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Abstract

In this paper, the perceived loudness metering algorithm based on ITU-R BS.1387-1 was investigated and
implemented, and its performance was evaluated by applying to 23 pure tones and 9 digital audio samples. Error
of the tone test results compared with 1S0226:2003 was below 5%, and sample test results, in comparison with
Moore's algorithm, showed deviation of less than 4.7% and correlation of 0.96. On the other hand, it was
investigated how the implemented algorithm’s performance was subject to auditory pitch scale. Its result showed
that the algorithm with 37 auditory filters, through correcting a bias effect, has a good performance of less than
2% in comparison with the one with 109 auditory filters.

2 ¢

B R AE A9A ot 4 B g 7aekel ITU-R BS.I387-19] 79 2dg EG= ghe=yss
ARHoR FAT 5+ JE dnAFE TN, 1 A5 B £ 9] AT GAY Ao A gt
Brrstah w80 A% 150226200394 AFsHe 4E dolEls vas At 5%0]5te] L4E molv], HAE
AEE 4¥ ARE Moore Rele) FAAvs Mad o 47%0]5He] RSt 0960149l ;o] HE vhehyel
e 4%e AT #8 7Y FueFl A8F 37Uy Fol WE Y5 WRE A5 A8 249 W
AE UAY AeEd Hgagith 1 AnE BAse nul, 37719 3749 E 2 7 FnYFol vheox
e A8FOoRA 100 BEE AESHE A9l el 2emlwe] 0E 2 FEF 45 X T 4
A3k,

Key words - perceived loudness metering, ITU-R BS.1357-1, auditory filter band

AR I gt ore BeEUs ASIE oheE

| M= I %ES A F2 o Aeolw, EYAl +F

o gqrEMe 2ol vad A9 Fug $Hol

Gl e @ mead A4 Amoe el we bEAw 4gd Aol ;

OAd WEoAe AEee Zulzxd wet 53

* School of Information and Communication dlo] FAMIE w9 §WE & Ak AF B9 7

Engineering, Kongju National University) 2o} e o4 9Fe ZEIxES EFOo ZW 9 o)

Corresponding author =% AW AW, e e g4 ugE o

Manuscript received Dec. 14, 2012; revised Dec. 19, o] Aolgl= 0o FEIZEZS uW$ HO ZAw
2012; H: accepted Dec. 21, 2012 - o

98 HAA "ok mebd BEe Faske IR
psk@kongju.ac kr, 041-521-9198 P A ek s s f

(395)



114

QAT A 7 e $E ZzoAgk Wo| Aol
Belo] Qab & dwo] A% FAHE 9T A
o]},

g fs Hze eve =Y A2 AEH

171 detdlelBHE o] &3t &3 8-S A st
A R 7dd Ay e fHEs IS
st k. ol#F Aol A
=ukg vetElolE &
%+ Zgado &3 s

or>~

JHUHU

A

rir

g o o w4

B o o
. of

|

stH, ZA4YE 5% #HE 2l &3
A717F ety gl QIzke]l FaAH o R HAA =75 A
sl A7) (29 =Y 2, loudness) o] o] oF o},

=3 "ol FaA Qe #e AFE 54U
Zwickere] ATF-[117F <+3H& ol FH 1975W ] A

FEot ISO532BE A& =] 9l an

2] Moore[2]7} 7lA38tar B &

[5][6]& skl Al AT

Moore®] =22 o]xe] wofgh AdFAH A4}
=

=4
Fole AREA

(3114, o1& Ed= <
sto] 1997 %e] =g

S EUZE 9o ¥ G54, AFE ¢
A FAFoR BA F5S Fota o] E
gata gtk aEy o] e YEF ol 15070
ool HAAEE 23 ZAOoE FRFTV|We =z dm
U5 T A9 A Alztel YR o8 Adte
wA o] 9lrh[5][6]

olo] wal B AFME 2T SH Auz
A4S 93 gF@Euerel ITU-R BS.1387-1[14]19
B4 Axs EYE H9oys AF dudss =
E8ta, 11 AZ4FE e Fo ©E 54 A B4
gogM HAAHHAM HAAHoR F& 5 F
4 HBeEyaE ARdon 4T § de AF
7] FEe #8 7eAS Astaz v, o =
=2 &F Badd 2o UL 5% @9 vy, & g
FE=UZ(loudness) PIHE T8 £ e EAE 7t
H3laA )

1. ITU-R BS.1387-1¢] FFT 7|¥t FZ4 2d /A&

Aok ITU-R BS.1387-12 2tle #2& A4
o2 Hrislr]l 9% wHE fFAS ol ofe
FAE Hrtslr] A8 AskE ook ﬁ}b v 714
¢l st EHEA o7]H" A vk =Y 2 (specific
loudness)7F Atk weps] o] AL % EdE Atz

(396)

Journal of IKEEE.Vol.16,No0.4,395~404,December 2012

n
o
3 %
Lo
=
1
=)
—
S}
9

o
i
Do
P
b
o
ut

r\d J:L [

(ghort Term Fourier Transform)<S =
T-sle] AU E Z7)7F Z2dET 9
solsh Fol9
7VEAE W

Hol2 AgdyE ~F9E-S 32 (pitch)
F71 flske] Qol/Fole] A7 A&
At 9 (critical bandwidth) &2 &
agn FaedE e
‘—HE‘@L%~—‘?’— i—‘j]—E]'—!y )\Eﬂ]EE’] uH/x?]qu_ /\]7].oﬂoﬂ

R E PR I M E EE R RSP

R I
(m e o

2 o B

Z /\ = (e} T
T g 54& ze
3]

18

o
4w
o ot oo 2 @

i)

do oo
o |
F“__

=
[t
m oz
rio
ol

k)
i)
tlo

Sob e ol
{
|
i

ol
o
X

o3y grol

[ Temporal window & FFT ]

[Middlefouter ear weighting ]

Grouping into the auditory
filter bands

[ Adding of internal noise ]

[Spectral domain spreading ]

S, N .

Temporal domain spreading
(not implementing here)

Dnsmearad
excitations

]
[ Specific & total loudness ]

Fig 1. FFT-based ear model of ITU-R BS.1387-1
91, ITU-R BS.1387-1 FFT7|®F 7o =4



Performance analysis of subjective loudness meter with ITU-R BS. 1387-1 algorithm for digital audio

o] dojxA Hr}
Qloje} Folo FuF I EALS FI

2 YeuE 7bEA 2 Jede, FET7 4

~HEH It Fu Lrtow AAwET

2 7MY FI5 WY S 80HzolA 18000Hz77}Z1

7]__),]]_}]0] g s 7(40]?#

=] 7}

aa 2§

)

rlo

Fol @
4§

E] =

WA A =

AqUAE 4=

ZbdE o] Foe a25S A A sh=d, A
auditory pitch scale)& t3 2](1)°
'Bark’'g}at A9k Zwicker7} A

2o xALE on A4l

[>
2
e

Bark] =7 « arcsinh( f/HZ)

F()[Hz) =80+650 - sinh ((i—1)

4714 rest QAU AFEE o3
9= Barkolw | iflAl A ztdE 9
fG)o]lm AF3to] f(i+1)o]
(fG)+f(i+1))/20]tF. B AFo A=
= F 47HA SR sl /gz}_ﬂﬂd e
A5l waana @
A A e
& gz,
FFT 41 2]

ol

% AW AZ 542

TrEEA S EA
ol L xJe &z
= 'Pitch patterns’ &}

oy

N
o
N
N
N
ol
%
o2
)
J
a
3
g
=R
o
K

(397)

115

gt gt &, 71271 vs A oa AtE

s UZ;/[Z’”” =—24— QE’EZZ +0.2 « L[kn]/dB (3)
Sl[k,L[k,n]] = 27dB/Bark
o] 7] A4 L[k,n]:1010g10(Pp[k,n])°]1, 7} Az} E
%9 oA el
Fog G99 IS 7 Fag(I A
283l dojA = G e g A((6)9 Tol %
A},

(5)

o
®
N
&
&
2
|
1o

il
i)
f
oo
ofo
ol
ol
2
2
NI 04
=
i)
2o
e
9
RN
i
°

ot
rL:K

|

)
of

N o

L o
o,

[>

It
|

flo ob o X of
[
)
A
P,E
2

L)

Lo {0 N
N
N

2 E AFedA o

oo i o Ho &
o
N
&
[o

0
[
o X
5{!3 2 ox
B

R
1B
>,
N
tlo
rlr Xi
N
A

poik
L
o
<
o L
AL
o
0?~
oo
X
AN
=2,

o
{
N

a3kel A7}
AL HA = g
Efiﬂ"“’l & de=

RSP

&% a4

e ¢
Lo,
ox
do

2
2
iy

2t 0wt
Fstol 73t

(6)

= WA 3L, max(N(k,n),0) =
ol 4 mlgk-=uU2 Nkn)gtel Alxbdel
< 7Hd F7F ded, AAEZE 59 #el

AA
4 o7t glome g9 gom wEY] 9% A

YR
P Emax(Mk,n],O)
E=0

Fol

E
Ach
UIN N

G F J& A EHA
E AFNAE 4 9d

1% wav £ dolE
o 40msec 7|2 ZH Y

L

o] Al

3L



116

Ao dolE EJIE £ 2048Z I I F
H&ol 50%°1BR 10247 EQIEV FHHL o &
FAoz mdsd g3y 2o

[k, n] =t[1024 X n+k,]

7|4 ne& ZH 9 W30

)
3, ke @ Eddue

FheEolth. aE]al AA @ ZAH(Playback level
scaling) & %’431] 443 TtEAE AE3tefor =
o 23} o] AXEE JHEAE FFT Agd =
A dlelgel Fabd "l
102

fac= orm ®)

q7IA L= Zﬂ*ﬂ’a =% dE(SPL: Sound
Pressure Level)e]3, 'Norm’9 #< 42 23 E
F35 10195Hzo] 3L, 0dB & 2=A1Y<l Apel 1
AE5te] 10Z o]l A FFTY F34 A9

dgres ARgdth AlEdeld 23 Norm 01512

A4k
AT TAF 2F A9 AZ FaeFo
8% I/ A3l 214 T 4 gaw

< (pure tone)9] -
d%ﬁ} 1 9ste] 150226 2003-4
1;}0 oz A4 ;] ]1—3 A
L3 Yl =AANE )&
ATAH7F 1S0226:200301 Xﬂ,f&a};ﬂ
Z4Anel Blusty Bowxn 1
A gk,

FollA AL JANY 3
B4% 2 g5l o

=
]

e el el
me T

TE¢dd &% 58 49

oo A8 AFRE 7] A8 SFAYE LT E
¢l CooleditE ©]-&3te] ISO226904 A 2371
(80hz~12500hz)¢] F3o & +=5& et o
2y FE|® 48kHz ®¥ F3}4= 16bit, Tl A
BFSS zte= 02%9] HAE A= Jd2

) &)
=
o

o[t rsL ]kl

(398)

Journal of IKEEE.Vol.16,No.4,395~404,December 2012

e FEE 5 U duEFel e
TE dngFe HE=E @Eenr] sl 20dB

FE] 80dB7HA 10dBiHA o= F 79 Totdd

age dis ge=ysE ASsel Moore 2E A

= Adel 1S0226:2003 dlolE ¢t Hluwstgom, 1

AF7E a7l 20 AAHAT A )
9 HHEE 0252 sto] HAEE FE 109702
sto] Fd® Aot
ANE Ay EE Moore Bdolup F3 dagF9
T2 274 A7 Stuidel uisl 1S0226:2003 H o]

o
Fols Bt FAHOR AR
o F9] 315hzolske] @& 39

A Foh5
e Fog GelAE exrt 2

Zal

Moore &i8]&F2 &9

gketa, 207 30dBOlA =
By sart 34 2AF 5, 50dBe] e
o= FHX7E Rt @A e
S dAR I
Ro]FErh 1kHzeF 2kHz Alo] €]
w3k o AEek T4
A3 10kHz T35+ 94

o)1
o

oL

o] 40dBY =

el ol

N
-

A
[e]

e

11O
=

e
ot

o ;94 H
o

M 4 do
1o oo o 0 do o

5 =) ot o My
tlo
o i‘oi Y |

w

flo

=

g

o

N 2

i\
l
2

Ao Fag 8
e e
T T °é°ﬂ°l 315Hz ~6300Hz
A A B A o]

ol do m

N
N
Ny
N
N
z
=l
o
i
[
o
>
o
N

A =
Moore®.t} & dagFo] e o
o Fom, =2 Sguuds
50dB °]4e] 3
el F
OL—T’—‘ﬂio] Moore
FobA 30dB°]’“°ﬂ*

o us e l%:—*éo]

50601 5te] ©AHE melth

A

_|_4



Performance analysis of subjective loudness meter with ITU-R BS. 1387-1 algorithm for digital audio

90

80

70

60

50

40

30

20

Equal loudness contour for pure tones [phon]

10

& n n i ik
10 10 10° 10 10°

Frequency [Hz]

Fig 2. Loudness comparison of pure tones with same sound pressure level

1* )

w4 Aoy
37 913t

DO

1502269 w8l Moore=

Error Ratio

o A BAE B3 43
EARoR :EH AL T3
09337, +d LieFe o olrh

92 Seddd £8 SgEUs A b

(/‘31/32180226, o:Moore, ® : Implemented)

—+— Moore

-+ Implemented

—&— Moore(315-6300hz)
-z~ Implemented(315-6300hz) 4

Tone level [dB]

Fig 3. Comparisons of the calculated loudness for pure tones
a9 3 w8 geEUs 54 o v

(399)

== 0992824 FAMA EX M= 73
n Ve B AT A TEe g

117



118

Y. 4% 2He AeE A8 AY

Journal of IKEEE.Vol.16,No0.4,395~404,December 2012

A 2 84 A

a8 4o Ao Alg® URE AlL= F Fue

K2
EU2) 54 A% AN

AZ ete Ae=s OAE 2He Fdlx &4 A S dEe 90dBE A Ask k. 2 49
S REEH Holgk erje #HE 9N AE@2x~5x T /‘1 B oupey Zo] 8 dugFe ALY V&
HE FeA Aoy A= #@o] 0dBFSo] HEE Moore &ig]Fe] A&Axet Ao FAshA e
Cooleditoll Az 3kt AEg ALE=5LS ookt o duEEe SAAAN zHyolds 3t
~HEY S zhe= JAFF(FYZAT] I, H5, F HH 09601449 & AAEE Holw Ijolx Hib
28 F), AdS(TE, dd), A §4 Fol A47% =2 FE A e ok

a3 FE dagES AFE 2t AeEd A %, 74 d1EFY AF Aol UA"E A=
&3k A3E vl AFE7] fste] &5 459 Fisl AT F Ad5S ¢ F A
ZE7FA & Moore ¢ild]HS A8 At

S0

3 2 = =

Loudness [sone]

s

() AZ 99 () =% =2

L L L L
0 02 04 06 08

L L
1 12

Time [sec]

=% A3

L L L
14 16 18 2

Fig 4. Comparisons of the calculated levels for sample digital audio sounds

994 AF v ASE 2% du 34 A% v

3. 37 99 Fo] @& AZF AT 4 T dFE T AT mepA] A AN A
FEEE AA BR7F HERE o]F trade-offsl”] 9

Srell Al gk whel o] 2 AFoA FHET du Me A4dE Y Fo nE dT WskE SAEY &

g5 49 & d2A & F# iy AAH o= dart drh

A7y o AFzbEE e 7 Tkt gds] Aol A7 E o F& AN HFEE 0.25 05, 0.75,

g Fold Folgk A4E F vk 2y duEE 1% % VAR st F3ke] B 10970, 5571, 3771,

o Bmel At F7HE Flolt), 28707y Z42F AojxiTh S AelA 109791 As-=
A A Z matlabe] 259 A E}e] ™ (stopwatch timer) HEG YA 37kA] Ao s =29 #Fe=yY

71%5& o]&dte]l 7d duEFe T8 ZYd AFHA 2 ZAshal 1902260] W FA g Fate] AA

7 AREE Bl nY g E A= 3 2y gk Zlo] 1§ Solt}

Aol i AL ST B9, temporal =S U SHLLAE A¥Ed Sodde] w4 E H74d

FFTALE 542 0.38%, F7d8 259d dux At Hel 71 Ae&FE A7 IA vEhd, S5tddE

E92 85.23%, spectral spreading #1-& o7]9¥l 7l o] 50dBel o olo| ulel QA& o] 5%t =

2 B 142/01‘4 o] 23E FHALE & F Ux FEEdS & Aok

o] A7 H ] = 78 dugFe At 7 AA TegEEs o &5 fge=Eys ARE

(400)



Performance analysis of subjective loudness meter with ITU-R BS. 1387-1 algorithm for digital audio 119

IR A 7EE e —?7} 2S5 E F8 T4 99
(315~6300Hz) °ll A 2 % (fluctuation) ©]

olﬂ
>.
0 -
o
0,
lo,

AAAA 1502269 %ﬁ mgoRyE HH wol U
b A AW & 9 Aotk olAe Yy
o 47 2olEAl gozA Fus Ra ol Wol
AA Ak AL oJvlss Aol

o WAL Fud B Au FAEES 34
Fomm B8 5 v EAACR 18022600 o
& 37488 o B F9Aste Tl T3

— =
of B 10970, 557, 3770, 2870 ] Z}7he] A 9o o
3] 0.9928, 0.9913, 0.9893, 0.9528= uEl}m 237§¢<]
AS Aol 43t Fo] AL & F 3

0.7 T T

W9, AAgee) £8 sl FAE FudFE
HE oo Agcel Hgstel 1 AE BUGoR
W AAAQ AAPY 5o GFL BAdaA @h
o714 %A 4B orle AgEE o HdlA A
9 AeEshE thE Aoz go, avle s, 95
oA T MES Aol cooledit® K=, 16bit,
I8KHz HH o2 2Rl HEAATh AR 04"

o9 =

holtt, 74 dagser AL o A

4 Hae @xﬂ Aol Al QAo A4 AEE

of=A =
=

60, 70, 80dBe] 37FA¢] #AWS A8

06|

Error Ratio

Moore

--+- Implemented(109 filters)
—e=  Implemented(55 filters)
—+-  Implemented(37 filters)
—  Implemented(28 filters)

tone level [dB}

70 80

Fig 5. Comparisons of calculation errors for pure tones according to number of auditory filter banks
& HSEYR AR SR vl

2% 5 AZARE ol hE &

607} 80dBe) =4 A#E Ediz 1097/ BEF 7|
zoz %4 oAE Fatol 19 6o AL =
4 eAtE 2 AWud 57 Wy 7‘%7} 7w ézg

28

Y sl el A st Auel asholdh

olej gt @abol WA olHE A3 Lolrr] 9
AA 1007) BEel @ »}uw Age F4ANL =
ejoli e Tate] AT 1 %

(401)

ol 3770 BElel A mE 09900 ehii
b 287) HE9] A& 0982 A= LERUA 37
A B A7 o A Ui o ®4 Ang
gz #4de] uy 7 AF ore Alesd g
FoEYs Y = gzEhe 7 Bes

1 4o wigle] et AA g
3l mnlo]o] ~(bias) d/go] A



120 Journal of IKEEE.Vol.16,No0.4,395~404,December 2012

0.07 . . .
—— 55 filters(60dB)
—# 37 filters(60dB)

006} 1 --=- 28 filters(60dB) |

il — 56 filters(80dB)
- s i} -—k- 37 filters(80dB)
® o [l — 28 filters(30dB) |

Error Ratio

1 1
0 5 10 15 20 25
Digital audio sample No.

Fig 6. Comparisons of calculation errors for 21 sample digital audio sounds
a7 6. 210 AFE Y8 A= g SA A vl

ol% Beld] Slskel 74 AF evie AeEel W el 1007) Wele] Aok 37 DA A9 o=
@ SsUs A YEAE ol aenw 1y Uz gHe A9 59 7
79] A5k el UEbA ATk aYTeIA mi= uksl  ojxde] 98 % 4 Utk

105 T T T T T T
100 - &
5
= 95 B
AL
w
i
2 905 5
o
3
8 - i,
- 85 &
2
5
®
@ 80 B
=
— 109 filters
75 --=- average(109 filters) .
—e— 37 filters
— - average|37 filters)
?U 1 1 1 1 1 1
0 0.5 1 15 2 2.5 3 3.5
Time [sec]

Fig 7. The estimated bias effect of calculated loudness patterns from varying number of auditory filter banks
a9 7 AAEE Gol wshel we 24 d9EUs she] ool s @4

(402)



Performance analysis of subjective loudness meter with ITU-R BS. 1387-1

Y 79 A 1000 e FEA g Aol w
npolojs EoHE M4l Ful 37 Welel 49
4 2A7F 428%°1A4 031%= EoETE AL

=

[e] =
R

7 22 HAE Holal o, 60dB A A
ME 2878 BE B 379 Agel ulE

RS o

i

o
Jatl

M 2 2 o
It
ox

oX i ox & off
22 g e

ol

ol

N
e o
oo gy

oo M e
2,

ol
-

fo ob
=

J2rUE ) 58 AHEAA ol me

AS A5 150226:20039]
1S W 1097] ZEE Zte 7 g
9 A7} Moore dazlFRT o} Ekon,
g o] AE TAY ot Ab=d A8 A
g F3 Halste] B Hit 4.7%0] 319
0960142 =

o
1,
10
i)
£l
ofr
ol
38

o
a

az

Moore

e 7

oo o to

> of

(403)

algorithm for digital audio 121

5570, 377W, 2870 ¢] FALEE e 7 E dagse
77y Agste] A wAe A, A4dE 7 E9
EWA F-EU2 vlojol2 FAgo] WAERRE ulo]
ol BAFS ALsW A dHEE F2 45E
T = Ue stk 2870 HEJ] A= 54
eAbel WAL avw 3] dEHE e 7d g
ol Hiololx HAFZLS A &3te] B 1097 EHE
Zb= A gol vlE] 2%vEhe] S AE Zte $nd A
duPFE IS F Arh
References
[1] Zwicker E. and Fastl H. "Psycho-acoustics,

Facts and Models”, Springer Verlag, 1990.

[2] Moore B.C., "An introduction to the psychology
of hearing”, Academic Press, London, 1989.

E., Fastl H.
"Basic-Program for Calculating the Loudness
of Sounds from Their 1/3-oct Band Spectra
According to ISO 532B,” vol.55,
No.63, 1984.

[4] Zwicker E., Fastl H., U. Widmann, K. Kurakata,
S. Kuwano and S. Namba,
calculating  loudness
45631(1S0O532B),”
pp.39-42, 1991.

[5] B.C.J. Moore and B.R. Glasberg, "A Revision of
Zwicker’'s Loudness Model,” Acustica, vol.82,
pp.335-345, 1996.

[6] B.C.J. Moore, B.R. Glasberg, Thomas Baer, "A

model for the prediction of thresholds loudness

[3] Zwicker and C. Dallmayr,

’

Acustica,

"Program for
DIN
vol.12,

according  to

J. Acoust. Jpn(E)

and partial loudness”, J. Audio Eng. Soc., vol.
45, No. 4, pp. 123-177, 1997.

[7] Schroeder M.R., Atal B.S. and Hall JL.
"Optimizing digital speech coders by exploiting
masking properties of the human ear”, J.
Acoust. Soc. Am., Vol. 66, pp.1647-1652, 1979.

[8] Beerends ]J.G. and Stermdink J.A., "A perceptual

based
psychoacoustic sound representation”, J. Audio
Eng. Soc., Vol. 40, pp.963-978, 1992.

[9] Beerends J.G. and Stermdink J.A., "A perceptual

audio quality measure on a



122

based
psychoacoustic sound representation”, J. Audio
Eng. Soc., Vol. 42, pp.115-123, 1994.

Terhardt E., "Calculating Virtual Pitch”,
Hearing Research, Vol. 1, pp.155-182, 1979.
[11] Karjalainen J., "A new auditory model for the

speech  quality  measure on a

[10]

evaluation of sound quality of audio system”,

Proceedings of the ICASSP, Tampa, Florida,

pp.608-611, 1985.

Cohen E.A. and Fielder L.D.,

noise criteria for recording environments”, J.

Audio Eng. Soc., Vol. 40, pp.384-402, 1992.

Standard 1S0226:2003,

equal-loudness-level contours”, 2003

[14] Recommendation ITU-R BS.1387-1, "Method
for objective measurements of perceived audio
quality”, 2001

[15] Seonggyoon Park,

[12]

"Determining

[13] International "Normal

“A Study on Real-Time
Algorithm Digital
Broadcasting”, Journal of KEES, vol.16, No.4,
pp.427-438, 2005

Loudness  Metering for

BIOGRAPHY

Nguyen Vo Bao Ngan (Student Member)
He received a B.S degrees from

the Department of Physics and
Electronics at University of
Science Hochiminh city, Vietnam
in 2010. He had worked for

Renesas Design Vietnam Co.

+ | ,Ltd for one year.
Since September 2011, he has started to study

a master program of Information and
Communication Engineering at Kongju National
University, Korea. His research interests include

mobile communication and embedded systems.

(404)

Journal of IKEEE.Vol.16,No0.4,395~404,December 2012

Park Seonggyoon (Member)
1985 : B.S. degree in
Electronics Engineering, Yonsei

University.

11987 : M.S. degree in Electronic
| Engineering,, Yonsei University.
1994 : Ph.D. degree in
Electronics Engineering, Yonsei

;

University

1994.9 ~Present : Faculty of Department of
Information and Communication at Kongju
National University

<Research interest> communication signal

processing, Spectrum engineering

Soonghwan Ro (Member)

He received B.S., M.S., and
Ph.D degrees from the
Department of Electronics
Engineering at Korea

| University in 1987, 1989, and
1993, respectively.

4l He was a research engineer
of Electronics and Telecommunications

Research Institute and University of Birmingham
in 1997 and 2003, respectively. Since March
1994 he has been a professor at Kongju
National University, Korea. His research
interests include pervasive computing, mobile
communication, and embedded systems.

Han Chankyu (member)

1991 @ B.S. degree in
Electronics Engineering,
Kwandong University.

2001 @ M.S. degree in
Information and communication
Engineering,, Kongju National

University.
2011 : Ph.D. course , Kongju National

University
2005.6~Present : STA system corp.
<Research interest> Spectrum engineering,

Mobile communication, signal processing



