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Validity of a 12-min treadmill walk test using RPE13 for
estimation of the changes in cardiorespiratory fitness

Masaki Nakagaichi!, Yoichi Nakamura? and Kiyoji Tanakal

Abstract

Recently, for estimation of cardiorespiratory fitness, the authors have developed a useful 12-min
submaximal treadmill walk test (STWT) in which the intensity is regulated by ratings of perceived
exertion (RPE). The purpose of this study was to examine the validity of the STWT for estimation of
training-induced changes in cardiorespiratory fitness. The subjects were 9 obese women aged
42.0+4.5 yr, who participated in our exercise program, which was based on 75 min of step exercise 3
times a week for a period of 4 months. All subjects were asked to walk for 12 min at an intensity cor-
responding to 13 on the Borg scale of RPE, and their VOzpeak and VO,sr were measured on the tread-
mill by means of a graded exercise test (GXT). The STWT and the GXT were readministered 4
months after completion of the exercise program. The correlations of 12-min walk distance with
VOzpeak or VO,ar were found to be statistically significant (r=0.76 and 0.70, respectively) when pre-
and post-training data were pooled and analyzed. The standard error of estimation (SEE) of the
linear regression equation for estimating Vngeak and VO, from the 12-min walk distance were 3.01
ml/kg/min and 1.85 ml/kg/min, respectively, both of which were relatively low. After the 4-month
exercise program, the coefficient of correlation between the changes in 12-min walk distance and
those in VO,a7 was statistically significant (r=0.78). From heart rate (HR) data measured during
the STWT and the GXT, the %HR .y of the STWT was not significantly different from the %HR ez
corresponding to RPE13 during the GXT before and after exercise training. From this limited sample
size, it was concluded that the STWT at a self-selected intensity intended to correspond to RPE13is a
valid method for estimating changes in the cardiorespiratory fitness of obese women.
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F-TU— K 2HRAMEN, BENEREE, TV
YHAX L —Z2 ), RRTHITTR
B

&

WE, HF S (1995 1998) < Nakagaichi
and Tanaka (1998) |3, PEEELHEEREO L
HFAME D EPAF LVHTTF A FREL
2. INETOTA L ERIRD, BRI EEM
EZBWIHEKTO Ny FI VBT 6EHE ¢
HREDPEH THS. Py FININIA—R %
WEETHRTIERMICEL LD, 74—V EF
A b ERRDBRECL U GERFRICOEROE S
ZY VTR A DREDEEVRZITTE, L
b ANEDBRFHBET ONBLE, L ICHEEE
REEREERNG ETHAHEICERTHA. O
T A M, BHTHEE % Borg (1973) © HHEAE
B (raitings of perceived exertion: RPE) @
11 “HTH A" »H13 “PREOW KERET
HEEN—ZHITTH 5. RPEII-13THEE %5
Hid AEME, EERE SRR CH B E
(anaerobic threshoold: AT) K¥EICHEE XN B
EEBRL7-0BTHS. EEHRE NN AT
KEIZHEFRF I NN, B2 PR HOME - |ED
B\ NEROEE - fERIC O R A EE & B Tk
WiR 6, &N L5 T A MCHARTELIC
EHFIAMGNEIHECE5:E206Nn5%.

HFEEECHERETRRE LI ETOH
£ k% & (Nakagaichi and Tanaka, 1998 ; H
i, 1995 ; HA s, 1998), @B EAMMG IO
WHAE Y SNLEABEBERE (VOumy ¥ X
U AT KA ¥ 2BREIE (VOur) L 07
A FTCOHRITEERE & OFBIIL r=0.70-0.80T, #
EREIREROMWE T A + LR THEELZ I
LETHAH. HICHEARNL (1996) LREA D
(1997) &, HFEBAIC>WTH RPEI3Z W
7oK T D125 [ /B O & 2 OO I
BonsBABH»S, EEBRICL- T
VOomax % VOopr # ZHSICHEE TX 5 2 & o i
LTW5. TDOXS5ICRPE Tk THEYRE
TAHH/FET A DO EFFREAMAET % F 24125

il

fliC&ELREEAREIN TS, Larl, 20
TAMCOWTRRBEROFEIE > T 5. fl
2T, DBREBLHFEHREDPR > T FHAK
16 77 % 25l © % 5 & (Cross-site valida-
tion), 2) &HFAMETIOMANE %241
AT X S (REWTHIEGD) & CTh 5. ZoF
A iE RPE DIE#O A CHITEE 25 LT
HI LD, S8, XVFEMICT A FORYHL
FBMABRT A EBRAARTHS. CnbD
FUEDB R S AL, SFREAMETI O 53
BELTIOTFATOFR®BPIBICHED, A
BEORREEY VX —RPREDT 4 v FXAT S
Tix EOBBGTRIAFIHT A LA TES T
EIPHZDERITKE .

RPE (3EBRE ORMBIIEE & L ¢, EBN
HREBAM T A FMALLFHAINTWS. Th
ETCRPEICETAMADE LS I TED
(Demello et al., 1987; Dunbar et al., 1994; Glass
et al., 1992; Hetzler et al., 1991; Purvis and Cure-
ton, 1981; Seip et al., 1991), FEBpRE A K
WA IR LTERTH S L ORERSL
V. ZERBEEEESHAMN T A P TAT OHE Y
LD RPE 2811-13TH AT &, IHIC2DT
LRI TH A X U= 7 oM D A IR
MOFETZ TRt EBRBEIN TS
(Dunbar et al., 1994; Purvis and Cureton, 1981;
Seip et al., 1991).

L2L, WIEho#ELH 5 EBERICNTT 5
RPE ODRIGICBET 53D THY, RPEIC LT
MEZREM LB EOoRET L. BED
(1997) 13, BEHABHEICOWVWTCRPEIZTO
N Uy FROVEBTRED #9509 VOomax T AT 7K #E
F V<, RPEI3TO F Uy FIVETELW
75%V Oomax THER AT KETH o722 & HR L
CW%. Dunbar et al. (1994) 13, % B¥RSHiga
il 7 A b T60% VOamax IZHHY4 3 % RPE & & 5
CEBBE RS LBE, Py FINERFT
1360% VOomax & —FK T 52, HEHERE CIXH
BIVECESBREAHERFTLE LA, F
7z, Kravitz et al. (1997) %, {8« 2MEHEiIC Lo
b EHOOETKER R EIRDOICHK S LT
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HERLONAEE (HHRBERX—X) Trly
FIVEL Lok TOEBENEEZRE L Tk
D, ZFOEO RPE (3#13 THI70% VOsmax D58
BTHo72ELTWAE. DRETEBARINGD
WELTBRETHE, Py FINWELRLRPE T
EERE # ZMICRETEL T EPEEINS.
LHL, TNHORET TR TCHEERALZRSR
L2 DTHY, & IEB S #ER$ 5 LT
HELNSE, A2 IPEFEECAERERE (B
FE, BEIR, SR, FER) 7k SiCOonToHER

FlUy FINVETIIOWTOHREEIRESN T
5. BfED ¥ A, Nakagaichi and Tanaka
(1998) W EEREZETHREERHICOVWT
RPE11-13TD B |\ — AT OEENHHE 38
AT KETHAHZ EHHE L TWAHICT ER0.
I GICRPE CHRMiSNSEEICEE LTI 7YY
A RV V=2V T OB & 2 TR KRS
LB AD O, CTNHORES Y E
Z, FBEEZEO VY FINVHSTTLIYY A X
P U= v T RO IR sk g 0 5, RPE
BRI L CHBICREZRETELT EBPHALD
IeiE, EEALTIC T AR EEOERIA
B ZOERITKE .

O CAMB T PEERE LTS - LT
“RPE13IC & » THRE XA+ HHTTF AL ©
FUEEE T 7YY A X =2V TS &R
ARSI ORERTIZEAL & OBIR» HRFT 5 2 &
35, OFD, 2HRAMETIOMANELE
‘RPE13IC L » THREAZHRIMTHHITT AL »
LRYICFHE CE S h ARt L, Iz CHRERE
Ik 5 RPEFHOBRAEZHOLNICTA. A
BT T 79I A X =2 T DT,
D& HEHAMAE N OFLEEE L SN VOopeax 15
FOAT ICH Y4 5 VO, (VOsar) OELE &
HBTHEBEOLLE L OBRREHEHN T 5. 2)
RPE13CHRH S N7-5h B 25 % B RS Hi14 A i 7 A
b Tl EOBREICHY T % Db & EB T OO
(HR) o Hi#ET%.

V] &
I HRE

AFFRONGHEL, HEAEBICKE O TRIGE
BBIED/\ 35485 (42.0+4.55%) DOPEEH
ZHTHY, BRKEIC L AEENZEL LUK
BRI & o UEEBRA (symptom-limited) %
TOEBPIZHFRORET AU AT B TN
LI N/E TH o 7o, AR TR 2%t
RELUERRZ, T799A4 X —o 7ot
> EH R AV OWEE S R FYIR] CREZIC
BNALEZ MO THS. iz, HEUSH #E
3552 THFINIEEINGEE LD 25
NHTH5H. RFFETHSERHE &L, 1) BMI
(body mass index) 732640 F, 2)44&A( v —
&/ A (bioelectrical impedance % : BI )
I X AEBEIEEB30% L E, 3) E TR B
(skinfold thickness # : ST ) I k A&JEH =R
D30 A ED3 DD EFREL, FAE LT
2O bEuE/-$EFE L (PHES, 1996). &
72, NHEE—AD EDICARFED BHIE L UHIE
AETHB L, RSN OEFE B/, §XT
DT — X IRBERFHAORIRFRELIC TRE
L7z,

2. VOzpeax & VOaar DRIFE

VOopeak 385U VOoar i3, 15T LICHED 5
WEREARRED A F Ly FIIVBTTOL B
WAMEIC TEEMET AL &L, 2FFAN
DO MERETALE DI 7. LB AR
A b, &ERFEOEICIG L THEE %3.6
km/h ¥£72134.2km/h, FlUv FINVOMERI% 5
&L, 25D x—IVIT v THITE,
0.3km/h FOHEMI 7. ZNZENDORNZEMN
SO EBICEL/ACORICER Y 2% T 0
e, FEHFREICEDS LA (Nakagaichi and
Tanaka, 1998 ; H, 1995). T D& xL&/HE
Kt LTy 7 XEERORBAEEE (IS
6000) 1= X DG XFERLCHMSE (VE) %,
FUA MY FREHALICBAEEREE (77X
% F # %L Dinascope-501) I X OV OLENEZ €=
UV LUTHRZ 145 ZEICHEIE L. —8
DFIDOWTid o — 1 VO ES) & fif F iU ERE
#HEEE (STBP-780) Ic kv mERIES L7z,
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RPE & 14 & 2 ICHER L 72. VOgpeax I3 sym-
ptom-limited (FEfRMERFA) % CTEBZ I Jixwn
Bloleestbe L, EFPICBEL—ED
VO, DFAME L L. FERMEERICOWTIE,
DEFRBEICE 72 WOERAOER, 2) s
I ERANDRERKR, 3) EERER (OEHY
ABHED#EFR: &) OB MG (2 mm
LLED STHET) 7 & OLBEREF, 4)SIMmER
7% &, American College of Sports Medicine
(ACSM) (1995) iz & A EB AT A FOrpk#
HIZHE U7z, HRpew i3, HEEjpIC#IZ2 L7/- HR
DEXETH 5.

AT 13:E8)bD VE & L URH AHEDP D,
1) VE, —EftRFESME (VCO) D&k
B LR E, 2) VE/VCO; DAL % fb
7 WVE/VO, O & H Bt A, 3) "R A4 I
(RER) DO&MUs AR EORKED HHES S
J78= (Caiozzo et al., 1982) & VCO, D#ind 5
HENRVO, E0 AKX BB EATOV0, & L
THIE$ % V-slope % (Beaver et al., 1986) %
HAOWTREMICAT #3RE L. ZhZhofl
EfEi» & AT Bf 2 TD VO, HR, RPE % 2 N %
1 VOaar, HRaT, RPEar & L7z,

3. mATF2ofIbL v BEIIBITTFREB

M (1995) ¥ LU Nakagaichi and Tanaka
(1998) DHEEICHE > T, “RPEI3IC & » CTHE
AR ARKTL2HE Py FINFHTTFA
FORREBE L (F&1). EBRICE, #%EE3.6
km/h TD 2 DT + — LT v THITH (FU
v FIIVOBERNIHELEDS % —E), ED10451%
RPE13 “Ro &2\ LRERUASHEE TOHRBN
—ABTTH 7. R25BOBSITEREY &S
FAMGTIOFMIEE L Lz, AR CHER L
Py FIWIE I X/ #8 Exer Track (Aerobic
Exerciser 8800) TH YV, LEPEHEAR T X +
THEALZZDDER—THo7z. iz, KT
127 Ly FIWEBTT A OBEEEE L%
HRyeax TRES T 5720, HIT7 A KK 7 5
HEBT7 A METHRRO HR % HIE L7e.

4. W& BEERDRIE

HE, #E, BMI S LUEGS vE—F VR
B & BT RRREYEIC & A SRR OHM 4 3 C 7k
o Jo. kA v — &/ Atk Nakadomo et al.
(1990) ¥ LU Tanaka et al. (1992) ic# 0 X%,
B FER5E 1% Nagamine and Suzuki (1964) ®
K OkRD. ks, EHFA VE—FXVABEIZIZ
Sekisui 8D 4 v ¥ — &/ AE (Bio impemeter
SS103) %, B TFIRBIEEICIIHFRF v U/~
AR L7,

5 T4 XbL—=24

I A X V—Z VI EERIES AH
H#AE3ME, 4 WAMFEB L. FPL—2V AR
3, FHFEMER S INS “ATy ST 7YY 4
A7 & LT, BiER), AbVyFinEE
WEL, Va—LT v TIhor =T/ ETH
754y /BITCHEE L7z, EERE ORISR
AT KEBD L VT TN EEZBE L LT,
RPE12-15 CARERFOHB OB ELMBIC L S
HROF r v 7&HBA L. T79H A XL —
SVIWREMEEE Y 24EEBE L, Keto
EWEEEICBD-. BRE - RERELVLE
HARNC =M U7, & ICEBEaREEEITI RS
TbhTICBCBEROE L /. FREFIOL
7YY A X+ V=2 T ORi# TR — R &
LTS L7,

6. MEITHEE

BIEHA O & OB FHE L EERAECERRL
7o FREEBICOWCLZY YA X U—2/
THEIE TOFHEDOERL, HIED 5 Htest &
FIWTHBE L7z, VOspear R VOoar AT 124
MLy FINVHETTFAMCBT 5HTHEELE O
MBI A VX7 I A A b — v Ik
S HITHEBEOELE & FUEHE OZEE & O
BARAGRIL, ¥ 7V VORBKRMERE L S L
7o. MARTLR2GEI MUy FIWBITT A FOE
BB AT A1 h /o T, TOFA MDY
HRpearx & % B PEEIHEEB AT 7 A PO AT Ky
B CD%HRpeax (%5HRaT), RPEL2MRIEHIR L
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725 5 D % HRpea (%HRgrpr12) 35 & U RPE13
DEAHE U7k 5D %HRpeaw (% HRrpr13) D
HIZ A ON B FEEHEOFBHOKREL, —TTHE
OLhEsEBA LTl L. PHERICEER
EZRROONIBE, LELEKRE (LSD k)
e L7z,

& ES

AHERE OFPHE L ERREEL LTI 7YY
A X V=2V 7Rtk TOREBOFEHEDOZER
IZOWTIRELILR L. K&, BMI b XU
FERFRII T 79 A X b —2 v 7 RICER R
VHBRDONIz. T, EHFRAMETIICONT
i3, HE 1kg 5720 D VOspear 35 £ U VOoar I
@%ti&ifp nHO NI, VO.‘Zpeak & VO2AT D
SHE$ & U HRpear, HRAT ICDWTIE, BELE
ILIFFED SN 72, F7z, RPEar I\ T
LILTYY A X V=V T OHERZ TS (B
H#X7 <), RPE11-13 (§f:12.2+1.0, # :
11.8+1.2) THo/z. ATLR2HoM Ly K3

Table 1 The effect of exercise intervention on
selected variables

Pre Post
Age (yr) 42.0+4.5
Height (cm) 158.0+3.0
Weight (kg) 69.0+7.9 60.3+5.9*
BMI 27.6+£2.6 24.0+1.9*
Skinfold thickness
% body fat

%) 40.0+5.4 28.6+4.6*

Bioelectrical Impedance
% body fat

(%) 33.7£2.2  29.4+2.4*
VOspea (ml/kg/min) | 34.8+4.5  37.7+3.1*

(I/min) 2.18+0.25 2.28+0.35
HRpear (beat/min) 175.2+129 172.2+134
VOsar (ml/kg/min) | 21.5+2.5  23.4%0.9*

(I/min) 1.36+0.23  1.41+0.18
HRar (beat/min) 129.4+12.1 133.6+10.1
RPE ¢ 12.2+1.0 11.8+£1.2
12-min walk test

(km) 1.08+0.08 1.13+0.05*

* Significantly different from pre-value (P<0.05).

50

(e} VOZpeek Pre
45 ] V()zmk Post
A VOoar, Pre ]
40 - A VOzar, Post
n=9 o e .
‘g 35
g
2 30+
E 0 .
25
§ A A r' N
. A
20 1 R
Ap VOzeax (1=0.76, SEE = 3.01)
4 VOzar (r=0.70, SEE = 1.85)
15
n=18
P<0.05
10 T g T v T
0.9 1.0 1.1 1.2 13

12-min walk test (km)

Fig. 1 Relationships between VOzpeak and 12-min
walk test and between VOysr and 12-min
walk test.

WEITT A N OBTHRBHI T 7 94 A L—2
VB THEBICEML:.

B 1121F, VOspeax 35 XU VOoar & H4THERE &
OBfRE R Lic. T VYA X U—2 v Tk
DIRTDOF— X EHEL7BEE (VO
35.8+5.7 ml/kg/min, VOsar: 21.5+2.4 ml/kg/
min, #{TEEEE : 1.08+0.08 km), VOgzpew & 5
THERE & OfEIIC r=0.73 (3.01 m//kg/min; %
SEE=8.4%), VOsar & HTHEM & OMICr=
0.70 (1.85 ml/kg/min; $YSEE=8.6%) ¢ E& /it
HEAR R AR ON G/, T I TR LK SEE
(standard error of estimation) %, VOgpeax 38 &
U VOour # HIBES, SR HIIER Y L
7o EIRG T CTHR O NI HEEDOEEER2ETH 5.

K21k, 27994 XV —o v 7S
VOspear 38 £ U VOoar DEALE & S 1THEBEOZ AL

BErOBRER L. VOur OZFLE & $H475E
BEOTALE & ORI r=0.78DO 8B Z /1

FHRSRAR BB D/,

M3, ZATL2HM Py FIWVEBRTT A
A D 9 HR e & 2 BRPE W AT 5 A bR D
JBHRpearx T HEE L7 DTH 5. —LEEDS
BN D, TZYYA X U—Z V7R s b
LEREWE AR T A FTHD N7 %YHRAT,
RPEL2Z B iz B IC Bl L 72 & & O %HRpeax
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15 ® VOZpeak
o VOzar (r=10.78)
P<0.05 °
. 107
g L)
£ ®
= i o
g 3
NS g o]
o
o
=4
N 0 ')
'5 T T
0.05 0.1 0.15 0.2
Adistance (km)
Fig. 2 Relationship between changes of VOzpeak

and of distance covered 12 minutes and be-
tween changes of VO,r and of distance co-
vered 12 minutes after the 4-month exer-
cise.

100

% HRpeak

12-min
walk test

12-min
walk test

GXT

Fig. 3 %HR,. during 12-min walk test and grad-
ed exercise test (GXT).
%HRa1: %HR,.. at the anaerobic
threshold, % HRgpg12: % HR s at the last
RPE12 during GXT, %HRgrpris: % HRpear
at the last RPE13 during GXT.

(%HRgpr12), RPEISBARBICHE Lz ED
%HRpeax (%HRgpp13), mAFIZHM ML v B
INWVBITTATO T4 8 125 B D Y%HRpeax &
DENICERELEZDRD LN/, SEHEKRE
w7z, ZOMRE, T/YYA X b—2v T
BIRRICBIR e K IRATI24/ F Uy F V1T

FAFOEBRE T AT KELZFEICHE 2 TV
7. LaL, ZZUYA R V—o v TRk E b
%HRrpE13 L A TI25H MLy FIVHETF X
FROD % HRpeax ICII A B ILZEDRD SN/ -
7z.

£ 3

AWIZETI, £HFAMEIOHREPBEEICH,
N5H T ERIRE L CREEM 2% & L.
I7YYA X U= 73EBENER - X h
B AT TIT7IYA X TbICHER LY.
AR ONEE T (F#42.01458, VOspeu
34.8+4.5, VOupt 20.8+2.2), HAES (1986) O
RERBZEIC OV TOHE (4E#H42.4+5.3
%, VOamax 27.3%3.4 ml/kg/min, VOsar 14.6+
2.4 ml/kg/min) < Atomi and Miyashita (1984)
O W E (VOgpear 25.1+3.0 ml/kg/min) L »
VOopear & 5\ 0ME VOoar BEFE L, 2 ErHsbg
AT A N CTRHOWCGEBREROE Y (B isHEERE)
E VY FRWEBTT) 355 bODLHEA G
TERFTH -7z,

COXRDERRETEIE, 4 HAMOT 7Y
YA XD U—2 V7% LR, SR OHE
HokE 1kg 5720 D VOzpear 3 £ T8 VOsar I
BRI HER A DN, VOspeax 35 & U VOsar O
fEHEIc OV, FL—o v SRS THRETIIC
BREREIBONG I - 720, s /-I%ED
EFICH > 7. VOspear R VOsar DFFZE /- SiEIC
i, FEEROBILIC X ARERKE L7, &K
MATER LTV A A —2v 7, K
MoK HE [“RPEI3IC & - CEE # Hfi+
BWLTT AN e FRAME OB 2241
FHETE L] ZETTADICEN TH- 7z &\
2%, Fi, —BICIENE OMEBNS T, KR
B - REFEOEB ARG E Ih 55 (ACSM,
1995 ; HhPa 5, 1996 ; HA D, 1986), ARFFEH
BAT v ST 7YY A X (405 OES) %
b & L7 AT KED Wiz 2 nll Lk (RPE12-
15) OMETOEBILETHRNTH S &
DREI N/,

BRATLZHM Ly FIWEBTF A FOBT
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BEEEY, T/YYA X V—S VTR CTERICH
MLTW5S. TOBRFTTFA FOFLEHICDONT,
ITI7YY A X V=V TRtk TN ZNn T
VOspear 3 £ VOonr & HITEEEEORICIE, #5t
BB B/ AEBIRE R MG S NI ETHIE (HH,
1995) TOHIR & Bir - Tz, B (1995)
OFBELHE E BERLTHEAL OHE T,
RPE13CDOHFTHEME & VOspear 35 & U VOoar &
DRIZ r=0.73-0.83DF R LAHBBIRAHE 5N T
Wh. ZOHEIC K BXEED VOspeu DIZHENR
13 +5.7 ml/kg/min (21.6%), VOzar DEZRE(R
#1013 +£3.4 ml/kg/min (20.1%) T&H » 7=. KB
BT, WEENIBRTHY, TI7YY A XV
— =/ 7 Hii#4 T VOspeax DEZHEG2E 3 +3.8 ml/
kg/min (11.9%) & £3.1ml/kg/min (8.2%),
VOsar O ¥ {75 75 +£2.5 ml/kg/min (11.6%)
& +0.9ml/kg/min (3.8%) TH-72. TDLED
ICETHRgE (HA, 1995) & ok LA T
DX REDETIKEDO P NEIp ol LT
— XBI D IEIno To T E DR, BEAERR
BOREONmp ol b HETES.
CCTHRINKEDOGBAERELTHI L ET—
AP ERT R FEL, TV A X L—
SV ITRIBROT — R EHRE LI T H, VOspex
ESHTHERE & ORI r=0.76, VOoar & H1TEERE
& OMIC r=0.70CHEATHZE (HF, 1995) L[
BEOERE MRS E SN/, F/z, SEE
IZ B8 L C VOzpeax IZ % 3 % SEE 133.01 mi/kg/
min (%SEE=8.4%), VOsar iC% 3 % SEE i
1.51 m//kg/min (¥ SEE=7.2%) TH » 7=.
NoOFKRELHSP (1995) OHE (VOzpea
SEE=3.55 m//kg/min, %SEE=13.4%; VOsar:
SEE=1.91 m//kg/min, %$SEE=11.3%) *@%
HFENLY BIFTH - /2. Davies (1968) i1,
VOoumax DREIEERHEIE OHEERZEIT OV THRE L,
HR #HW/-8B6&, HERZENFISK LA S
FEECaHli¢ 5 LIZRECTHSL oG LT
W5 . ZE7, Mastropaolo (1976) % Hermiston
and Fraulkner (1971) D&M 513, VOomax %
HWETHDICHE10%SEE (3T S5hiz\nwT &
BohMzh. AFAFDOSEE iZInbOKE

iz L WA D, MERBELRFTHA
EWnWz kS, LT, TIZIY A X+ —2
vV 7HI# & b RPEISOBATT A b b & FA
PR )% 2T EHIC & OO RIREME AREE S
7.

I A R V=V T IES BARE LA
FWCFHTETCWEPICONWTEETAHI L &
T5. T7YHA X L—2 ZI8ED VOspea
B LU VO0sar OFLE L HTHBOELE L D
BARaHE L7 & 25, VOt OFALE & H1T
FEEEOZE LR & ORIC r=0.78 D7 & /= HHBIBE #R
BESND, VOzpear IC O W THEHBMENCAERET
Moo — IS VOspear & VOsar IZIZIEDH
BARAMR A 0, WIEE & & & F R AT OFH
BEL D 255, TOWMBITEBEFRIITRZ
HIEETHH I &, KT A FDBATKETOEE)
EERLTCEEINT 6, VOuar DZEAL
FEORML-bDEEZONS. CORBRID,
RPEI3DHFTF A FIC & - TLFFHAMEKT,
b 1T VOoar OB ANEAL % 224 1 FHE T X 5
TREME AR I NIz, & CCHREREIRER O
BAMRIZDOWTC, —RICEFRAMAT) % 5HEd 5
T 4=V ERT =RV A LEED H VISR
RKEOMIZIZADOHBBEREDAH EEINS. E
o, BKEH-HOD VOZpeak & VOZAT IZ2oWTd
RIS 5\ IKE & AOHBBERAH 5 &
BELNATHAS. LHrL, KR CIIHESCHIE
BROBEALE & BT O E & OB A HE
L7z A, BITHEBEOEEIIAE KGR
DEEBRIIALAEZTTEDLY, BALKERT
BTz, RRARETIINRER DD hr o722
LI A X U=V T TEHERFA
AR A b SR 7oA ERICOWTD A
SALAEBEHLTWEWOT, HITHERE
VOspeax 35 & U VOzar DZEALEDBIRIC W TD
SERICEEDIW. TETERAET S L
“RPEIBIC & » CHE TR T 5577 AL
&, l 2 OEFFREAMARTI OB % Z 24T FHE T
& HAJREME DR I N/,

RICA T A+ D WHRpear & 2 BPEWIHE AR T
A+ D Y HR pearx DHEBEFHC DO WTEE T 5.
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HBITT AP DX HRpeak 13, 74 —3I V7T v/
BT 105HBO5 458 L1045 H, 2% D%
T7 A bGP 6 74 B L1245 H O %S HRpeax %
BIE L7z, ZBRBEEHHAT T A PO %HRpex
IZOWTE, AT B3Ik, RPE12D R B,
RPEIBDOFMEBRFAZ/R L. T7YY AL Xk
Vo V7R CIhbe i Lo 25,

Y%HRat & %HRgpr12 DRICEEZITIHD D ir
Moz, KR TH INE TOHE (Demello et
al., 1987; Purvis and Cureton, 1981; Seip et al.,
1991) ¢ FE#EIC RPE1I1-13TAT AHBE L TE
D (§j : RPE=12.2+1.0, # :RPE=11.8+
1.2), &BREWHEAH T X FhORPERE« DA
HEZZLBIZFHECE T bDEEZLND.

KT A TFDY%HRpeax & XHRAT IO W TS, T
THYA X U—Z VTR & SERBLENRD
#1572, Nakagaichi and Tanaka (1998) D45
Tid, RPEI3TOHITF A bhd VO, i3 VOsar
FODBEFTENEMICH - 72D, BERICEE %
370 SBER AT KREZHERE L T\ o 2 & 2R
LTWab. AARGERIICOFREERELD, AT
KEZHZ TWobD EHEINS. LarL, K
T A b D %HRpeax & % HRrpr1s DRICIZ BB /5
EZDPRDONLP Tz, e, FU—Z VTR
TOXRT A b DIHRpeax 11T A & 37z H
o 7. BBRIEEIEAT 7 A PO RPE EEH&
TR HE« OBBEE - EREICKR L Tz &
RET S L, BIT5 A PDIHRpear & % HRRpr13
P—F L7=Z LiE, RPE13IC Lk » CTIEREIC(E ~
ICH L REZRETCE Nl 2 aRET 5
DTHS. SHIKTIZYY AL X b~V
., BT 757 X DO %HRpeax 7 %HRgpp12 &
%HRrpr13s ODMIC LK BIEAHEAIH 7. T
7IYA X V=2V T ORED 5 LEFH D
B &> CGEBARNICK ¢ 5 B RO B HEES 7
4= FNy 7952 GEBROAHEEOILE)

ET7 4 —F7xU—FT5H5T ¢ FEROBERICKd
LEAHEEOTHE) HEHEIN, K0 IEEIEE%
FAMTE/IDDEEZONS. LT, EH
AT DETE C RPE 12 X » CEB)EE 4 IFHEICEE
ESHHBE, TOEE (v FIUVHT) %

BEEER T A 2T bAADT &, EBRED
BALICHS BEOBHELIEE TS Z & 2%k
B GRIICW D BB RS 5 8) k¥ eE
BIhidd - L EMICRETES25HS. UED
ZEnD, Py FINVHBTTIEME 4 2 RPE %
FIH L CRBICHEYRECE LT EBREBIN
Jo. 122 L, AR T, WEEE Vo7
T ERPEIEB LR LN/ &6, 22T
BONTERO—BILITIBRA LS. 4%, k
DIBIR £ V% < ORGETORNPLECTH A
9.

¥ & B

AR CIPFRELEER SR E LTy
AR F V=20 TR D TR 7 — 2 1 5,
LHRAMETIOBANEE “RPEISIC L -
THELRETABIT7 AN O YICEHE T
LD L, Mz CTHRERE BT % RPE F
HOBR®EZHOLMIIT ST & L. RPEL3
THWERATI2ME Ny FIVHEFTF AT
DHFTIREE & VOspear 35 & U8 VOsar & OHIEIES
"L, TIZYYA XU —Z VIR AT
AN &> TEHFRAMEK N #ZRICFHETE 5
CENHERTE/. AR YA X b L—=
VICRE D BATIERE & VOopeax 38 & U8 VOaar O
ZitE & OB, 5, BMARZEICOWTH
FBICFHE CTE S Z E PR TE/Z. RICKT A
D % HRpear & 2 BFEWIBE A T 5 2 + IS
RPEI3AHHL L7z & & D % HRpear ICHFE 7N
RONLED -7z &5, RPEIC X - CEB)
SREE A FMITRE T E AR SR I . D
EDZ G, RPEISZHW/ER AT FVy F
SIVBTT A M & » TEFFAME I OMAR
A% 24T FH C & A ATREME & M RREIC B W
CTRPE 2"BH £7:0 2 B REM S HER T X /-.

APFFEIL, B KRS (Tsuku-
ba Advanced Research Alliance: TARA) t /%
— (HF/OV 7 b)) OFEEZT TEHBIN
7=,
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1821 RPEL3IC k- CHEAMMT 5120y FINVFTTA PR = 27V

[EfFT2HD (WELDHOD) ]
Py FINTNVI A=, Rby 774 vF, Bogd HEREE®RE (RPE) D%

[EREAS L CFEHIE]
1) RPEH L5 b DFEH
- RPE6, TAZMORIEEEZ TT XU RPE19, 2048, FOIRTOBTROEEESERETENEFH LY
BEEDEOXEMBLTTE. Wo D UIBTHONSBAICEES LIF T &, RIS
LkDEDX(3, RPE6, THhSBAIZEN > T TL &I,
ZD & ITEIITHT ED S EEERO X DX EHKME UicbODRPETY. RPESE, HATHETS
(kU %) EBHOM®RXTY.
« ZOF A MZ, RPE13 “POXDY ERUBMXTIUy FINEEBTLTOHIIKENT, ZOKOD
BTN S, HUIOLEFAMEHZTFML LI ETE60TT. RUTALOHSTREHDEY
A ORI ET, BOIO23HIE3.6kmhTOY +— I V77 v THITERDET. BAOENIC
EUT, BD1043E S UTRPEBA#MRF LR SHTUTT I, MEOREIH L EBOES
W, 1092 RITHEBRLENS (BO0ERULOEREZH LT, BTHNUSEELEHITS) , TEHK
IFRPEIBAMEFF TX 5L I IHITLUTF X
2) Yxr—3IvITwS
cBEPEHENEISHNEIIT, IS EEHIIcD S,
Uk — IS Ty TEERT MLy FIVBTORBRPRPEDHEREA T 5 & LU,
3) 7R MEHE
SEBERNZ122TY. FA MR, BHOBEAPHENVEEOBERHNEEEZR LIS, WOTHEBTTL
5, FFZHEFTTFTEL.
TSR (PLy RIN) ORJL POESHIE IS % (2.86/) , Z UL TRIADOSTEREIL3.6km/k
(60m/43) ITHEULET. TR, R¥—&ELET. »Ux—3I07 7T v T
(F X MEAD
c UM DT EFE L. Zhh ol ICEREZ2 T T0EET. ZhsHoBETHIE, RPEI3
TH5B, HBORBEVIOFEZRPEBZMEEL TSI B EB U EIATHFEEZERTTTF X0
- BER, 20BBRT A EZATEEEZR 2L T, BRENFFERS A TEREEL —EXE5.
ZOWE03km/E (S5m/5p) B CTTE S —EHRTHEEA LRI E L1095 (FEH7n 308 H
TSOKMEETLEIT A LS HHERT) .
OO THHEEORHEIITRETT. WLOTHNOWOTIN S, HEEZ FFXEOESETIEROEEE
RFEEEFTFI0.
cEEOHE D ULER (ET) XEEEZ-03~06km/IF (5m~10m) DOHIPH THE:
7 BALR (ET) 872 E X —-09~1.8km/bF (15m~30m) D& CRE
AT EIEDERAEL, REND S bEFEREOFEEERTS.
23D ETHITIHEREERAL, B4 IEELRTIRTCI/—Y I ET 5.

4 A
< FHMEEE: 125 HIDIRS1TIERE >
< BIEIN— R > |
WpBH |
3.6 km/h : I :
:5_4___J+>? ES} - 5%—3E > |
243 1243

\_ J
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