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Abstract

The present study proposed a method of measuring uroflow and urophonography at the same time for more accurate diagnosis in case
uroflow looks normal due to compensatory function hypertrophy in the expression of early obstruction. In case of early obstruction, there
happens turbulent uroflow by the obstruction even if the uroflow looks normal and thus obstruction can be detected by measuring and
analyzing signal caused by turbulent flow. We implemented a system that can measure both uroflow and urophonography, and evaluated its
performance. In the experiment, we observed changes in uroflow and urophonography according to artificial pressure and the degree of
obstruction, and confirmed that it is possible to determine the effect of compensatory function hypertrophy by analyzing urophonographyic
parameter under the same uroflow. The results of our experiment show that the effect of compensatory function hypertrophy in the
early-stage obstruction of lower urinary tract, which is not detectible with uroflowmetry alone, can be assessed through urophonographic
analysis.
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Fig. 1. Block diagram of the implemented system.

1 | August, 2010 303



Implementation of Uroflow and Urophonography Analysis System for LUTS Diagnosis

ol A1 g o] 22 EL A=7} T mV/Pa, Fokrt] o] 6.3 ~
100,000 Hz 121 12 52 ¥ )7} 15~ 146 dB2] 4L /A& &
A g njo] 22 EFAIWA Co., Japan) S AH&-3153T}

253 873 AX AT E A& A8 S5t AAz
& dAEa WA 2ede A3 E HE317) 918 FETER]Y
48 & 2= A3 ZZ7)(INAL21, Burr-Brown Co., USA)E
ol & AXNFZRE A o, 5o THE S A A}
7] 18t ATkt 10 Hz A9 52 E 78I =
g opd @1 AE7 2 E=(sample and hold) 3 Z& &3}
Ao PR 7V s, A2 RE SHE 8 F

NFE 8EA 52 ARstD ZZa] 9l5te] n Rz g 2

ZRE AA 2 AR

teez a8y FAVY 2R7E AN Ao AsoiR-a
(signal to noise ratio, SNR)E ¥°]31 LUTSS] Jdof] §-83 F
B S AE3N] st ANFEINE o] 4R NSHAERE
7ot e, Y2 E fAHE 60 Hz A AAE AT =
A 2E 9 50 ~ 1500 Hz Atol 2] S EIHLE & A 3T

254 aRSASE AFE AN B4 /15 IAE Asg
W] 915t Al g QIE o] 22 TFE & 128 E A/D¥E
71(MCP3204, Microchip technology Co., USA)E A3} o]
B 9gHE-E AEIT) )1 wlolE] MR e] TF, HlolE
3% 283 PCe B 9% dlole] A 5 A& 93l
VHDL(very high speed hardware description language)@}
FPGA(field programmable gate array, Spartan2-30, Xilinx
Co., USA)E AH8-8lo] Al gl Ao} 58 7/ 31Tt

oA gto 2 A2 Ao] R 2RE ALE dolHE PCIA ¢
2ZHol3ta A7l Y8l Visual C++ 6.0(Microsoft Co.,
USA)E |83t PC AIS Z2a3S 7A3IAch 7€ =2
TP A" Ao Fo A A" BARET ABD B 53]
o 1152 Kbps®| £=2 75 & $Y3155 A3 1
2l diolo] 23 = RE AEet] 25 E 75 vl
HE TEFAL A ZLE P 5 A= Atk

C.24 9 278 dojg9 4343

HAFA W o2 s g 249 #4-E Adsly] 98l 2
£3 275 A3 E BAs A4S 7P & vkdshe 57 g
uE & A&3taA ik 9A 84 238 o] 831 vl A] 3
o) 8 & (maximum flow rate, MFR)¥} 32 < (average flow
rate, AFR)= A &35l on, 441 & o2} 2}

- last
MFR =MAX [Q,, (®)] 5 M
_ VOL
AFR = FT 2

304 | J. Biomed. Eng. Res.

9714, Qurae 84 9n|3l9, VOLE 8= 18| FT
= WA ofujdit), dutd o g HAe] gle - MFR¥
AFRS &L oz AZHY, Hyo| e 3-$ole MFRZ
AFRE Atjd o2 vt gro 2 AZHr) o] g 2L 8PS
Ao M ZFAT o a2 Ts SAde A vl
T FEFANG ST A4 57 PR 5 Aok AT 2S5
AL geg2E QAlY BV 5YR B & - 75 wEd
Foonz Ao Bt AuiE /AlE AdE #8 + A
EE {52 ASSI on, ASE dolE 9 A5 A & $5ho
o2 22 il g A 438t

B AT A2E 2752 A3 E AS A 2=dA 50 ~ 1500
Hz Alo]9] 19 B E & 2831931, 23 5000 A& Y53t
o OAg Az Bgsio), T3 volee] £4 %A PC 3
oA 50 ~ 1500 Hz Atol9] i BHFE & 2 &3} on, HA
2H 9 F2 AT WA S HAasletn A5 SAREAXE
7] Yl the Al o2 B8 HE 8/ AAHAE & Y
=g

Hiz)=1—az"1,09=<a=<1.0 ©))

AR Y S Y3 L F{F-Z AIE ARG T TG Gl
A B3 WA AI7E 9] B M= ARPE F&3t] HA
o] wWhE ¥} S BASG T FoFY G £ 95 7
& 24 5 FFTE ©] 43 PSDE A4Kla MF, Fao g
M2 ¥ 3-&(area variation ratio, AVR) 18] 1. PSD ¥3} & 3&
Blo A3 H oA o] WslE #As T

D.ABYAY 7Y

FRE AR B71E A5t] $-22AS BN AYY
A& TR A & A ) 5ol ek B9
o 259 71%% ok AelE R 2eln AP S
e ANS QYA o FRAY 5 Y AN 2AR For T
Hagom, 7EY 4GP FYEE 19 29 Aok

NEEEEER PR DR DETELERE D
912 2Astel W UL ANH o 23Y 5 YES B39
o 2 W% WS 10 cmH0 BHE H: 0 cmHLOSIA ol
140 cmiH0 74 2780] 75 SES Stk 1913 QA 8%
g 243} 317] Slele 47 5 mme] el FOE ol §3 7,
AYAH 37 2 NS FT] A3 lo|22rEE o] §
dod QAo NS 2T 5 Yk PN E TR, =R
A4 2R 2RE F 5 om ol A L7& SHAAE 9
AN A ket BT LR ASZE 5 Y2 Ak
293 AelE o] £ R 9% SV Fol 94 34

7Fet= % skiTh



Adjustment

Micrometer

Gyerok Jeon, Doun Jeong

PC Analysis

Nicrophone |//| :f
[A]
Sensor
&
lectronic
Circuit

JE2 AEEA FUE
Fig. 2. Composition of the experimental equipment.

. &z & 0¥

A 4% 240X 2 F
AR L EA S A3 B PR Z o] &slo] Hgeo] A
HBA7IEA 8752 AlS81 3, AA YAl M Yeptes
7@*1014 L& AR v|ul S Bxlel 845240 S Ao
olufel 8/ WalE EXET). Ak e BAolAE 30
cmH0 970 cmH,0% 735 H4 J ©ol| & 243} ARPE £
Aol £48t on], 29AAE 747t 19 39 VehigiTh
2% 3 94 30 cmH,09] o) Ao gl& A$- 85216

25 4

mUsece] ¥t} AT HAo] EAlsit| T viaTe] B4 V)
F g7 o2l o] olH 019} A 8 & e el 9
t}. 948-£ 70 cmH02 371710 2 3.2 mme] #4848 FEA
70 4% <k 16 ml/sec®] 845 L}EM%M wpela] YrkaQl 9.4
Ao 2 g Ale] Fido] E7b5 311, o2 3 dio] 24
Ate] o2 QA E o Q. A Q&7 A e} Bl A FS
& AZstH B} A 838 A 4] Adke] 7hEstt) & 30 cmH,0
o] o] QA tEEA Aol gl& AF 842 16 ml/seco| L
B 8729 ARP+=-28 dBo| 1t} 8kA] gk Ao ﬂ“@ﬁh BA
3 7% grlo] st gl ok & A4 /e 70

i

o

—v— Fow Rate{70cmH,0)
—— Fow Rate{30cmb,0)

- ;
o
c;_; 2 5‘1\ sz o ARP(TOCH,O)
H -

a 15 L. i : +®(3W)
o A1
3 10 A
2 b ¢ O
T 5 ;\. i
8

0

-5
> b
< H
a i
g 10 "{
° \

-15
3 i
5 - :
é -25 jpssinser 4 ¥
— 3
& -0 ™

e L

-05 00 05 10 15

20 25 30

35 40 45 50

Occlusion Degree [mm]

%3, 30 emH,0 and 70 cmH02] 2122} mjAd

HrHo) w2 @0 Q5 22| ARP EN

Fig. 3. Trajectory on the uroflow rate and ARP of the urophonography variation

vol 31 | August, 2010 305



Implementation of Uroflow and Urophonography Analysis System for LUTS Diagnosis

(q) (b) (c})
(@ (@) o

(9)

(h) (i)

T2l4, B ZEE PSD 22 54: (a) 0mmand (b) 1 mm, (c) 2 mm, (d) 3 mm, (e) 3.2 mm, (f) 3.4 mm, (g) 3.6 mm, (h) 3.8 mm, and (i) 4 mm occlusions
Fig. 4. PSD distributions according fo various occlusion degrees: (a) 0 mm and (b) 1 mm, (¢) 2 mm, (d) 3 mm, (e) 3.2 mm, (f) 3.4 mm, (g) 3.6 mm, (h) 3.8 mm, and

(i) 4 mm occlusions.

cmH08 ¢33 32 mmel Aol A7bd S 248 16
ml/seco| AT} BFA| T o] wf 8739 ARPE -15 dB2A 5 Ao]

= 7399 -28 dBgh= <F 13 dBY) Aol E YEMIRITE ol &
F5o #4& Bl S 2AY # 4 AGS A3 =72 A
42 T UL AAE

Az ol 8752 ARP 4 9]o) Hr} HAe] Ag 2
I 5 A e &L A3l Faed g o F
g At HAe Ao ma 9589 Sy
¥E Br} 71 sHA dERdZ] 98k 70 cmH,09] oA g
85755 AA H8] FFTE $3 31 PSD ¥¥ S ©4]

a1 Mg do =
e

p

220

200
180
160
140

120

100 / .
80 / \\

. —

40

[zH] Aousnbaig ubipaiy

o -

0 [ 2 3 4
Occlusion Degree [mm]

(a)

325, 2780 Faige 2y

3P 0.8 43} 2ok 27 40lA & gRe] H o] R nt
24 PSD ¥ E4 W3} o] AT & A9 =710
mm% @] PSD W3] 326.73°]%1 2, HA2] F=7} 3.6 mm
d wf PSD2] WA 0] 2242724 o] WA S YERA]T g
H A2 A 571 4.0 mm¥ W PSD B3 o] ZH23le 3300.39] #E&
Uehigich o83 Fuk A RS 2 23 100 ~ 500 Hz o
Aol A W3y} gAsiA Uehd S 328 5 e, 94 4
Aol 27 EAo] HAAde] F-83 4T & U2
& 4= Slck

HA Fro 2 2730 TG AR B4S Y8l FFTE

—m—195~224Hz
~~--224~253Hz
—&—253~282Hz
—w—282~311Hz
~—at—311~340Hz

\
\

"

\
\*——é

[%] ooy pory

|
G

-
\._44,,4
0 1 2 3 4
Occlusion Degree [mm]

(b)

(a) MF 2241, (b) PSD 4&iH| 244

Fig. 5. Frequency domain Analysis of urophonograpy : (a) MF analysis and (b) PSD area variation analysis.

306 | I. Biomed. Eng. Res.



snjpA AV
w

d
| I

0 2000 4000 6000 8000

10000 12000

(a)

Gyerok Jeon, Doun Jeong

SpNUBOU
()

100000 150000 200000 250000

Sampies

(b)

J6, Hakelel 2L 3l Q7S 21 (a) 2F H)’FS

Fig. 6. Results of uroflow rate and urophonography in the normal person : {a) uroflow rate and (b} urophonography.

F3sla 53 Fuker)h @alE s g #337] 98k PSD
9] 50 %7} 5l F3¢, & MFE 243819 ¢4 o) 30 cmH,0Y
w2t 70 cmH,0% W] # A o] A of ;b W3} oFd-& 17 59
(@)°] FERSIT o] £ Wl MF7L AAA o2 A Yyt
on A HE7}3~3.8 mmY wE MF7} 120 ~ 150Hz A}o)
Al dAsA Vet a22ln Hae A=} 4.0 mme de
MF7}220 Hz$} 150 Hz2 78 74 Jels o, Ha4=714.0
mm< 9 oA FA8H ottt wets Hae] Ftd]
£ 2200 ~ 400 Hzt F 9] A ol Zvlshke Ftole MF7L
3 2715 vehR ov i dlo] Bt 4lel A 4.0 mm7t = A
Fah gl v)-go] ZASHEA FH o2 MF7F S7Fshe i
S Ueh) o] AnE 2§20 MF 4L #4 ALE
A E-gsl7 ol Fe7t YR T HA e f - 5 Yol 783
BE 2 858 ¢ U35 NS ¢ ). HAo Y=g Bt
A dste o9 S 27 Y8l 8729 FFT 2325
50~ 1500 Hz th <<} A 42 10022 37131 PSDE A4
3}Ath. PSDO| A2 RH AA| F3 L& 10583 4+

SegE e o] Frd wi w4 Wshe-g A
£4 g3 H4d9) g /Mg 2 figste FHAFUHG 2 195 ~
340 Hzolith. welA] o et E 5 FEo2 AlE3leio
B3 295 38 59 (b)oll vERASITE 28 49 (b)ell A 224
~ 253 Hz 73te] H 4o A =g /M 2 Bgste Forti gy

2 %% 99,

B. 34 A9 9 A& F2A7 499 84 F 87T £

#H o] gl Aelole) et A o2 AME FIAMZ T
galae) iz A 8& D g F-30 Wl BB 2 2
o] gl Aol A 9] vl A] B 842 13.5 ml/sec, F )&
&0] 22.3 ml/secollth A AR HAE FEANAE 450
=g adol 12.1 mlsec, Hl 950] 182 ml/secE e
o, Aol QlE A¢ Brhe 37843 o ado] Aidte 4
o] VEPES B 4 3ok 2eln HAaS fEA A S 8
B89 AZo| ZVehe FFE HYTE 2739 ARP ¥4 A3}
HAo] gl Aeioll el viiol A -35.3£2.15 dBell e, <

1500 -
6.0 -

1000 -

4.5 500 A

: 5 o
g 304 5

5 g -500 4

15 - -1000 -

~1500

0 10000 20000 30000 40000 50000 60000 ~2000 ' ) ! ' ' '
0 50000 100006 150000 200000 250000
Samples
(a) ()
7, MBEMH|IYE giel @< ¥ RS Ak (a) % b)2FS

Fig. 7. Results of urofiow rate and urophonography in the in the prostatic hypertrophy patient : {a) uroflow rate and (b) urophonography.

Vol 31 | August, 2010 307



Implementation of Uroflow and Urophonography Analysis System for LUTS Diagnosis

"20 J 4; Rt . % ,,,,,,,,,

100 -

8Q 4 rorerreenmnsd

3o )

40 4

[2H] Aouenbal UDIPB

P EE—

0

Non Occlusion

Occlusion
(a)

[%] ooy pary

Occlusion

Non Occlusion
(b)

T8, Hdof 2 @& Fak 24 (a) MF 24, (b) PSD HAJH| £4(253 ~ 282 Hz)
Fig. 8. Frequency domain Analysis of urophonograpy as occlusion : (a) MF analysis and (b) PSD area variation analysis(253 ~ 282 Hz}.

AR LR AAE FINT ASollE 24.9£548 dBRE S8k
HFE HATE o] & B35 el 4 8= HAo] IFHE F
gste] FEnEol AT AAEA A2 5 St

AA 3NN LA 249 2759 dele 28 63} 2
o 22 3 AR S S0 Wi A B 84 9 8%
9 delle 2 73 2ot ARA Hlui 58] 242 ik A7t
E2 Ao At #A yeigon] Add oz g §7] 9
3l A7het ol o) 249 shgo] kAl Yehhe 4 3E 2
g vk Aol g A Qe HA S FED v
A AFE 8F5E FIHFG Gl EX57] Adld FFTE
Y3k A3} AL F2A7 B 5 PSDY 717t Fokehe e
BEE 030 5, shreEAe] Y e Sl 855
N o Furd g A2 e Ay R E A3 1|
Aol ol 7he e € Ak A Sed PSDS] A7)
HlaE S s 8759 33917, aeln #9879
QS Bol B2 F lonz B} A#3E wev|e o Aol
dasitt Ao gle 4+ d940s A4S F2AZ ik
Al AZR 2559 MFE 9|29 238 13 79) (a)9) YES
t}. 22la £ A7) o8 AR AFEAE o] &3 BrlelAl &
23 Forid o g W 195 ~ 340 Hz Alol o] HaMstES
IS AAE 319 79 (b)ol VeERATE 28] 2 Hot Al 23 35
o] 8752 PSDRA Wske-S N 23S ¥ 19 Yehligle

1, A EMofA{e] AVR EMZ T}
Table 1. Analysis results of the AVR as normal and occlusion

o, AP & 0] &3 B7h} FrARE 253 ~ 282 Hz9| tigo] #
AE 71 A gEE AT 5 ik

V.2 B

£ A7 e Pt 2A 9] S viFael 1 B} Al
b o 2 Atksly] slo] 7129 8474 9 FAl0] 8755 4
ta BA e WS Aokl 1 f-84L g9dlaal 84
LFEE 3RY £ 9 E Alade T

FEG A zdle HILE 95l QA SR e BAE 223
AYAAE PN, 018 o] &3t LF 3 ok AedA <
929 AL o GA R FIANIHAM 8 F-S< WstE A&
3 Bk Y a4 2529 ARP, MF 183 AVR
58 BAE B 7T Iy A& 455 wHTgoEA o
227 dao Ak 9% 87-S A9 g S IS
o]} Z-& BN/ & AA AFEoA A 43 AT /58 MFE
HAo] gl AelolA] vk A] 1014£2.03Hzo| A ¢ H4-& 3
N BSole 11544.58 Hz2 S71815 o0, 18] m 48 3R &
o] 43 Hrlol A FEE Fosrd o8 ¥ 195~ 340 Hz A}
ol2] Fulru ol tiste] WA SHE) WalE BEe 27253
~ 282 Hz Ao o] Fulprfiddo] g /M & Widghs o=
gol= i), oje] @ A e B3 7[EY s&7 el oz

J‘ioﬁ?
o K

i

},\d

195~224 Hz 12.0+0.9467 16.0£1.2133 17.4358 <0.001
224~253 Hz 13.61£0.9833 16.2£1.0133 12.3521 <0.001
253~282 Hz 13.310.7400 18.6+0.9400 29.7188 <0.001
282~311 Hz 13.7£0.8267 15.4+0.9433 9.0919 <0.001
311~340 Hz 13.610.6767 14.84£1.2233 5.7581 <0.001

308 | J. Biomed. Eng. Res.



493 g RIS 48 HTE LR AS L
4 5ol RS T 5 YeS Atk 35 A7 E AR o
3l Agolel BATY 25 R 8FEAZ T BYI 93
%84 Wb} B astele Aug

#u 2d

[1] Keese Mark, J.H. Lee, “Older but wiser. Achieving Better Labour
Market Prospects for Older Workers in Korea”, Korea Labour
Institute Seminor, Seoul, Korea, Jun, 2002, pp.65-79.

[2] Korean prostate society, Texthook of benign prostatic
hyperplasia, Seoul, Korea : Tijogak, 2004, pp.126-167.

[3] Roehrborn C., Di Sylverio F., Leriche A., Ruben, Watanabe H.,
Cockett ATK, Aso Y., Chatelain C., “Diagnostic work-up of
patients presenting with symptoms suggestive of prostatism”, in
Proceedings of the First International Consultation on Benign
Prostatic Hypertrophy. Paris, France, 1991, pp.91-136.

(4]

(5]
[6]

(7]

(8]

[

Gyerok Jeon, Doun Jeong

Michael J., Stuart L., “Inter-Observer Agreement in the
estimation of Bladder Pressure Bladder Pressure Using a Penile
Cuff”’, Neurourol Urodyn, vol. 22, pp.296-300, 2003.

Michael J., Robert S. “Assessment of prostatic obstruction-A cuff
may be enough”, Neurourol Urodyn, vol. 22, pp.40-44, 2003
Pel 1., Bosch J., “Development of a non-invasive strategy to
classify bladder outlet obstruction in male patients with LUTS”,
Neurourol Urodyn, vol. 21, pp.117-125, 2002.

Van Mastrigt R., JJM. PEL, “Towards a noninvasive
urodynamic diagnosis of infravesical obstruction”, BJU
International, vol. 84, pp.195-203, 1999.

Kenkichi Koiso, “Urophonographic Studies of the Lower
Urinary Tract : A New Approach to Urodynamics”, Tohoku .J
Med, vol. 151, pp.57-64, 1987.

Terio H., “Acoustic method for assessment of urethral
obstruction : a model study”, Med. & Biol. Eng. & Computer, vol.
29, pp.450-456, 1991.

ol 31 | Auvgust, 2010 309



