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7 1Al o] wbARAl ol A Fok AIZEQl WA S AA T o] Ao

+% Vim/sl, &9 PIN/m2], 2% plkg/m3]22 yetdct. 2 (2.6)004 r& 7]
Aol wmEn s Yetdla, AQ2NDE Yed £ 9t

Cp[cal/l(o mol] s R
"~ COleal/K « mol] C,

(2.7)

CpeE AY & vYcal / Ko moll, Cvx & H]Y[cal / Ke® moll, R& ®»HXH
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7b gtk O[T &3 2EE 47 VOp0z sta t[TCle %3 2=E

Zbzh Vi, piE st 21(2.6) 21(2.8), 2 (2.9)¢ 2Tt

Pt
V= i (2.9)
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&% Vst Vool M 42107 2o] Hr.



e (2.10)
Vo

AL p0E py = py (1+ﬁt) ojm R 2 (24)% A(211)e] Hrh.

Vi=Vy/1+ o5t (2.11)

AR Aol ostE -1 < x <1 A4 W g A moel diske] A(2.12)%

V,= V0(1+l><Lt): v, (1+

5 X 373 ——t) (2.12)

=t
bt
<,
>~
=]
=
=
&,
r

ek s dASA st 2Rde HAe os e Po
Hgsteg 2 #7A= P/p = constant’} H 1, &5
A Pk 535, A WS AgPste 2599 £E Ve jde Ux p 84w

%2 2~ (modulus) BaFir ko] 21(2.13)¢} o] Ao @t},

1
V=(—)? (2.13)

71 FoA  330m/s, =LA 1480m/s, AXZH oA 1540m/s, W <ol A
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E 228 AAY old R FARA WAASE deEun Ak Az
PZTShe] ZAWelA WAAFE 0892 ¥ & & 5 Atk

BAH v il |
] — &) 2 u 0.66
#] v} — ] 0.69
2] o} — 5 0.08
A w2 2 0.08
A -2 G 0.10
A -3t 0.09
25— 1) 0.03
24— % 0.03
Tl 0.01
dx-5 0.05

o] 2= A - F 7| 0.99

Azx4-PZT52 A 0.89
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4.2.5 Ao ¥ (Timing Control)
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4.3 N =4 9o
229 A Ad Jd A2d"dS fFs= CPLD +d dxugse 19

library |EEE:

use |EEE STD_LOGIC_1164.ALL:

use |EEE.STO_LOGIC_ARITH.ALL:
use |EEE. STD_LOGIC_UNSIGHED. ALL:

entity pulse_tgc_fix is
Fart { clk = in std_logics
pulselut © out std_logic:
tgeOut ¢ out std_logic_vector (7 downto 0);
tgeClk @ out std_logic)ds

end pulse_tgc_fix;

architecture Behavioral of pulse_tgc_fix is

signal pulse_tmp  : std_logic = '0°

siagnal clkdiv ©std_lagic = '0°;

signal tgc_tmp ©gtd_logic_vector(7 downto 0) = "00000000"

signal tgc_enable : std_logic;

sianal clkdiv_ent @ std_logic_vector(7 downto D)  := "00000000"

constant duty *integer = 5; —— 100 ns (20ns+5)

constant pulse_width © integer = 5; —- 20 ns + 5 = 100ns

constant pulse_period © integer -= 50000; —- 20 ns + 50,000 = 1,000,000 = 1n
begin

pulgelut <= pulge_tmp:
tgclut <= fgc_tnp;
tacClk <= clkdiv;

process (clk, toc_enable) -- divided clock for TGC
variable clk_cnt @ integer range 0 to 320;
beain
it clk'event and clk = "1 then
clk_ent = clk_cnt + 1 :

if clk_cnt <= duty then
clkdiv «= "1':

elsif clk_ent <= (duty + 2) then
clkdiv <= '0°;

else
clk_ent == 0;

end if;:

end if ;

end process ;

process(clkdiv_cnt,clk) -- pulse
variable clk_cntl : inteser range O to 1000000;
beain
it clkdiv_cnt = 254 then
tgc_enable <= '0°;

elsif clk'event and clk ="1" then

29

4.89}



process(clkdiv_ent,clk) -- pulse
variable clk_cnt! © integer range O to 1000000;
beain
if clkdiv_cnt = 254 then
tac_enable <= '0°;
elsif clk’event and clk ="1" then
clk_cntl = clk_cnt1+1;
if clk_cntl <= pulse_width then

pulse_tmp <= "1';
tgc_enable <= "17;

elsif clk_cnt! > pulse_width and clk_cnt! < pulse_period then

pulse_tmp <= "0°;

elsif clk_cntl = pulse_period then
clk_cntl = 0;
end if;
end if;
end process;
process(tac_enable, clkdiv) -- tac
begin

if tac_enable = '0° then
tgc_tmp <= "00000000" ;
elsif clkdiv event and clkdiv ="1" then
if tac_tmp = "111111117 then
tgc_tmp <= "000000007;
else
tac_tmp <= tgc_tmp + "000000017;
end if;
end if;
end process;
process(clkdiv_cnt, clkdiv)
begin
if clkdiv_cnt = 284 then
clkdiv_cnt <= "00000000";
elsif clkdiv’ event and clkdiv ="1" then
if tac_enable = "1° then
clkdiv_cnt <= clkdiv_ent + 1;
end if;
end if;
end Process;

end Behavioral;

14 49 CPLD +d g+
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51 NHAFS T8 A" AF

5.1.1 N AW (Specimen Preparation)

a9 51(b) Fo] IR, AW & 379 o2 FA"E F 109 AES

HAZFE AEFsAa, LE AR A7E 20x20%21L(7FE <Al 2 xF 7 )mm A A 5}

Injection of

chemical

719 5.1 (a)lnstron Microtest System ¥ (b)A]#
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512 ¢+= A7 BA(Compressive Test and Analysis)

R
El
ol

s WY Aol AHEE Aol AANHAA] 24 Fxol o]
AaE ARolAe 249 FE WaE BAas] Aatel, 19 51k Zol 44

Alda Astd ARE dd dF HAPES J2EB2AY vy Ad 7)Y

o
a

(Instron microtest system, 5848 series, Instron, Norwood, MA, USA)E o] &3}
o] FasArt. o, 4S5 AFAAMY dF AFEEE AA A 249 7144 &
A AT AFEAdA o&d APSE A A AT [24,25]. BE A

"ol diste] LT 001s-1MFE &= AFEHEE A7, o =

sl AlH 2] w] A ¥ A (Nonlinearity) ¥ % §HA]
23l ATk o]y d AHe v AP %
ggde AFstE fete] dA ead As R (First order ogden model)S Ab

S3tdH26]. ¢ Sad BEe v AG1HY HMIYE ANYUA TS (Strain

1o
N
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o
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A (Hyperelasticity) 2

energy function, U)Z E & Ht}.

u -20”1 A0+ 2% 442 —3)+—(Je' 12 5.1

1

AGDAA Us 7l 59 @99 B3 E oA (Strain energy per unit of
reference volume), nl, al, =2 DE X FxZH Hzx AF

(Temperature-dependent material constants), J9& &4 %3] & (elastic volume

ratio), 121 Aix #x} 94 E(Deviatoric stretch)o]th. o] 7|4 A= th&o A
G2)ZFE Aoz},

Ai =JV3) (5.2)
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ABSTRACT

A Study on Gastrointestinal Diagnosis System based on

Ultrasonic Response Characteristic

Kim, Eun - Geun
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Functional gastrointestinal disorders affect millions of people spread all age
regardless of race and sex. There are, however, rare diagnostic methods for
the functional gastrointestinal disorders because functional disorders show no
evidence of organic and physical causes. Our research group identified recently
that the gastrointestinal tract in the patients with the functional gastrointestinal
disorders becomes more rigid than healthy people when palpating the
abdominal regions overlaying the gastrointestinal tract. Aim of this study is,
therefore, to develop a diagnostic system for the functional gastrointestinal
disorders based on ultrasound technique, which can quantify the characteristic
above related to the rigidity of the gastrointestinal tract.

Ultrasound system was designed. The system consisted of transmitter,
ultrasonic transducer, receiver, TGC, and CPLD, and verified via a phantom
test. For the phantom test, ten soft-tissue specimens were harvested from
porcine. Five of them were then treated chemically to mimic a rigid condition
of gastrointestinal tract, which was induced by functional gastrointestinal

disorders. Additionally, the specimens were tested mechanically to identify if
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the mimic was reasonable. The customized ultrasound system was finally
verified through application to human subjects with/without functional
gastrointestinal disorders (Normal and Patient Groups).

It was identified from the mechanical test that the chemically treated
specimens were more rigid than normal specimen. This finding was favorably
compared with the result obtained from the phantom test. The phantom test
also showed that ultrasound system well described the specimen geometric
characteristics and detected an alteration in the specimens. The maximum
amplitude of the ultrasonic reflective signal in the rigid specimens
(0.2+0.1Vp-p) at the interface between the fat and muscle layers was explicitly
higher than that in the normal specimens (0.1£0.0Vp-p). Clinical tests using
our customized wultrasound system for human subject showed that the
maximum amplitudes of the ultrasonic reflective signals near to the
gastrointestinal tract for the patient group(0.6Vp-p) were generally higher than
those in normal group (0.4Vp-p). These results suggest that newly designed
diagnostic system based on ultrasound technique may diagnose enough the

functional gastrointestinal disorders.
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