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A Comparison of Cardiopulmonary Function, RPE, and Blood Lactate
following in Wheelchair Treadmill and Arm Ergometer GXT Test
through Convergence
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Abstract The purpose of this study was to compare cardiopulmonary function, RPE(Rating of perceived
exertion), and blood lactate when examining the GXT(Graded exercise testing) of wheelchair treadmill and arm
ergometer. Participants were 11 wheelchair basketball players with non disability. While examining the GXT of
wheelchair treadmill and arm ergometer, cardiorespiratory functional capacity was measured by using Quarkb2
and Polar and RPE was measured through Borg Scale. The lactate analyser, YSI-2000 was used to measure
blood lactate level when resting, right after exercise, two minutes, four minutes, six minutes, and ten minutes
of recovery. Data was analyzed by paired t-test using SPSS 18.0 program and significance for all statistical
analysis was fixed at .05 confidence level(p<0.05). The conclusion of this study is below. First, maximal
oxygen uptake which is a factor of cardiopulmonary function showed the highest with arm ergometer, the rate
of respiratory exchange showed the highest with wheelchair treadmill, and maximal heart rate showed the
highest with wheelchair treadmill. Second, subjective exercise intensity showed the highest with arm ergometer
at the end point. Third, blood lactate level showed the highest with arm ergometer right after exercise.

Key Words : Wheelchair treadmill, Arm ergometer, Graded exercise testing, Cardiopulmonary function, Rating
of perceived exertion, Lactate, Convergence
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<Table 1> Physical characteristics of the subjects

M=£SD
Division Number Age Height Weight
S () (vear) (cm) (kg)
21.36 17586 7279
MeSD 1 +157 56 +866
2.2 A8

60(701‘3}

2 8
A, 9, 4909 54 9 AR RA A 4
8 4 WTh AES] A1A%3} RPE AH88, 558 Al
AFaeT AGFF A Al thstel g A

EREE 498 F

=
B Age Yoot S5A% 89804 Agstelr,
e}

]ilo}oq GXT 7

e} = U
wuleledth ma @A) A9 A 2447& 5 8%
S AR 7 2 DA Ha AFY AL T

SEAAE A FHCE GXT 5ol 385 usks
(Respiratory exchange ratio, R)¢] 1.150]4}, Al8k<=7} ¢
ZA418kEe] 90%0) gl P dlS A9, RPE 17°17% 1

TS 4 %Oﬂ Xé ataitt.

j
Ao 2AHA A8t e RPEE GXT protocols
o] ©AZ} vty E= A 10240 A8t F =47]7]

glol| 4] WT9] protocol A174-S 93] ACSM[18],
]onathan 12313 Zﬁ%ﬂ]##ﬂ?ﬂ‘?%"ﬂ’ﬂ o] A8
e ZREZ F PAME 5%l oA e T2
EZS A3 Balke-ware, Bruce, Naughton, K.S.S,
Ramp protocol < 171& AA37] 918) 5782 tidA=
ol Al F-=9= 2.2 Pilot TestS AAIgH & 25X &A1
o Y& #&v Ui AR edar Aok A= ¢kel 3

kel 78 =4 Yebd Balke-ware Z2EFS AA
a3tk pilot tests AAIEH A3+= <Table 2>} Ztt

WTe GXT ZAIZ A}&-#H Balke-ware protocol
2% 73AMEel| 3.3mph(53kph) &= 13 FeF A2 5to]
m ekt AANEE 1% S7HA713L &= 1A sl
All-out}e7H4] &5 AA8kdeh

<Table 2> Result of wheelchair treadmill in pilot

test GXT M=%SD
Protocol Number of V Ogmax(ml/min/kg)
subjects

Balke-Ware 2968.20+473.14
Bruce 2524.60+327.07
Naughton 5 2753.80+495.11
KS.SI 2780.80+525.41
Ramp 2743.40310.00

05Kp= A &ske] Zh
-5Kp‘il l‘%‘é}% T7MA GXT AR
23 60rpmE 2 frA] 8]

FAE < gls W7 —f— 42 A8k <Table 3>}

<Table 4> & AgA AR WTZ AES] protocol
S UERd Zoltt

<Table 3> Wheelchair treadmill GXT protocol

. Time Speed in mph Grade

Protocol Stage (min) pe (kph) P (©)
1 1 3.3(6.3) 2.0

2 1 3.3(5.3) 3.0

3 1 3.3(5.3) 4.0

Balke-Ware == T 3363) 50
5 1 3.3(5.3) 6.0

6 1 3.3(5.3) 7.0

<Table 4> Arm ergometer treadmill GXT protocol
Protocol Stage Speed in rpm Kp

1 2 05

1.0

2 2

3 2 15
60

4 2 20

5 2

6 2

Time(min)

Astrand

25
30
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VEAZ Lolir] 13 4 tteste] Aal= <Table 5>9F
2ol WT GXTA HuikaAd 3 #3he 2696.82+250,75ml/min,
AE GXT A oAb 3 w2 3104.36+537.10ml/min o
2 UER} AE GXTolAM Ao 2t ##F grol o =4

Epon, & %—37171 R ERREEEDES
S|

3.2 SHweE 23}

GAlo] 5 150 WIh AE GXT A 58 m8Hgo
WE FEn FEAA D FelF Aolrk dEAE Pol
] 1% Ak <Table 534 2l WI GXTH 5

o

TS 116207, AE GXT A EFuehe-E 080602
L}EM WT GXTelM Z5Fush& ghol ¥ =7 byt

o, ¥ 24717 o) EFBE] F5F0] 000
2 EAR0E FelR Aol 9k AR ek

7 AE GXT Al Hof At
ol Apol 7 QLA of
2 dolr 7] 913 Aub= <Table 5> #o] WT GXT
Al A AlMEEE 162.36210.75beats/min, AE GXT A
o) AdkeE 159.0949.38beats/min .2 e} WT
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<Table 5> Result of cardiorespiratory functional

capacity
Variable n Result t df| p
v WT | 11 | 2696.82+250,75
Ogmax > 951 | 10| 031
(ml/min) AE 11 | 3104.36£537.10
WT 11 1.16+.07
R AR m 0305 8141 10| .001
HRmax WT 11 162.36+10.75
(beat/ 850 10| 415
min) AE 11 159.09+9.38

3.4 T84 FFHE A
Ao} s 52 WIa AES] GXT 34 Al RPE
of 3t A& 5 5 AN ity xFHA
ZFo] A= <Table 6>7 o] WT GXTAl A2 2}
F Aol E 79141303} 1827+1.900.2 77} LpEpyto
H, AE GXT Al AlF# s+ 7.36+1.03%
19645102 e} WT GXTOM RPE 49| #tol
AZE A e o u 5 A A CA = AECIA Y
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7] veldth. F 24717] 1] RPES] frel528 A
Aol 3R EAGOR o3 Aol7t gl Ao
2 ekt $2 AR A BLE Fo15 Aol7h gl

Ao Vet

<Table 6> Result of start and end on RPE

Result
Variable n t df| p
Start End
WT 11| 791130 | 1827+1.90 1.684 10| 311
AE 11| 7.36%1.03 19.64+.51 -2.507 | 10 .031
3.5 @54 v A¥
Ao s Ao WT'ak AES] GXT 54 Al g5
Ak e oS FA], S5 A%, 397 28, 4%, 6
2, 1089 Ftst BEAG % 7919 Aol9] Avhe v
&3} 2.

WT AE9] GXTA §2]7]el A= <Table 7>% 2
©] 217} 1.33+ 46mmol/19} 1.40+.3lmmol/1Z AE®]IA] %
= ¥ e, i $4717] 2tel dF 2t s
frolede 12302 SAX R Fold Apol7t §li= A

o= kg,

<Table 7> Result of blood lactate concentration
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il e v Ml
+
exz(r)iitse \ZET ﬁ 569245i18%2 195 10| 468
+
RN e v e Bl Bl
o P e ] o [ 0 [
RS e v e Bl
oy o] 0 | 0 |

4, =9

& A7 Ao s Aol WT AES] GXT =
4 Al A#715 ¥ RPE ‘;—4 g5 s E nlulsk]
WT AES] A A<l wkg-& nlusty] flste] AAlst
et

4.1 A#H71s

2 Aol A A EY =3} ¢F o 2a1m]E] &) GXT
SA A Ao A FH el vigh Aol A g o =am|
7} Aol ed =R £ o 27 Yepkon £A44
o2 folg Aol2 e ol [2425)0] Aol 2
ol AR Ao HAlo] AAZL maas Lvhael
ddzTo oaln) thelmiy 2R ze) Auss
7} B% A|gtE ™, Balke-ware Z2EFS AMgato] &
Aol =7 Alo] =& AAIRAE AAE A 23d
T glo]l w8l sk FHE FAsHRY dAE 1A
A71a she ok dZunHET 28] 5 5401 M=
Alzro] ¢ o] & EFo] FHo7 AmslFo] 7h
gfstar ol whet W 7hA] kS UERiTh W}E‘r
Al QF ol 23] E] o] GXT 54 Al K} JJTH *V\*éﬁ"ﬂak
oAl BHA et Ao= AlsE
3t o o Zam o] Ak %t&%

g =] ‘7%8 el s

PN' r

of M2 g8 witog Fg wA Uehd Ao

()
%
2
X
.
fu}
o> d
=
&
gﬁl
o,
inj
M
X
)
i,
X0
o
A
—n
[
o

7171 zkell Hv) Aubaerh EAH ez frel 3 2ol 7t gl
= AoE YE
ole gk Ad= [2931,143219] A9k FAMGE A=

A Fo) $5 A AuEEe BAo s s 8% A

Journal of Digital Convergence | 557



FRES BT DA0) B Jolzunle FSEHEEAA A A5, 25T L s v
off FAETE oA A vhe AAIR o gl el AlojEd=Ee] o Oﬂ e Rk e A ek
Aol E dojuls F7 TS whahiA ol2d w4 ov, o] IFA oA dEhhs Jo® Al
A EAZE AR S SRAIA Ak WEkE xdehs v, ACSMII8]ellA] XM & 8mmol ©]de] Apo] k= vt
Aow Alndch =, Ao AaAHT GATE 2 R0 [3]9] ATl 2 ZF] W Fe 25
o A2 F ol vlate] o 25 FEl ko] Aol A= o 2 DA T gae AR vho] ol kol
7} Ax= FARE, A E =] oF d2amEe] Y] wiiel] ¥ #& ATPE ARdhs JoR AAG 4
5ol wate] a ub St A ellA e Al st 3o} frAkeAl LERsIT
Telo] Asterial & ¢ glvk ofeldt A A Ak T gkl [5,12,35]9] Aol A Aol A2 2SS
2Rl o3 A Buhe AAES] dFeR U 2 ¢ AMFoRMA A 2 3479 2 eE it
F AR B EES ST A A Tae A fARE AleR oF dl2amEe A TR gt
ol Ak S7kell o9 A7) 2 Almgrh o, A, dlg TS ARSI EA e =Y
MM E Ao T& HEw ALE{36]EH] Wil &5
4.2 AAA e A= 5ol SF | ZAr BN BAojEA =R AL 2
Ao} F A5e] WTet AE9] GXT 54 A RPE &2 Al8o] &% 230] 8% 24 1wy} =2 Jlo
of e AR &5 TR AFAAMY AdE WT 2 Alggr
GXTelA RPE =<E2] gkol A#H3l2 =7 e ot
23 A= o o 2umHell A o =4 Jehd
T 57717] 2tell RPES] fol5EE AN e 311 5 A=
2 SAMCR FolF A7} gl Aom YEhaL F
2 A A= 0812 S8 2fo]7} 9= Ao LpER: = el 54 dAo] Alge] WT9F AE #-6
o}, el A7 % RPESH E3F sl s waste] 11
o) [33]9] ATNN £F FES Azl goje  ACIE skl Atk sl AREe Ao A
Ak, EFS AL Bol Aeld adle] g Frpe  AUAY, SHARE I AR Sdstel
Ashsl §AHE Aste AAolEd =y} of oj2mmg 88kl RPESH dF Zibs RS Hlwsialth
o] GXT %7@ NAA-AA ztzre] g3} wa)= 2 A7 W HIRel]l Ao A 11 e A
B 5 FwdA o7k 2 JFL viAA e Ao ST, TS WHOR WIS Balke-ware 5%
2 AlREE, 22 doAE $5Hate] wHlo] zo]d| 3F WS ALE8l L, AEE Astrand H5%-af HHHS
A o= Ay Aol golo] 7H7te] ZrER w2 o= ARSSIATE T3 WTI AES] & 574 Al Hdf AH4A]
5o weh] B} wrs L% Awst ARoEy 9 Taudhs, 22la Ao RPE, % st
=13} o} o 2un|El 9] Z7te] $% Hulo] w2 2= = AolE —Er’%*ﬁ}ﬂ fate] T4 1SS sl e,
2 Akgo] zpol& olE)] FA &% AwoA Gojst xp AT ES B2 SR o] HAS T S4d
o7} Lpeht Aow AlmE) WT AE?] %% A AHsE 9 siksE RPES Y|
WA E Ak gt 2
4.3 FAANEL AR, A AR FH S WTS AE 749 frol450]
Qo] 57 A5e) DAl e =t ¢ oz apjy  BLEE SANLE S Aolh A Ao it
o GXT 374 A 8% 24 o] ot oy A, g5 =7 WIZHAE nef Su] skegisge] v 492 &
A%, 3)57) 28, 4%, 6%, 102] Aok obg Aleae R
2ztel W] G el meba epre] Aol g B EHWMIEE WISHAE 42 refnel 001
= Ao AlRHY SEAT= oF o Z3n]E o)A o2 BAHSE fFost AoV} = Ao LpElton,
22 w0 JERTh 587 28 4% 6%, 0Rolqe 8 WIVHAE RO Sspaiehgel ot s A%S uld,

558 1 Journal of Digital Convergence 2016 Sep; 14(9): 553-561



A Comparison of Cardiopulmonary Function, RPE, and Blood Lactate following in Wheelchair Treadmill and Arm Ergometer GXT Test through Convergence

AA, A= WIS AE 7Fe] fof4<e] 415
=AM ol A7t fle Ao yEhon,

= =z

WIVh AR W} Rojetr) oih 58 438 ugl
yl# RPE= WTe AES A A& A= 3

o) Aol7t UEhiA Sigkort, FE Ao (Bl

FOE Aot Y RO Uehda 25| B2

%8
S
T
Pl
mlm_LJ
ﬁzmlm
i
(]
3
=
?ﬁ?
Ho
© T o
g ofN

Tl T
W fo b

o
9>~

ek
¥
32
rlr
)
4

o N

£

in [‘-{ﬂ

=2

. re

rO
o4 =

rl—'ﬂ—‘
— of,

k
e 8= el
il
e oot m &

=4 o &
s

e
.
o o
ok
A
39,
rlr
ax
o
O
o,
oot
N

-

L

O
2,

s

AN lo e oy

g AL 35 o] Folxfof g, Edlo
el 8l Z7e) ARl A A2

o ox o

=

=

ol
N
2o
:(’)13
o
3
=
El
L
N
olr
ot
(&
il
hu

J

REFERENCES

[1] Ministry of Health and Welfare, "2008 Disabilities
Investigation,” Seoul: Ministry of Health and
Welfare, Policy reports, pp. 2009-2016, 2008.

[2] Korea Employment Agency for the Disabled Job
Satisfaction of Workers with Disabilities, "A study
on the work satisfaction of disabled workers,”
Seongnam: Korea Employment Agency for the
Disabled Job Satisfaction of Workers with Disabilities
Employment Development Institute, Policy Development,
2000.

[3] G. Y. Kim, "The Relationship between Socialization
Factors and Participation in Mass Sports of the
Physically Handicapped,” Journal of Sport and
Leisure Studies, Vol. 8. No. 1, pp. 317-334, 1997.

[4] Rimmer, J. H, Braddock, D, & Pitetti, K H. "Research

on physical activity and disability: An Emerging
national priority,” Medicine and rehabilitation, Vol.
80, pp. 506-592, 19%.

[6] Van der Woude, L. H, van Croonenborg, J. J.,
Wolff, 1, Dallmeijer, A. J., and Hollander, A. P,
"Physical work capacity after 7 weeks of wheelchair
training effect of intensity in able-bodied subjects,”
Medicine and Science Sports and Exercise, Vol. 31,
No. 2, pp. 331-341, 1999.

[6] Pandolf, K. B, Billings, D. S., Drolet, L. L., Pimental,
N. A, Sawka, M. N, "Differentiated ratings of
perceived exertion and various physiological
responses during prolonged upper and lower body
exercise,” European Journal of Applied Physiology,
Vol. 53, pp. 5-11, 19&4.

[7] Robertson, R., Caspersen, C., Allison, T. G., & Mets,
K, "Differentiated perceptions of exertion and
energy cost of young and women while carrying
loads,” European Journal of Applied Physiology,
Vol. 4, pp. 69-78, 1932.

[8] G. D. Kim, G. Y. Kim, E. J. Kim, "Effects of Low
and Moderate Intensity Treadmill Exercise on
Functional Recovery and Histological Changes
After Spinal Cord Injury in the Rats,” Physical
Therapy Korea, Vol 16, No. 2, pp. 41-49, 2000.

[9] S. G. Choi, "The Effects of Wheelchair Baskethall
Training on Hormones and Lipoproteins in Spinal
Cord Injured Men,” Korean journal of physical
education, Vol. 33. No. 3, pp. 310-322, 1994.

[10] Glaser, R. M., Foley, D. M., Sawka, M. N., Brune,
M F. & Wilde, S. W, "Physiological responses to
maximal effort on wheelchair and on armcrank
ergometery,” Journal of Applied Physiology, Vol. 48,
No. 6, pp. 1060-1064, 1980.

[11] Glaser, R. M., Foley, D. M,, Laubach, L. L., Sawka,
M. N. & Suryaprasad, A. G, "An exercise test to
evaluate fitness for wheelchair activity,” Paraplegia,
Vol. 16, No. 4, pp. 341-349, 1979.

[12] Martel, G., Noreau, L. & Jobin, J, "Physiological
responses to maximal exercise in arm cranking and
wheelchair,” Paraplegia, Vol. 29, No. 7, pp. 447-456,

Journal of Digital Convergence I 559



Be FEF YAo] Edmu ez

=z
A5

H
-

SHEEAA A A1, $EALE 9 2 v

1991.

[13] Whiting, T.B., Dreisinger, T.E. & Hayden, CR,
"Wheelchair
continuous and discontinuous exercise,” Paraplegia,
Vol. 22, No. 2, pp. 92-98, 19834.

[14] Wicks. J. R, Sutton, J. R., Oldridge, N. B. & Jones,
N. L, "Comparison of the electrocardiographic

exercise testing: comparison of

changes induced by maximum exercise testing with
treadmill and cycle ergometer,” Circulation, Vol. 57,
No. 6, pp. 1066-1070, 1978.

[15] K J. Kim, "Analysis of the Detailed Physiological
Capacity with the Graded Maximal Testing in
Athletes,” The Korean Journal of Sports Medicine,
Vol. 17. No. 1, pp. 115-123, 1999.

[16] Veeger, HE.J., Yahned, L. . & Rozendal, R.H,
"Within—cycle characteristics of the wheelchair
push in sprinting on a wheelchair ergometer,”
Medicine and Science in Sports and Exercise, Vol.
23, No, 10, pp. 1201-1209, 1991.

[17] Gayle, G. W, Pohlman, R. L, Glaser, R M. & Davis,
G. M, "Cardiorespiratory and perceptual responses
to arm crank and wheelchair exercise using various
handrims in male paraplegics,” Research Quarterly
Exercise Sport, Vol. 61, No. 3, pp. 224-232, 1990.

[18] American College of Sports Medicine, "ACSM's
guidelines for exercise testing and prescription (8th
ed.),” Philadelphia: Lippincott Willams & Wilkins,
2009.

[19] Pollock, M. L., Wilmore, J. H, Fox, S. M, "Exercise
in Health and Disease: Evaluation and Prescription
for prevention and Rehahilitation (2nd ed.),” Philadelphia:
W. B. Saunders, 1990.

[20] Myers, J., Buchanan, N., Walsh, D, "Comparison of
the ramp versus standard exercise protocols,”
Journal of American College of Cardiology, Vol. 17,
No. 6, pp. 42-134, 1991.

[21] Hambrecht, B. P., Schuler, G. C., Muth, T, "Greater
diagnostic sensitivity of treadmill versus cycle
exercise testing of asymptomatic men with coronary
artery disease,” Journal of American College of
Cardiology, Vol. 70, pp. 141-146, 1992.

[22] Franklin, B. A, "Exercise testing, training and arm
ergometry,” Sports Medicine, Vol. 2, No. 2, pp.
100-119, 1985.

[23] Jonathan, K. E., Paul, M. G., Paul, S. V., Steven,
J. K, "Clinical exercise physiology (2nd ed.).
Champaign,” Illinois: Human Kinetics Books, 2009.

[24] MacDougall, J. D., Wenger, H. A., Green, H. ],
"Physiological testing of the Elite athlete,” Canadian
Journal of Applied sports Science, Vol. 9, pp.
209-213, 1992.

[25] Shephard, R. J, "Fitness in special populations,”
Champaign, Illinois: Human Kinetics Books, 1990.

[26] Dallmeijer, A. J., Zentgraaff, I D., Zijp, N. L, van
der Woude, L. H, "Submaximal physical strain and
peak performance in handcycling versus handrim
wheelchair propulsion,” Spinal Cord, Vol. 42, No. 2,
pp. 91-98 2004.

[27] Glaser, R. M, "Arm exercise training for wheelchair
users,” Medicine and Science in Sports and
Exercise, Vol. 21, No. 5, pp. 149-155, 1989.

[28] Hartung, G. H, Lally, D. A, Blancg, R. ],
"Comparison of treadmill exercise testing protocols
for wheelchair users,” European Journal of Applied
Physiology, Vol. 66, No. 4, pp. 362-365, 1993.

[29] Martel, G., Noreau, L. & Jobin, J, "Physiological
responses to maximal exercise in arm cranking and
wheelchair,” Paraplegia, Vol. 29, No. 7, pp. 447-456,
1991.

[30] Keun-Ok An, "Respiratory Exchange Ratio, Concentration of
Blood Lactate and Ratings of Perceived Exertion as
Criterion for Verification of Maximal Exercise,”
master’s thesis, Graduate School of Dankook
University, 2002.

[31] Gass, E. M, Harvey, L. A., Gass, G. C, "Maximal
physiological responses during arm cranking and
treadmill wheelchair propulsion in t4-t6 paraplegic
men. Paraplegia, Vol. 33, No. 5, pp. 267-270, 1995.

[32] Sang-Woo Hwang, "A Study on the Difference of
Treadmill and Cycle Ergometer in Cardiorespiratory
Capacity,” master’'s thesis, Graduate School of
Konkuk University, 2008.

560 1 Journal of Digital Convergence 2016 Sep; 14(9): 553-561



A Comparison of Cardiopulmonary Function, RPE, and Blood Lactate following in Wheelchair Treadmill and Arm Ergometer GXT Test through Convergence

[33] M. Y. Kim, "Ratings of Perceived Exertion during
Exercise Stress Test,” The Korean Journal of
Sports Medicine, Vol. 16. No. 1, pp. 107-112, 1998.

[34] Fitch, S., and McComas, A, "Influence of human
muscle length on fatigue,” Journal of Applied
Physiology, Vol. 362, pp. 205-213, 1985.

[35] Sawka, M. N., Foley, M. E., Pimental, N. A., Toner,
M. M., Pandolf, K. B, "Determination of maximal
aerobic power during upper-body exercise,” Journal
of Applied Physiology: Environmental Exercise
Physiology, Vol. 24, No. 1, pp. 113-117, 1983.

[36] Y. S. Chung, C. H. Shin,
Cardiorespiratory Function and Upper Body Muscle
fatigue during Maximal Arm Ergometer Exercise in
Wheelchair Basketball Players,” Korean journal of
physical education, Vol. 40. No. 1, pp. 409-419, 2001.

[37] S. G Back, “Effects of Using Prop for Convergence
Pilates Met Exercise on the Immunoglobulin in
Middle-aged Worren”, Journal of the Korea Convergence
Society, Vol. 6, No. 5, pp. 329-336, 2015.

[38] H K Lee, E. H Shin, Y. K Kim, “Converged
Influencing Factors on the Stages of Change of
Exercise in Middle Aged Women”, Journal of the
Korea Convergence Society, Vol. 6, No. 5, pp.
187-197, 2015.

"Responses  to

7 % (Jang, Hong Young)

- 2008 2¢ 1 AAAEhL ASaS3)
(58}A})

- 20100 89 gl shal S Sl
SIS}

-0169 29 ¢ geluista A)&sky)
(A&t}

- 2016\ 8¢ : A4
TJr HW—’FE)

- 20161 99 ~ A :

Aok S, SRR, SR, SEA
- E-Mail : jhy@sungkyul.ackr

4

% (Kim, Jong Hyuck)

1999 29 : it A 7)A] =}
(F53HAh

- 2001 2 - Sk AF AT =
Sl A SaHAIA})

- E-Mail : jhkim4170@hanmail.net

Journal of Digital Convergence | 561



