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In the present study, investigations and validation experiments were made for the realization of acoustic
tomographic visceral fat inspection apparatus based on the observation of ultrasound time of flight data
around human abdominal surface. In particular, mechanical scanning system using a facing pair of high
sensitivity broad band piezoelectric transducers in low frequency range was developed, so that waves
propagated through the long distant intestinal gaseous medium can be detected without suffering sound
attenuation. In addition, urethane gel hemi-spheres were attached in front of the transducers to keep good
contact between transducer and body surface, regardless of contact angles between them. The facing pair
transducers attached on the automated actuator stages for the movement of rotation (720 mm in diameter),
translation (600 mm stroke), and pushing (300 mm stroke) were controlled by the computers to move to
arbitral positions on the abdominal body surface. On this occasion, to minimize the loss of data caused by
the avoidance of sound propagation paths intersecting a spine, propagation path was determined so that
center of scanning rotation was adjusted to the spine. To this end, contour of the body surface was
measured by laser range sensor and spine position was estimated in advance. By this means, the paths
were adaptively determined in accordance with patient’s body size and sitting position. In addition,
amplitudes of the sound waves were monitored so that contact condition can be controlled at an optimal



pushing position regardless of the deviation of the premeasured body surface position. Finally, from the
evaluation experiments by using the phantom specimen, it was shown that the measured precision of time
of flight data were good enough to reproduce the abdominal sound speed cross sectional profile image. In
addition, validity of the proposed visceral fat measurement techniques was confirmed from the results that
fat areas can be clearly discriminated from the remaining protein areas with high degree of accuracy.
Although the evaluation experiments for human patients were remained as future work, the system was
brought to completion which can automatically collect the sound wave data around body surface and
measure the visceral fat area from the abdominal reconstructed sound speed image.

AR ERA
(AL - )
[ERESES [ #2eE 2 & &t

2010 4 1, 900, 000 570, 000 2, 470, 000
2011 4 1, 000, 000 300, 000 1, 300, 000
2012 4 600, 000 180, 000 780, 000

L

FE
&t 3,500, 000 1, 050, 000 4, 550, 000

WFgEr iy - 1of
B Dy FL - KB
F—U— R FHHE AT A

1. WFZEBRAR S W) DT 5

i A= D BPRIZHE > TTBHER A~ DR
LTS T, ATEEERO TR L L
T, B EE e AR R AE D E B
DREHBEENTND, ZOERIZEZ D Hik
& LT, BREHOME B KSR
WiEti, FEM O G R2EE L LTEHN S
TWAHS, WIEAENI 7200 280 i L CllE T
72\, —H T, EBRICZE T D NIEAE IR
FE L LT XHCT (Computer Tomography)
PEDNTN D, Lol BRI LD
R ES LR SN D Z &0, KIFERRIC L
A2 ZENTEROVRBBAREETHY |
BBEICRET H-DOFEE LTES 2 &
ETERWEEN D -T2,

2. WED B

ARFFEIE, BEEARE R B o RS s
i P 5 TR0 2 2 D P2 S W A s
T 7 4 MUBEEE O FEHL L ONIRIE R
~DISHE B LTIZBE 2175, RFIEE,
NEZ T T ¢ MR EIC X L L 7 M
T 1 0 WG DA & s AU 20~ © PN gk 1 i
ERHETDHHLOTHY ., ARFIEME DFRZEIZ
FESNWTW D, Tk CRVER & D kY
AT CE e iR 2l & 2 ¢, EHEY
THEAFRER R BB OEE 2 EB T 5 &
LB, |MBEOGEEKRGET 5720 DR
REHIERBRAIT 5, ZHIC XD, —IEFER
PIRPT L L C H E 6 ATEE 72 8T LU i

T T - AT

NENIBg A L2 T D,

3. WgEDHik

NARFEER A B2 o TR 5 Rt m) 126
ZAE AR A ER T H Z LI L 0, JEEH
T8I N D EEL DACHIRR I _E ORI RER 257 —
2 ERAST D, EOEREREF FARRER T —
203, KT RN S IR A ORI Sy (E
LT T L ) TRETX RSt
Dbl NET T T 4TIV EEST R O
Bl MM 2 T D, ZORE. AMED
B AR Cld s A3 < (1450m/s £13T), 2 H
AR CITE < 22 B (1550m/s {1 PEEL A& R
M52 ickv ., WiEiEAEE % 2 Bl
LEOEEEZNET 5, ZZTlE, BT A
% B T MR RRR I P O R DR %
[F]38E9™ 2 7= 6512, 100kHz 4545 &1 iz FER oD e ek
JE R 2 B R E S G W 5, I
2T, B E T2 HABMEZER T 572
DT EZAE we P EREEAL E D O RS EE 0.1mm LA
T, BEALEAS~OBENEE Imm LU, OF
T AEBEEZ BT 5, kv,
0.1ms A4 — & OA=IRFRFRIE, $+ m/s o3
RED E RS RGO A2 BI54, A7
TiE, IO OWRREREZHET 23 B
— & il B B AR A2 & 0O SEBUZ T T AR
2IT72 9, Flz, BAEV AT ATHEHEDWTER
BIEOANEZE GRS D 72 O Ol B 2
17729,



4. HWFIERE

(1) = va—HZHlEERE ST
25 DRSS

FRAEEE (2 O T2 IR 2R JE PR B Bl A s
AT LOWEREER 1R, KV AT HELHE
WEZEDT-ODOXMEZFEE T A
Pa—H (B 4H0mm). BLOVILH Ly —
X (BRENH R BV AR AR & G R
&AD ZEHZR) . N T AV a—HY H{EE DK
K EICBBESEL-0ODT VFaxz—~2R
T UM DRSNS, T 2T, 5%
5 N7 VAV a—WxhE, & x ORFEAL
T Fax—% (A ba—2 300mm) (ZHEYH
T o TnD, 5226 ITIERE M
DAT— (A ha—27 600mm) (ZHY i
SNTWD, 2T, EZEaORIH IR
BHEER Y L VR I HNTE
D, FERRIVENTDHZ IR 0IREE b
T UAY a—YRE OB O K/NNTE D
O, TIC B4 E A IR E MR FF T &
L E D Uiz, WHEBENIINZ T, [Al#sER
ZARBICT H720IZ, LLEOESZ =y K
AR, B 720mm DEEER T — 0 R
HEOLNTWD, ZoEEZRAT—JICi, &
FmELHIE A v — YRR s S
TEY ., WmEHEHOREL= > FO&EEL
FRTWE, T XRTOT I Fax—X|ZTH
fAi~v~A4r7nrmnt oy PREFPEEITEY,
K 2 PIINLAT AT FI] i BB C & D AR AT
L7z, MEESEKITIALHE PC (=Y Frayr
Ea—%) IS, T4 EZEEED
aREHEHIET A AT A EFER LT,

Pushing
stage

Translating

Rotation
stage

Translating
stage

@)

(b)
1 NG B A R Rk B s 2 7
L, (a) RZAGHEMCEAERE . (b) RUERE
T FEBRDOERF-

(2) BHHEE BB LI EZEREORE
HFRITMEELATHIE-D VST 7 1
FOBHRSM 2R LRV, 2o, Fhb
RBLHREERET DL ERND D, OB, F
BEZ @O 2 HER L2 Z LI X DIEHmE
Sem e/ MRBICHZ 572012, K21 T X9
2, BhixE NET T 7 4 RO BEREES NI
BEED, Thbb, L—HHIE L EER
FINZANET DRI AT 2 KD, DK
Mok i m o U5 OBRATE . T
HOMfyEE LTHEELZ, 2 bx b &I,
PLFD LD ICRIEIERIR AT 72 o 1=, ()35
SRR E 0~180°DHFH T EMAE T LI
(LA FOEERTIX 10°[6R) [HEsd 5. (ii)E
Bl 238 5 R & B 5 TF CHEMBE R 2k
RICEZERE R (UL TFoERTIX
2.5cm kR CHBEIT S, RERICRET D
WENEHE LR ZET DA, (i)iE%E
DK R EH AT RBEN LIZEEO, By 7Y
TN EARFR L OB E & B2 E A L
TB, ZIZT, o7V THERT VORE
& DS ITM 3 DRSBTS,
PLED XD ICIRE L% %2 OREIZEB T 5,
AT —VAllinfy, AT — NS ENEEE, 2V
VAR UAHT BEREDS . BRI — & &
LTHET S,

— :Interpolated
e~6. O :Sampling Data
_

RRWT—2AE EZERBORE

EHEMIBEOHRE

X2 ESZIEREEE OWETTE

(3) Bafilobi s L OV =215 71k

LR Q@) CRO-EZER/BREBLOET 7
Faxz—HOBET—Z % L1, Kr O
W T L EZE S A B RER EoRIE SIS
BEISE 5, TELEEMSOTET, %552
SRR MU NAT v TR CTH LA 208 B
GIREZ T =495, ZOBRIELMEND
VIRTZ LT X0 Rl e R UIARLE (BEfih
M) LT, Zhickv, JERT O
TRENRS . BEfi i OO HE TE RE 75O SR DL B TR
OIRFEN B HEERET DN VRILTICH -
T BAF Rk E 2 BB TE 5 L HIC LT,
ZHOLTHBHESNDZEREBRGT—2 L L
THWD Z &1 X0 B i s i & FR B
T 5,



Center crossing | Body surface

point \. |7 Tangent line
Contact point 0 Ay

PXy). o~

act angle

“TAX ! Transducer

X 3 PEREE AL & IREE U OB A
7~ L7

(4) BAAS EOAE L O R EREA

B AE AR DAL E R DI L 2 REET 572
OIZ, EEE 115mm D4 & P 2 5005k H &0
ELTHE Lz, B EROEmICEY 17
T2 $HEMR DN 4@ IR ek L 72 B o s A
fbEBHT 25, 29 LTRDET U AL
NG HEEEDO FZRME & . EREQ)DO TIEIZHE S T
RO T LA RO FHE & & ik LT,
X 4 1% 50 R EDOEZERLZ DY XD
P LUIARBEDOUKFERTH S, WHDRAED
SR L OB ZEIL 120.9mm TH o7, B
Bleta BRAF e BB BIE L 3 EBL S T
DT ENERTET,

=12 B )

EWS roanl 1

5 119 VAT ALY

R BN ENAVIDV AR RTAT

o I WAVAVA L1y

g LYY

SOEFT | - |
- Pamm(:an)mer

E 100} ]
LT ,
ATV Y
e AL UV U,
%0 ALY

20 30
Path number

(b)
B 4 4 ) RERCEHT a3 2 1 LA B
D FEHME & BRFHE O Lk

(5) MEERAEE 7 7 o b AT K DA R E
B K O P8 A LR O AR AR A

X5 DK D 7 g~ 7 > b A
TR 21T o 70, BRE L L TolE
WPV — (c=1540m/s) ZFH L= L X
T ARKEEN (c,=1540 m/s . H:210xW:260 mm
OFEMIIR) 12, HAREESE (RY =F 1
V7Y a—)L, ¢=1610 mis) . NENifEEY R
(7 — K. ¢,=1450 m/s) . HFHtEEEMIx (7
T AT 4 v 7, c=4000 mfs)) EHLE L CTHD,
FRRQ)OFNEIHE - TRDT- 76 ORI ET

B R 22T — 2 2 HEEH L=, 20
FERE L > 2 L—3 g RO kS
HA X 6 1RT, WEORE R, Bl 23K
FVRETHEENKRELS Lo TWVAER, 20
fth 13 A2 B AZMEBE 2 2 9 2 I E A 22 4
WORSECTRIFRAENERTE TN D, £
2. MBEDT —Z % L2 LB EER O
ERRERZ X 7T IR T, EBRERIL, Bl
DR EVEROREE 2RI LT2 72012, TmEh
BERMHTOESENRE L TBY ., migHbsd
HNTWD, i ORZ 7285018157
—HBRPITZD X O ¥E LOKBEEZNZ
HZEIZED, ZOMBEITE T DL
EZHND,

VL b NEERAR S E P _E Ot 1265215 28 A b
EBETHHEBTHEEZE AT L EHBEL
77o MEEESRE 7 7 > b A& W TGRSR 0O
FER. MR & & AL O T EOE VR
B B4R E CTXAITE 5 EENFR
TEX D LENMERTET-, AMERERRIZLTE
FHIERER I OWTITRREN R SN2 H DD,
FHIE 2> & NRgIE A a1 5 £ ¢
HBE ATRE AR & L TRk sE
LT ENET,

<« 210 mm —>

+—260mm —>

X 65 MEEAREE~ 7 > b A

‘*Experiment

Travel time difference AT [us]
[ TN N R S - Y]

| |
10 20 30 40 50 60 70
Path number, m

X6 JEE 7 7> b 2iEa T S A
BRI D FEER L > 2 L—3 3 O

Sound speed
Fast

' Slow

Simulation Experiment

X7 HHEAEREGROERE I 2 —
a DL



5. EAFERMIE
(FZEfR e . BFIES s B S e
)

(EaFREK] GHTH)
(1)T. Yoyama, K. Sasaki, D.Shimizu, H. Li and
A.Yamada, "Body  Surface  Automated
Mechanical Scanner for the Abdominal Sound
Speed Tomographic Imaging”, 2013 Int. Cong.
on Ultrasonics, Sa23.2, 2-5 May 2013,
Singapore.

()28 M % R EK AL, SFH, L H, "EE RN
TR NG I A 2 2 (i 0D 7= 6D D (A 2 J&] PR R bk A2 A
EORE", AAREES 2013 FHRFITHE
£ 20134503 H 13 H~03 A 15 A, HE L
BERZF, HUR.

(3)K.Sasaki, T.Yokoyama, D.Shimizu, K. Li,
A.Yamada, "Abdominal mechanical scanner for
the acoustic tomographic measurement of the
visceral fat area”, The 33nd Symp. on Ultrasonic
Electronics, 12-15 October, 2012, Chiba Univ.,
Chiba, Japan.

(4)A.Yamada, K.Sasaki, and T.Yokoyama, "Body
surface scanner for the abdominal sound speed
tomographic imaging", Int. Conf. Acoustics 2012,
13-18 May, 2012, Hong Kong, China.

(5)T. Shimabukuro, K. Sasaki, T. Yokoyama, and
A.Yamada, "Closely-contact body surface
scanning  mechanism  for  the  acoustic
tomographic measurement of the visceral fat
area", The 32nd Symp. on Ultrasonic Electronics,
9 November, 2011, Kyoto Univ., Kyoto, Japan.

O)FnH, [LHH, B, W AR EAEEEN
LRSS ' T 7 o B o FBLIMERE R B
D= DR, AARFE 2 2011 FEFRT
Zegs 4 201143 H 9 A, FHARH KRS, BT
#B

(MiE %, “28PBLRI 7 — 2 12 Sl
BEENGA—ZOBEWR NEY T T 15
B, GE-~L 257 - S HIE (R
i) 2010 4E 6 A 28 H,GE-~/L A4 7 -
A AT Y

(& DAil])

R It

AR S RO IMRIEE R N E ST 7 46
1, http:/Avww. tuat.ac.jp/yamada/abdct/
index.htm

6. WFIEHER

(LFFEREE

(LH 5 (Yamada Akira)

FOR R LR - 15 GR)WFERE (WF2ERT) - 2
%

WFgeE %S 20159213

QW HE
L

(3)EHEMFTTE
L



