tl s%0Z2%HEL, Al O4a1
FEOWHGEFETH L b, fEoTERDE
FOEyFR2mTHIUIR, Lok
THADEKR, All ThHIUE245L75. LK
RFov ,+034mThHIE, R, LOEELk
THaDY e, All DPFERFERDER DL bhb
ki,

FP=FEBOEANCONT: F—2FH K
3, 4WRTIL, EEEKED &1 ¥ TRES
Ml KiE MAX) Ef/ME (MIN) OR%
2054y Licx 4 7 CHIE 50, FHIZFIE10
LR TERVOT, F3, 47T 20
DREZ AT 54 2 —HIEERET 51007k F
BrEgtes o L. Al ho20ER
DN EHIEBZDOSFHH O EHE L, 5FHDIKN
EIOFHOREZERTIIEMING 5 X (MAX
—MIN)/20% TR 9OFHDILFEITSH, Lhll
FasFEHDOERX 5. L3I THIEMA
XEMI NOEOEEOHRE (R L—oD 1L
i (MAX-—MIN)20LLE) &, £ o xF
({HE L10fEIELLT) THrozZ &EmTE 5,

S4TS54 45 —HEEE

EAT54 2 —DEFHIKF -7 D82 D on
off DFE TR HILDTW5MEREILSHEH DI
FFELR TR WD TT 20 on of DER TH
DI T 5,

Chbd onoff AR ICL2TfF oz &
L. Bl 4 1R 10T, £177 =2 0%
TOL D, CZREATSA X —-THEXNIE
BT S IMRELTFAT S, coksieTh
RO EERBLC LR TED. HHABEE X
D OWIInEREOI0= LITOXFE#ERL, B
BT s vanyvers awlflT 50 L8
TE 5.

E #®

PL g 2 offE Liciitr — 7 EE icownt

WARFe, =@l L4 ORIz L LAIER

- 227—(23)

> v 7o A% 5 RT.

T OB THIE SRy v 2 5 AL AR IR
BRERI7 2 b¥ v 75 A LW LUTRIREN
EEWS T i, L L7 4 b vErs
AMT 4V A DRHERFIA LT 570, 15D
WEC X O THMGERRIL2Tc A% — vEmTo
EHRHLT, coBEBRIZFAVIALY vF IS
AIHERRILOTH, 2EOHTHDO 5 — vt
FUThiud, A2 —vofp: LTRIAS
FREb2oTwa. ftoTtchbyligisc L
EX2oTE VIEHERZI s EhB L2 3. R
PHEE LT LN TEDH10, HEtuE
EOBE, X hEBNRT -5 L LTl TE, 2
WA IC 12 2T FI L B 5.

BROBUR, TR O BB ER &3 o ot
fERECHARTHETH D, ThCi@EFETtbhT
Wa XD Elic SR OB, KBl v, —x—
DFABRT R ETL Y, Fx OFERT BRI
FEIBIFTHhTLE .

Lo Lo h BBl 2 5Hli il & h 530 T
£, ZOEBEORB L4 IRET — 7 &
AL, EMEFIEM% AL TEAx » VI DB
FL, ava— 2 —CURTEBEEO RIS
A DPIFEOZE» LI EEEDTED, Thbic
DWTHIE VIS T 5 FETH 5.

W

T —7HWBLTCT 4 V2 AT VF TS5 A%
TERT D EEE 2 A0E L.

Z DB

1) KfE & B EE EREES, Dk
0L T Vil 5 o it b,

2) YvF s sk fER T B30 3 ERTE
N, EONFOHIII02.F TRRETH 5.

3) MF— T ~ORFEHED L DN, FhF
DY vF77 2L, B, o2 ffic
THZENTES.

1) B EAA—YVIHRHETHSD.

MAEBOERIZOWTHEI VY ¥y (B HY
74 =) KK, By RiFERFF oK & 5Btk s
ivode L, R0 BRES oW TR, Sbio B



228—(24)

BoBhiboteo LT 5, XABE -
WTRIIREBEM N T4 2 b e v iz X DM HG
FLATAY -7 ORENFR T 5 PE (R
IR, JEAEA A AT IR G iU R ATt e
LAfMofs L v-BHERoMIE w3 5 W (R
HWaAB) ] e—HAsSFHrbok s Lo+ 5,

X &

1) Albert, S.N., Eccleston, H.N. Jr., Fugita, T,.
Hunter, C.H. and Albert, C.A.:  Use of
magnetic tape for recording radioactivity.:
Radiology 73 (1959) 923—926.

2) Brown, D.W.: Digital computer analysis and
display of the radioisotope scan.: J. Nucl.
Med. 7 (1966) 740—753.

3) Charkes, N,D. and Gershon-Cohen, J.: Color
television contrast expansion of photoscans.:
Amer. J. Roent. 90 (1963) 406—409

4) Croll, MLN.: Clinical evaluation of a new
imaging system.: §§ o [@Ff, 18 (1972) 261—
67.

5) kH f5:Hh T 7 sV AFe vV IOWN
9E, HAREM&EE, 26, 1541—1546, 1967,
6) Hisada, K., Kojima, K., Matsudaira, M. and
Hiramatsu, H.: Quantitative evaluation of
radioisotope distribution in vivo by isosen-
sitive scanner plus 4,096-word multi-channel
analyzer coupling: Radioisotope 21 (1972)

348—352.

7) Hutchinson, F., Neil, G.D.S. and Rimmer,
AR.: Lineprinter display of digital scin-
tiscans.: Amer. J. Roent. 113 (1971) 755—
764.

8) Mgk, 4RI ¢ 4fEak Scintigram @ X ¢
LXvA G, 21 (6), (1970), 5—15,

9) MR, RméE, GERE, KM, W
i RIF — 2 0HERe X5 Fvv sy

10)

11)

12)

13)

14

R

15)

16)

17

—

18

=

19

—

HARESRRE RS H34% B4 5

7 AN, E¥osb@a, 80 (1972), 21—22,
WHRE, HAM—, BERE v v 575 4
DYIRITEEIC 2 v T T EFERBRC £ 5J)
HEIH 3 —F v s vicise sk,
Radioisotopes 14 (1965), 324—327.
Mallard, J.R. and Peachy, C.J.: A quantita-
tive automatic body scanner for the localization
of radioisotopes in vivo.: Brit. J. Rad. 32
(1959) 652-—657.

Natarajan, T.K., Wagner, HLN. Jr.: A new
image display and analysis system (IDA) for
radionuclide imaging.: Radiology 93 (1969)
823—-827.

Onai, Y., Tornaru, T., Irifune, T., Uchida,
I. and Tsuya, A.: A method for translating
scintiphotos into color by the application of
the sabattier effect.: Radicisotope 17 (1968)
276—279.

Schepers, H. and Winkler, C.: Automatic
scanning system using tape perforator and
computer technique.: in Medical Radioisotope
Scanning, IAEA, Vienna (1964) I. 321—-330.
Tauxe, W.N.: 100-level smoothed scintiscans
processed and produced by digital computer.:
J. Nucl. Med. 9 (1968) 58—63.

ML BE:n —A% 4=y OPFESE—H,
AAFEK4E, 22 (1962), 923—933.
Yasukochi, H., Ishikawa, D., Yamazaki, T\,
Miyamae, T. and Lin, S.: Comparison of the
diagnostic values of camera and scanner.: in
Medical Radioisotope Scintigraphy, IAEA,
Vienna (1969) I. 529—541.

REPTE, AR, WEFE: =2 v © 2 —
2k byve sy a0BH, MoK, 18
(1972), 238—243.

LEPE, ZBHET, WHEARE ITHF=,
REHF v v 5 A% e vH AKT - 75
EEOBEME, BAREBA&EE, 34 (1974) 33—43.




