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Abstracts

Mitsubishi Denki Giho: Vol. 69, Ne. 2, pp. 28~33 (1995)

The Control System for HIMAC’s HEBT System

by Masao Takanaka, Masayoshi Sakurai, Jun Matsuura, Teruhiro Kokubo,
Toshiyuki, Kohno, Hirotsugu Ogawa & Satoru Yamada

The high-energy beam transport (HEBT) system for the Heavy-lon
Medical Accelerator in Chiba (HIMAC) is equipped with a high-level
control system comprised of a control console with CRTs and rotary en-
coders and a low-level control system that manages individual equip-
ment. Similar procedures and interfaces are used to control all HEBT
equipment, from high level to extremely low level. Adopting the status-
supervision concept, the operator can start or shutdown the entire
HEBT system, or simultaneously operate individual constituent units.
The control system and irradiation system exchange signals while the
HEBT system supplies a beam to the irradiation system.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 2~7 (1935)

Current Status and Future Trends in Heavy-lon Accelerators
for Cancer Treatment

by Yasuo Hirao & Kazuo Hayami

In December 1993, the Science and Technology Agency’s National Insti-
tute of Radiological Science completed preparations for using its
Heavy-lon Medical Accelerator in Chiba (HIMAC) for treating cancer
patients. Mitsubishi Electric served as the prime contractor for the pro-
ject. HIMAC will overcome several disadvantages of previous medical
accelerators. It is capable of focusing radiation precisely on the dis-
eased site, thereby avoiding damage to radiation-sensitive organs. It
can also treat cancers that resist conventional radiation therapy. This
article surveys the current status and future trends in heavy-ion radia-
tion therapy for cancer treatment.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 34~33 (1995)

The HIMAC Cancer Therapy and Irradiation System

by Kazuhiro Ueda, Hidenobu Sakamote, Toshiaki Masaki, Fuminori Soga, Tatsuaki Kanai
& Masahiro Endo

The article reports on the concepts, equipment configuration and basic
operation of the Heavy-lon Medical Accelerator in Chiba (HIMAC)
therapy and irradiation system. This system receives a narrow beam of
high-energy ions extracted from a synchrotron ring, then spreads and
flattens the beam and adjusts treatment depth for the tumor. Heavy-ions
are delivered to the tumor position with three-dimensional control over
the shape of the irradiation target, so that healthy peripheral tissue is
protected from exposure. The article also discusses the shielding walls
used to minimize incidental radiation.

Mitsubishi Denki Giho: Vel. 69, Ne. 2, pp. 8~13 {1995)

The HIMAC at the Science and Technology Agency's
National Institute of Radiological Science

by Kiyomitsu Kawachi & Koju Ueda

The article describes the Heavy-lon Medical Accelerator in Chiba
(HIMAC) constructed at the Science and Technology Agency’s National
Institute of Radiological Science. The HIMAC is capable of irradiating
deep-seated tumors as deep as in soft tissue up to 30cm below the skin
using beams of helium, carbon, neon, silicon or argon ions. The HIMAC
consists of an injector; a main accelerator; a high-energy beam-
transport system; a therapy and irradiation system with three therapy
rooms for horizontal irradiation, horizontal and vertical irradiation,
and vertical irradiation; biological and physical irradiation system; and
control systems that manage four sub-systems and the overall system.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 40~44 (1995)

Equipment for the HIMAC Cancer Therapy and Irradiation
System

by Hidenobu Sal Takeshi Kishii Manabu Sal
Masahiro Endo & Shin‘ichi Minohara

, Tatsuaki Kanai,

The Heavy-lon Medical Accelerator in Chiba (HIMAC) cancer therapy
and irradiation system must control the heavy-ion beam so that the
direction, target size and dose of the applied radiation match the values
suggested by the therapy planning equipment. The article describes the
method used to convert data from the therapy planning equipment to
actual equipment-control commands. It reports on the beam-line equip-
ment layout, basic operations and detailed specifications required to
achieve sophisticated three-dimensional control of therapy effects.

Mitsubishi Oenki Giho: Veol. 69, No. 2, pp. 14~17 {1995}

HIMAC’S HEBT SYSTEM

by Manabu Mizota, Katsuhisa Yoshida, Yuichi Yamamoto, Kanji Ohta, Hirotsugu Dgawa,
Satoru Yamada, Eiichi Takada, Kouji Noda & Michio Sudo

The high-energy beam transport (HEBT) system is responsible for swit-
ching the path of ion beams extracted from the two synchrotron rings of
the Heavy-Ion Medical Accelerator in Chiba (HIMAC) for supply to
treatment rooms or test chambers. Mitsubishi Electric was responsible
for the design concept and requirement specifications for the HEBT’s
beam optics. The article describes the design process for beam parame-
ter fitting using computer programs and simulations.

Mitsubishi Denki Giho: Vol. 69, Mo. 2, pp. 45~49 {1995}
Irradiation Position-Control Equipment for the HIMAC

by Seiichi Higashi, Shoichiro Kuma, Kazuaki Nomura, Masahiro Endo & Shin'ichi Minohara

Use of heavy-ion heams to mount a pinpoint attack on unhealthy tissue
requires that the target tissue be placed in the precise location specified
by the therapy planning equipment. The article reports on the detailed
specifications, positioning mechanism, position verification method and
the interface with the therapy planning equipment.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 18~22 {1995}

Features of HIMAC's HEBT System

by Masataka Mizobata, Akiyoshi Teramoto, Hideo Toyota, Masanori Mitamura,
Hirotsugu Ogawa & Koji Noda

The high-energy beam transport (HEBT) system for the Heavy-Ion
Medical Accelerator in Chiba (HIMAC) has a three-dimensional beam
line that is 20m high, providing five horizontal and two vertical courses
with a total length of 240m. Improvements to the exciter system for the
electromagnets enables rapid switching between beam courses while a
specially developed evaluation unit provides more precise magnetic
field data. New construction methods suited to the vertical beam line
were adopted to simplify beam alignment and other maintenance tasks.

Mitsubishi Denki Giho: Vol. 69, Mo. 2, pp. 50~53 (1995)
The HIMAC High-Level Control System

by Masao Takanaka, Masafumni Utsumi, Yoshihisa Y hita, Yasushi Matsumura,
Toshiyuki Kohno, Hirotsugu Ogawa & Eiichi Takada

The high-level control system of the Heavy-lon Medical Accelerator in
Chiba (HIMAC) manages three accelerator control sub-systems. [t has
been designed so the operators at the console of the high-level system
cannot control the components of the three accelerator sub-systems (in-
jector, synchrotron and HEBT), but they can start/shutdown the sub-
systems individually and collectively. In order to separate accelerator
control from irradiation control, the high-level control system has been
designed for least-possible coupling with the irradiation system. Beam-
supply information is exchanged for each irradiation session, and the
system is equipped with interiocks to ensure beam safety.

Mitsubishi Denki Giho: Vel. 69, No. 2, pp. 23~-27 (1995)

The Vacuum System and Profile Monitor for HIMAC's HEBT
System

by Masami Torikoshi, Masafumi Haraguchi, Kazunori Bessho, Hiroki Kitamura,
Hirotsugu Ogawa, Satoru Yamada & Eiichi Takada

The vacuum system of the high-energy beam transport (HEBT) system
assures that the ion beam of the Heavy-Ion Medical Accelerator in
Chiba (HHIMAC) reaches the treatment room with minimum transport
loss. The vacuum duct for HEBT sustains a vacuum better than 1.3 X
10~* Pa over the beam line’s entire 240m length. The beam monitor
ensures that the beam is at its correct location. It assists smooth system
operation by measuring the beam profile and strength, and specifies
where to dump excess beam current when necessary.




TTAMZ7 b

| EEARBAAEA S

JRH A - AR HE—
ZZETHFEH Vol.69 ¢ No.2 * p.54~59 (1995)

1992470 5 19934F 22T, BT AR T 2200 BKREA 4 |
BERET - BE L oo RBREAT - 2858, FeKBHM20mA % L, B
=3 v % 231.6~1.9 tmm * mrad (¥ — A &EHHH' 8 ~13mA D &
E)NE S 4, BEMEREYHoIcER I NG 2 LR MR L,

RALE HBA O P IRETRERET S A T 4
FWHMI - ZEEN - 8 LTEE - S - REEL
=ZZEEHIER Vol.69 » No.2 < p.79~86 (1995)

Hp BCB R OB B - BRETIER 2 R LT 2 BV T, i st
VAT LEYCRE AW L RFITRL, AL, SOV AT LIZEWS
kb7 74Ty S ERERA L, HREHRL - CAD Hii %
WH LT, shdiRsifo THREER > - THREDOME, X - ko
FWFT-BRBTE L, BERZX P RFLAELF—2#EL, TiE
THHMME R LT b, BREENY 7 b2 T REHAL, 7
F =2 GULIZR R 2R - 2RO E W XA T A2 » T B,

RFQ 14+ vontE—4L>3Ial—2 3
B 2 0 R CE PR
ZEEEFER Vol.69 - No.2 » p.60~64 (1995)

BEfFD Y 2 ab—3 3 v a— &Moo THBMT 4 —2 2&E{bT 2
TS LML, o7 e rT AR, SRR mEROE
AT L 5> TRTEDE# ST A — 5 #1532, CHH 2T 5720 1 MeV
F TN T 2200MHz-RFQ OB T3, 96% 7ili@ih#E ¢0.89MV/m &
V) WIS & B, TANX-TERERIENER(RFQ) T3,
WEHERVY S 2 b —3 3 VERERL, PLIDFIEBITIR, =4
NX¥—%1.1~2MeV ZTHEIITE DI L5 h -7z,

b=t %
FIHERE - & 15 - R RETD - kD ZEEL - BERER] e
=ZETHSH Vol.69 - No.2 - p.87~92 (1995)

EFET" T v b CIMAL - BMLIZIIT 2 Y R F AN v Ea— 2 H
FERLD = — X IHInT 2 ZJEa » ba—-nt 7 2L, TS5
o4 ACTHEREA Lz, CoORRBEBOT—2 U o 7 EkbE, B - Rl -
PRAEE - FTRMEEDOFIE, @V —7 v AEBE~ADOMIBERG I LTy
TNy — o v AKERE, @7 — & ERUEAEIC & 5 EEHREE - RO
Feg 2k, @2 v bo—Nt 5 SEOKE - B - RS
PRPENTI®E= I )V SV RATF AL ERERLLLOTH S,

44O b0rmEEFa—F
HHREA < A ik
=FEBHIER Vol.69 - No.2 + p.65~68 (1995)

A4 rob oy 2 YHHELUNOERRECHET L2 2% 2
ENTWwb, ZDERDIRDDT —A 2557 4 (4 A oo ARG~ E b
BER N - IR D M L&) 2 RIS S 7200, FiEEr 2 — F RING #
BASE L7z, BLT-OWEEEICIE, NI HERDI LT L IT 4y
7 WA EET AR FEEZ T w220, BEfch33E0
PEalb—3 a3 iZBWTHEREI G, TORTICBWT, 2na
— N OMEEE X (MBI ERT .

ATz MERETUSIZED
ITLAR—FXHFEATIERAT A
IR EE— « cpATSFAE - LS B - Bl - AR
SETHER Vol.69 - No.2 + p.93~98 (1995)
WHELLN—gDFFHI 2 Ea— S TRPEZ S, BICEHRE
Ll AR - SRR LR R BICE, o Ea—2ic X 2Bk
et » R Y FTERANICEBE T IR TFLPRETH 2, 20D
138, BRI RF L0 gy PP RTFLELT, ZERERHAZL -2
DEHHFRIE A7V =7 MW TE T ALL, RS ad),/
MEETAT Y, BRI HEITIT) > X743 - ERML L,

SERFRLEEEIER S 27 L “MOLDIS" D EZR
PAMEZ - FLFIRAR - SFERFE ]
=B Vol.69 - No.2 » p.69~T73 (1995)

WP H=— XD LD S B ICBWT, BEETIEA —Aioxd
2R ROFEZEIT ML T b, BRI RS
ZF AT, SOk HREFIBICST 2 IESEOEENRIEIE,
SO FIT AT B ENE - BRI ofES 2 By LT, OFiFE - B#H%E
EEIDA Y b 7—7 48, QEYAR2=y PIIOBSREREEE, O
YA v —ERomE, FIZLBEEA Y IA VAT LD FH
S72DT, VAT LAOMEEL LR T LFEMO—MGERNT 5,

e 2

BESESMELE Y F ¥ 3> M34560M6-XXXFP

B BB - RPN —ED - SRR - BB - HACHEAD
ZEBHHE Vol.69 ¢ No.2 « p.99~103 (1995)

2t 7 ) BRI NIRRT 12, B 1 A T IR A A R
TE4E Y boA4 30 2R Lk, EREROB R IR R L~
NTHY, 0.9~3.6V MEICHck50kHz, 1.1~3.6V Bricfick 1 MHz 4
fie % SR L 72,

BRDEA > M, FFUR2DLEWEEKIBICTHS 2 & TIE
WIE - B2 L, 7 — FUEOMWBALIS X - T8 h 2 &
BRI ETHD,

FE M AFERHEATEEEANO
“EBOERTEBERS — I FILL AT LA

KRENFZ « BAFI - e - RINRHE

ZEBEE Vol.69 - No.2 - p.74~T78 (1995)

CTHEOBRE, BEHEY - b A4 VORI & BIT IR ok IR
B L 7oA 2R IR R T, BRI WIS S o0 5 B,
SO EDBRICRE SNBSS — I TV R T AL, MRS
EFIFEC A2 DR RMT a2 2 AN E LT2561s S —Ehlonk
BOLED R 2 vy, BT X 527510k T7 24— 3 L FR
R, 2w BGM T, [HERHEL T3,

Rt s 6y b O

M37734E8L /M8LXXXHP
AARE - MR — - EIRBE - o EE - RRGE
ZZE TSR Vol.69 - No.2 » p. 104~108 (1995)

e BaR B OB HIHIEE » oA 7 v 3 v Ba—% M37734
ESL./MSLXxxHP # Bt L7z, BAZEIc 72 ) % MhEREY 2 BidRic, (SEE
BT T <, RIHRE L2 HE Lz, FRic, HFHZITRMOEE
SRR H B RS AR RENILE X B 726, HEEE A AR
PSS, FIREIMEELO T RKEIT >, T2, R NR L2 izsth
TSSO FI D H R Lz,

iii




Abstracts

Mitsuhbishi Denki Giho: Vol. 69, No. 2, pp. 79~86 (1995)

An Underground Facility Management and Design System for
Tohoku Electric Power Co., Inc.

by Yuji Takiguchi, Toshiharu Mikuni, Katsuyoshi Iwakami, Shoichi Takahashi
& Atsushi Morita

Tohoku Electric Power Co., Inc. and Mitsubishi Electric have jointly
developed an information system to support efficient management and
design of underground power-distribution facilities. The system
employs a RISC workstation that operates in a client-server configura-
tion. Mapping and CAD technology were used to provide integrated sup-
port for most information-intensive operations: construction plans for
underground facilities, estimation of construction expenses, and manag-
ing map data and registration. The system is linked to an existing main-
frame system.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 54~59 {1995)
A Negative Hydrogen-lon Source

by Hisashi Harada & Yuichi Yamamoto

In 1992 and 1993, Mitsubishi Electric designed and produced a negative
hydrogen-ion source for use with proton-beam equipment. Testing
showed a maximum current of 20mA, and specific emittance of 1.6 ~
1.9z7mm. mrad with 8~13mA beam current, which are well above the
performance targets.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 87~92 (1995)

A Z-Type Control Center

by Masahiro Ishikawa, Satoru Kanetou, Masakatsu Mori, Takahiro Mizuguchi
& Toshiyasu Higuma

Mitsubishi Electric has developed a Z-type control center that supports
computerized management of CIM facilities with distributed control
systems. Introduced in April 1993, the system implements a central
monitoring system with data-link functions. Features include monitor-
ing, control, protection and display functions, programmable controller
functions that allow changes in sequencing, and data logging of opera-
tion records.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 60~64 {1995)

Beam Simulation for an RFQ Linear Accelerator

by Hirofumi Tanaka & Tetsuya Nakanishi

Existing simulation code was used to develop a program that optimizes
specific electrode parameters by imposing acceleration efficiency over
transmission efficiency, allowing use by designers without extensive
experience. The design of a 200MHz radio-frequency quadrapole (RFQ)
linac for accelerating C** ions to 3MeV was optimized by the program.
It achieved excellent acceleration performance of 969 transmission effi-
ciency at 0.89MV/m. The article also discusses the variation method
and simulation results for a variable energy RFQ linac. Calculations for
P** ions showed that energies from 1.1~2MeV could be obtained.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 93~98 (1995)

An Elevator-Car Ceiling-Design Support System with
Object-Oriented Modeling

by Yoichi Ichioka, Mario Nakamura, Shigeki Yamamiya, Junji Tanaka & Shoji Kukita

Computers are now essential elevator-design tools; however, develop-
ment of high-quality designs within short production cycles requires an
integrated design support system for upstream processes such as struc-
tural design to downstream processes such as drawing. Mitsubishi Elec-
tric recently developed a pilot system for the overall design of elevator-
car ceilings of its Accel Al passenger elevator series. The system
employs object-oriented modeling of ceilings with automatic or inter-
active structural design and automated drawing.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 66~68 (1995)
An lon Synchrotron Design Program

by Katsuhisa Yoshida & Yoshihiro Ishi

Ton synchrotrons have promising applications in medical and other com-
mercial settings as well as in physics research. Mitsubishi Electric has
developed a program to facilitate efficiency studies on processes such as
ion injection, radio-frequency capture and acceleration, and beam
extraction. The integration method used in the particle-orbit calcula-
tions maintains the symplectic characteristic of Hamilton dynamics
making it possible to simulate long-term phenomena reliably. The arti-
cle introduces this program and several of its applications.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 99~103 (1995)

The M34560M6-X X xFP Ultralow-Voltage 4-Bit Microcomputer

by Toyokatsu Nakajima, Shuichiro Quchi, Yuta Makino, Hiroshi Hayaoka
& Teruki Yoshimoto

Mitsubishi Electric has developed an ultralow-voltage 4-bit microcom-
puter for handheld electronic equipment designed to operate on a single
battery cell. The device achieves world-class speed for its supply volt-
age, offering 50kHz performance on a 0.9~3.6V supply and IMHz per-
formance on a 1.1~3.6V supply. High-performance low-voltage opera-
tion was realized by dramatically lowering the transistor threshold volt-
age. A very thin-gate oxide layer reduces power dissipation.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 69~73 (1995)

Innovations in MOLDIS, a Wide-Area Mass-Marketing Sales
Information System

by Nobuyuki Hiramatsu, Shotaro Shin'yoshi & Takashi Morimasa

With consumer needs diversifying, more sales companies are shifting
toward order-based systems that take advantage of manufacturers’
small-lot multi-variant production capabilities. Mitsubishi Electric’s
mass-marketing wide-area sales-information system has been upgraded
to allow sales companies to place this type of order easily, with a quick
response. These improvements include: constructing a network for
businesses serving multiple markets, answering the needs of each busi-
ness unit, and increasing availability of on-line services. The article
introduces the system operation and technologies.

Mitsubishi Denki Giho: Vol. 69, No. 2, pp. 104108 (1995)

M37734E8L/M8Lx xxHP : 16-Bit Microcomputers for Handheld
Electronic Equipment

by Katsunohu Hongo, Jur’ichi wana, Yuji Sasahara, Tatsuya Oki & Haruhiko Matsumi

Mitsubishi Electric has developed the M37734E8L/MS8L X X X HP, 16-bit
microcomputers for cellular phones and other handheld electronic
equipment. They were designed for low-voltage operation and low
power dissipation to enable efficient battery operation. The standby
current was reduced by developing on-chip circuitry for the clock oscil-
lator and other peripheral circuits. This has also reduced use of exter-
nal components, allowing smaller equipment designs. The article
describes how the power dissipation and external component count
were reduced.

Mitsubishi Oenki Giho: Vol. 69, No. 2, pp. 74~78 (1995)

An Information Display System for “MICHI NO EKI” Highway
Rest/Tourism Facilities

hy Masayuki Oishi, Kuniaki Morimoto, Katsuo Inoue & Yuka Fukagawa

Roadside rest/tourism facilities that combine parking, toilet and rest
facilities with the promotion of local tourism are currently being con-
structed along Japan’s national highways. Information display systems
at these facilities provide drivers with easily assimilated information
covering road-traffic conditions and related areas. Mitsubishi Electric
has developed a system that features a large 256-color LED screen, ani-
mated characters to dramatize scenes and lively background music.
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