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g(t) = w(t)e /™ (2)
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TRIMP = D(AHR ratio)e?(#HRratio)
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EE)FE HRmax HRrest HRex AHRratio FEX TRIMP

75 200 62 145 0.601 2.73 123.16
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2L = EXP(1.67)
% = EXP(1.92)

g OTEEUIC K BTRIMPEHELIC AL 5 ]

female male

8.0
0.1 118 1.21 70
0.2 140 1.47 '
6.0

0.3 1.65 1.78
0.4 195 2.16 5.0
0.5 2.30 261 4.0
0.6 272 3.16 3.0
0.7 3.22 3.83 2.0
0.8 3.80 4.65 10
09 450 5.63
1.0 5.31 6.82

—female male

0.0
0 0.2 0.4 0.6 0.8 1

AHR ratio
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* int:intensity %1RM
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Busso T. et al.(1994)
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Table 2 Training zone and weighting factor }_I_ T% 5&
Training Zone Energy Training Eftect I;I{Zigt Lactate Wg;gcl’tl(t)lrng
Stl ATP-CP +La Strength — 14
Strength Training  StZ  Anaerobic ATP-CP +La Hypertrophy — 12
St3 ATP-CP +La Endurance/Power — — 10
Anl ATP-CP Maximum Speed — 14
An?2 Anaerobic ATP-CP Anaerohic Power — 12
li y : :
Erzometer pacdling A% ATP-CP+La(+0,) Amerobic Capacity 180-  120- | 10
Ergorﬁig‘;ﬂggdmg Ael 0,+La Aerobic Power  170-185 5.0-8.0 8
Ae2  Aerobic 0O, Aerobic Conditioning 155-170 2.0-5.0 6
Ae3 0, General Endurance 140-155 -2.0 " 4 )

s BRIV A XD UIRBERBREZD & IC6KRRE (B3KRRE) i

EREE RD .

. WBERBEEHRERE () OBE L —Z2JERTRIMPE T 5,




Table 3 Training zone and specific exercises(exam-

JAPAN ASSOCIATION OF
TRAINING INSTRUCTORS

ple) on water paddling

R RE=14

50 L (R =12

R E R E=10

50 B (R 40=8

iR E R E=6

5 L (R =4

Training Zone Distance or Time Reps Rest
20m 12 5-10 min
Anl
25 m .
(running start) 612 5-10 min
150 m 4-6 5-10 min
An2 100 m 6-8 5-10 min
75m 6-12 5-10 min
500 m 4-6 10-15 min
350 m 6-8 5-10 min
15 s on/off
30 s on/off
An3 45 s on/off
_ 60 s on/off 34 5 min
Paddling 45 s on/off
30 s on/off
15 s on/off
500 m 9-12 1 min
Ael 4 min 6-16 2 min
3 min 10-15 1 min
4000 m 1-3 5 min
Ae2 2000 m 2-8 2 min
1000 m 6-12 1 min
10000 m 1 —
Ae3 8000 m 1-2 5 min
6000 m 1-2 5 min

EHNL—=V
DR EREF IR

Nakagaki and Onoto (2014)
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BRI NE

Table 4 Training zone and specific exercises(example) in strength training

L DRV AL =2 T D

Training Zone Exercise Load Reps Sets

Male: 120 kg
sb Bench pull o1 6 6

R =14 Fomsiet 0 s
Stl Chinning Ff;ﬁﬁgg‘}%g 6 6
One hand cable pull ngﬁﬁﬁgé“}g(g 6 6

Male: 80-90 kg
Bench pull Female: 65-75 kg 10 10
Bench press ggﬁiziel:ogooligg 10 5
Bench press Fﬁﬁﬁ;‘g&{}%g 20 5
K Male: 50 k -
R E R M=12 One hand cable pull Feraale: 35 b 10 5
St2 One hand cable pull plale: 3%“§g 20 5

Strength Training Mal '50 i
o ale: g [~
Chinning Female: 20 kg 6 5
Chinning Body weight 20 5
Dumbbell Bench press Fﬁﬁﬁez%{}% g 12 6
Male: 30 kg
Arm curl Female: 20 kg 10 6
Chinning Body weight 20 5
Push up Body weight 20 5
Fhr — Ale- A5

iR RE=10 Bench pull Male: 65 kg 45 4

33 Female: 50 kg
Bench press Flé&n‘iﬁeBg.Sklg(g 45 4
) Cable crunch individual 45 4
Nakagaki and Onoto (2014) One hand cable pull individual 45 4
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g(t) = g(t —De ™ + w(t) (4)
h(t) = gt — e V"2 + w(t) (5)

cg(t) & h()ZETET 7281,

cw(t)ZED VO TCETET HD? INEah -7z !
ciltidZDHEZXTDH X TOHFEMRAE D Thh %,
e T1& 1218, IBHEETEIBEORERH, 41> TA?

e {gt—1e ¥} DEDIFEHAIZTESD (convolution)?
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HHEDRMDTHRSIDNBDTH2EICHANT S Z &,
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CTRonsg %8,

N(t) = Nye t/?
FFEI D T2 T @ T L. NI
A ET e ~ 2720388 (1736.8%)1C £ TR

T%Hiﬁ’kﬁé:l]?vs o

DFENRKEWNEDS Y ERDL NEWEBRB R
(15') 100km/h D BEHNEM FE 4T T36.8km/h| _,mf'ga‘z)@ ICET SR,

o

TlE, 74y bRREFTHIZEDTBEH?
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gt) =gt —i)e /™ + w(t) (4)
h(t) = g(t —i)e 2 + w(t) (5)

cg(t) & h()ZETET 7281,

cw(t)Z ED VO TCETET 5D INEah -7z

i ltiEZDHEZDHFE TOHFERBELR D THhH B,
e T1& 12013, BEEHHIBEOREL, MNH 0K
TIETREREDODINIZE Y W) BBR?

e {g(t—0De "} DEDIFEHIAHTED (convolution)?
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EREE HIEEN B,
2DDRERBBZEEF() Lgt) o, L WLWEHK

A(E) = f F()g(t - Ddr

= 1F % 1R1F,

B f‘tﬁ%a b, —B—BOEE () IZXTT 5
0| ES D IS gt — 1) BT T
2 A /f#/b\bé\if‘%%\ﬁ\bf:%@o

A7 (convolution)




2% AT, GAE. RICTERFEREETFR

http://www.ice.tohtech.ac.jp/~nakagawa/laplacetrans/convolution1.htm

= AT (convolution)

e 268 Fx ]

g
»

s EHICLDTa v I DB () £ ay 7 sHOREE()

. Eiﬂf?ﬁ‘ < HZE T 2T OEHEITNIITTET a3y 7HEX
(%ﬂ%)b T@ E%}b%% /)\L%I/Edrd)lb\iﬁ, 7= &

SHex T
f(EHBT)WERERREDA(EEET)
EN7-Ho

T=t
j F(Tw(t — T)dT



%’ SRR
RLEIC & 2BHARBS

« HIWIDS21TF LT B L,
EROFDEH(0)IL. T TIC21FRID HKSE,
ERIF OB f(1)IE. 20FFID HRKE,
EE2FDOEMHF(2)IE. 19FFID HRKE,

4106 DL f(19)IE. 24 BT kS,
A1 20FEDEMHf(20)IF. 1FRIOHFESE,
A1 FEDEMHf(21)IF. OFRIOHFESE,

s INEFNDEHE(Z DE)TNEEWHERERB)Z T TEERET &.
f(0) w(21) + f(1) w(20) + f(2) w(19) + .... + f(19) w(2) + f(20) w(1) + f(21) w(0)

T=t
Y we -1
T=0

2% T, A, RIETEARZPIEHRERE TFHH

http://www.ice.tohtech.ac.jp/~nakagawa/laplacetrans/convolutionl.htm
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gt) =gt —De V™ +w(t) (4)
h(t) = gt —De V2 + w(t) (5)

cg(t) & h()ZETET 7201,

cw(t)ZED WO CETET HD? INEah -7z !
ciltizTOHEZTORE COMBEBERAED THhN B,
e T1& 1213, BEERHIBEDOREL, I > TH?

s TIETRBDOINIZE YWD BRR?

e {g(t—De V) DOEDIFEHIAHTESD (convolution)?
« (IZ1HE LT, TlE, e V1O EHTIZIEARIC?
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Banisiter (1991) DIEFE T 4B
¢ T1=45, T2=15
Morton et al.(1990): 58 F1500mzE
¢ T1:40_50, T2:11
Carvert et al.(1976): B F100m -k &
¢ T1=50, T2=10
Busso et al. (1994): EF /v~ —#&|f
e 71 =60, 7, =13
Mujika et al. (1996): 58 Zz 7K K EF
e 71 =414, 7, =124
Sanchez et al.(2013): ZZ F RIS
* 71 =604, 7, =14.3
Banisteretal.(1999): EF+ 74 77 XA
e« 7, =45-52, 1, =15-21 (T > => )
e 1, =45-52, 1,=16—-19 (B¥H)
Nakagaki and Onoto (2014): EFH X —X 7Y > |
* T, = 458_515, Ty, = 12.4 — 14.7
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g 5000 Fitness
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%’3000
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ay
- g(t) = gt - i) e + w(t)
250
€ 200 P(t) = k,g(t) - k,h(t)
€ 150 Endurance Training : " Performance p(t)
+00 W(t) ————! Fitness
50 - 2500
2000
7 0 5550 %0 T —>{ Fatigue , §;ggg ™ Periormance
g '
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Day

Fatigue

=i

0 20 40 60 80 100 120

Doy Banister (1999)
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Al. 2011 Sub.1 A2.2011 Sub.5
= I TrRiMP = 50,000 - - 3000
3 60,000 Modeled Fitness r 3000 -.%‘ ’
E — — Modeled Fatigue =
-; 50,000 4 0 e Modeled Performance L 5500 ;:_, 40,000 A 2500
2 — “ﬁj -
£ 2 =
8 L o000 3 & 30.000 A 20002
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Fig. 4 Training (Al, Sub.l; A2, Sub.5) and performance (B1, Sub.l; B2, Sub.b) data in 2011. The
TRIMP time course which determines the fitness fatigue and performance time course (Al and
A2). The relationships between modeled and actual performance (B1, Sub.1; B2, Sub.5).
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K5 k,

* Banisiter (1991)DiEFET B 1E
e ky = 1.0, ky = 2.0

« Morton et al.(1990): 5 F1500miE
e ky=1.0, k, = 1.8 — 2.0

* Carvert et al.(1976): B F100mFk &
e ky =10, k, = 2.0

* Bussoetal. (1994): BF /> v —#&I(F
¢ kl — 10, k2 =20

« Mujika et al. (1996): 5 /KK EF
¢ kl = 0062, kz = (0.128

* Banisteretal.(1999): 5F 74 77 XAV
e k=10, k, =18 (T =)
e« k; =10, k, =20 (BHERE)

 Nakagaki and Onoto (2014): BEFHX—X 71U » b
e« ky=11, k, = 1.4—1.8
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20
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10
10

OooNOOTULLPE WN -
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(FL—=>7dayt+ 1DIEH) =
(hL—=>7dayt+ 1)DTRIMP + (b L —=>7'day tOTRIMP) x e 1/t

REEMT=15. EfRt=1H& 3 2% &, e=2.7187(-1/15)72 D T, e~1/15=0.9355

daylDJE %= 10

day2 DI 5= 0+ 10 x e~ 1/15=0 + 10 x 0.9355=9.36
day3 DI 5= 0 + 9.36 x 0.9355 = 8.75

day4 D ¥ 57= 20+ 8.75 x 0.9355 = 20 + 8.19 = 28.19
day5 DI 5= 20 + 28.19 x 0.9355 = 20 + 26.37 = 46.37
day6 DY 5= 0 + 46.37 x 0.9355 = 43.39

day7 DJE 5= 0 + 43.39 x 0.9355 = 40.58
day8 D& 57=10 + 40.58 x 0.9355 = 10 + 37.96 = 47.96
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e FEMT=15. t=1TCitET % &

C3 - JSe [ =B3+C2*EXP(-1/15) ]
A B C D E

1 day TRIMP fatigue

2 1 10 10

3 2 9.36

4 3 0 8.75

5 4 20 28.19

6 5 20 46.37

7 6 43.38

8 7 0 40.58

9 8 10 47.96

10 9 10 54.87

11 10 0 51.33

12

EXPREZL : BARWEDER E7#%e(2.71828182845904) DN EH 7R I %K
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e EFEIL7=D. B EMr=45TstE T 5 &

D3 : % | =B3+Co*Exp(-1/45) |
A B C D E

1 day TRIMP fatigue fithess

2 1 10 10 10

3 2 0 9.36 9.78 |

4 3 0 8.75 9.15 I

5 4 20 28.19 28.56

6 5 20 46.37 A7.57

7 6 0 43.38 45.35

8 7 40.58 42.43

9 8 10 47.96 49.69

10 9 10 h4.87 56.91

11 10 0 51.33 53.66
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£3 . £ [ ~D3-C3 ]
A B C D E
1 day TRIMP fatigue fitness performance
2 1 10 10 10 0.00
3 2 0 9.36 9.78 0.43
4 3 0 8.75 9.15 0.40 I
5 4 20 28.19 28.56 0.37
6 5 20 46.37 47.57 1.20
7 6 43.38 45.35 1.97
8 7 0 40.58 42.43 1.84
9 8 10 47.96 49.69 1.73
10 9 10 h4.87 56.91 2.04
11 10 0 51.33 53.66 2.33
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S =2*D6+E5*EXP(-1/10)
C D E F G
day  TRIMP Fatigue Fitness Performance
0 0 0 0 0
1 100 200 100 -100
2 0] 180.9675| 97.80229 -83.1652
3 0 163.7462 95.65287 -68.0933
4 0 148.1636  93.5507 -54.6129
b 0 134.064 91.49472 -42.5693
6 0 121.3061 89.48393 -31.8222
7 0 109.7623 87.51733  -22.245
8 0 99.31706 85.59395 -13.7231
9 0 89.86579 83.71284 -6.15295
10 0 81.31393 81.87308 0.559143
11 0 73.57589 80.07374 6.497852
12 0 66.57422 78.31395 11.73973
13 0 60.23884 76.59283 16.35399
14 0 54.50636 74.90954 20.40318
15 0 49.31939 73.26325 23.94385
16 0 44.62603 71.65313 27.0271
17 0 40.3793 70.0784  29.6991
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8 A DRIk =2%

&
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e Rate of Perceived Expression

* Borg D 10EX & £ &R AV EE) 58 E X 7 — JL(CR-10)
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s EANIBROTWE BERIBOEE
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Borg (1998)
Foster (2001)
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How hard was today’s workout for you?
SHOBEE EE&- FL—=v7) BENCHLWEDH /2 TTH?

0 Rest TERL NI gog-

1 Very,VeryEasy JFEFICETHS HoH p RIS

2 Easy HThH D 2T 5 7

3 Moderate SSRGS SSRGS

4 SomewhatHard ¥ Z DL Liko2EZT DN o7z
5 Hard = DL XD o7z

6

7 Very hard FEFICZT DL Ho>HR T DN 2T
8

9

10 Maximal BN A WDl AN
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T30 %Dty 3 VRPEICEEZ RIFI AL

Maurizio et al.(2015)

condition-1 condition=2
v v \ ¢I - 00 st ‘ J,I v Iv v
T 15 X1 40 45  h[S Q0 935 100 1 30) ] 040 45 &3 TO 9 95 10 130
condition-3 condition-4
min. 15 20 40 45 65 0 W 85 1) 130 15 20 40 45 65 T S 95 100 130

|1l.’|-"i1r|11-u|'l LO .Mfm .|m.'|| vRPES 4 RPEend RPE30
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Weeks Load

Foster (1998)
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O Athlete
1 @ Coach

Training Intensity (RPE: CR-10 Scale)
o - N w E=N [&)] [¢)] ~ o]

Low Moderate High
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A graphical representation of the mismatch in training intensity which may Wa”ece et al_ (2008)

occur between athlete and coach.
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o [EHERY7RTESEE: 6 sets X 6 rep @80% 1-RM

e X—/%—ZO—:6setsx6rep @55% 1-RM (107-10%)
o JBEFAY/NT —7E:6setsx 6 rep @ 30% 1-RM
ETCRIATY =2l L X k

Alison et al. (2006)
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Factor

E Top 4 teams 12-9 Factor Score
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= Bottom 3 teams 53 i 6
6 days 4
7 days 2
8days 1
Factor Score
Away with travel 3
Away 2
Home 1

Kelly and Coutts (2007)
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1200

1D

Lt

200

t w3 VRPEGEZ & OTRIMPZ 5HE

0
wcn 1
) 2
3
4
[ 5
] 6
| 7
8
9
10
— - T - LWL
Session duration
Day Average RPE (min) Training load
Tuesday 4.9 120 589
Thursday 4.7 105 496
Weekly Load 1,086

RPE = rating of perceived exertion.

Rest
Very Easy
Easy
Moderate
Somewhat Hard

Hard

Very Hard

Maximal
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N2y R R—IL D

HEART o

RATE DENSITY OPPOSITION DISTANCE
10 100% 10 Continuous 10 5x5 10 Continuous
9 95% 9 4/1 9 5x4 or 4x5 9 4 courts
8 90% 8 3/1 8 4x4 8 3 courts
7 85% 7 2/1 7 4x3 or 3x4 7 2 courts
6 80% 6 1/1 6 3x3 6 1& 172

courts

5 75% 5 1/2 5 3x2 or 2x3 5 1 court
4 70% 4 1/3 4 2x2 4 2/3 court
3 65% 3 1/4 3 IxI,2xlorlx2 3 1/2 court
2 60% 2 Muchrest 2 3x0 and 2x0 2 1/3 court
1 55% 1 Muchrest 1 5x0 and 4x0 | 1/4 court

* HRIZZ DT 7YY A4 X% 10986 L 7= S DHR
work time

*x density = rest time
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