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U Race strategy and tactics;

U Modelling of the boat speed, stroke rate and distance per

stroke;

QO Analysis from 2011 international races.
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Factors affecting performance in sport:

U Training volume and professionalism;
U Training methods;
U Technique development;
U Equipment development;
U Doping control;
Rowing specific factors:

Long term trends of the boat speed in rowmg
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U Weather cond itions; U Before 1900 — growth => equipment and technique;
- g g g U 1900 - 1950 — stable period;
u SynChron isation in the crew. U 1950 — 1980 — fast growth => training methods and volume;
G 1980 — 1996 - fast growth => equipment & training methods;
G 1996 — now — decreasing => doping control.
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Trends of world records in swimming Trends of performance in athletics / running.
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U Before 1920 — fast growth;
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U Before 1910 — fast growth;

U 1910 - 1950 - slow growth;

:g: U 1950 — 1965 — fast growth => training
o methods;
8%
ﬁ‘ U 1965 — 1985 — slower growth;
189 1910 1930 1950 1970 1990

G 1985 — 1995 — fast growth => drags?

“The best result of the year (m/s)
/’\\ 0 1995 — now — decreasing => doping
e * i control.

— Men 3000m
~— Men 1500m

U Not all races were
won with world

7

Years
Q1920 - 1950 — nearly stable period; o . . . ::; oo record.
0 1950 — 1978 — fast growth => training volume, methods & technique;
3 1978 — now — slower growth. ; )
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Validity of the trends of boat speed

6:30 Results (M) Mi 2002 | 6:36.33
N || 10w | 6:3668

640 e — e— 1908 6:30.65
—— 2oviton0n

650 e e VA 199664285
19971 6:44-86

Number of the best points taken: \ 200364615

e —e—Data ——13 —_—12 1994164633
—11 —10 —9 2000——6-48.00

7:10 — \ 2004—6:48.30
- z —4 3 Years 1995 | 6:52.03

7:20 T T T T r r 1993 6:50.03

1992 1994 1996 1998 2000 2002 2004 2006 2008 2005 1 716842

« Trend line and prognostic times are very dependant on the filtering
method;
« At the moment it is not possible to produce statistically significant
prognostic times;
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Influence of the weather conditions (iter k.&.
2000)

DBoat speed (%) i

U Water temperature:

2 U Around 2.5% decreasing of the

° dv=059* 105 boat speed from 25deg down to

¢ 4deg;

os - - - - s | O Wind speed:

R P s e U Around two times less increase
- of the boat speed at tail wind

— =

- g " i than decrease at head wind;

U Cross wind affect crew bt
more than singles.

Wind gauge or “Rowing Simulatore” ?

71 Wind Velocity (m/s), Direction —4—Wind Speed
rel. Boat Velocity (m/s)
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U Wind Gauge and a chart
of wind/boat speeds;

U “Rowing Simulator ©”

Trends of the boat speed in winners and
finalists in Olympic events

Average boat speed (m/s)
6.3 4
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Year
(38 T T T T 1
1992 1996 2000 2004 2008 2012

U Both trends of winners and finalists show long-term growth
of performance about 0.2% per year;

0 Weather affects 90% of variation of the boat speed,;

U Human factors affect the rest 10% of variation of the boat

speed. '
www.biorow.com

Results of 2011 World Championship in Bled

Winner's aerage | U The four-day format
N - 3‘;‘ : ﬁTl';“; g:‘;’;"% 2;‘; of the final races in
2wz |1 6:58.16 | 98.74% | 39.7 Bled and changing
3|wx | 3 64473 | 9871% | 366 weather conditions
AR 63956 | 9823% | 354 make it difficult to
5 max | 3 53931 | 9820%| 381 compare the boat
6 M2x | 2 61076 | 9766%| 374 speed in various
7]va- | 2 5:55.10 | 97.49% | 389 events;
8|wax | 1 61837 |9739%| 354 | {3 Both M2- and W2-
9|wsr | 2 60365 | 97.10% | 374 has shown the
10 [ Lwax | 4 65080 | 9695% | 36.1 highest stroke rate
11 [ mer | 1 52881 | 9689% | 38.7 39+ str/min and the
12| wix | 4 72664 | 9661% | 323 highest ratio to the
13w | 4 55518 | 9601% | 380 9 -
14 1vex | 4 61867 | 9479% | 389 Gold Standard time.
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Results of 2011 World Championship in Bled

Places Entries |Medals | Points | Licenses
N Country | 15t | 2nd | grd | gth | 5th | gth | 7th
1 GBR 3|34 1]12 14 10 66 13
2 NZL 4 111]3 il 12 8 9] 11
3 AUS 2111231 il 11 o) 48 10
4 GER 2|2 2111211 14 4 44 11
5 CAN 2 |1 il il 10 3 21 7
6 |TA 1]2 111 9 3 19 6
7 _USA il 2 14 2 22 8
8 GRE i il 4 2 18 4
9 CZE AL il 10 2 16 4
10 BLR il ) il 6 2
11 FRA il il 9 il 6 3
12 |ICRO il 4 il 5 il
13 [CHN 31211 14 0 20 8
14 POL i 2 il 10 0 il 4
15 UKR il 1]12 6 0 8 4
16 NED i | 2 6 0 7 4

U The best three countries Great Britain, New Zealand and Australia won
20 out of 42 medals in Olympic events (47.6%).

VR www .biorow.com
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Conclusions on the “Gold Medal Times”:

Q First of all, use your common sense! Think about the
main purpose of using “Gold Medal Times”;

Q Currently, the average prognostic growth of the boat
speed is around 0.5-0.8% per year, which is significantly
slower then during 1950-1990 (2.0-2.5% average

Race strategy in Gold vs. Silver and Bronze

4% Deviation of boat speed

g . fromaverage (%)
U Winners are relatively faster | 3%

at the 1st section of the 2%
race, than silver and bronze |
medallists; 0% /

U 2nd, 3rd and 4th place-takers |- { —$=8pace
. 4 pl:
usually have faster final %] ——3phce

. A —s—2 place
growth); section of the race. o | T hRRee soom#
U The various boat types have quite different trends of the ! 2 : ¢
Place 15t500m 27 500m  3r9500m 4t 500m  Variation
boat speed; 15t 309%  -104%  -180%  -005%  2.15%
. A . . . 2m 2.61% 111%  -1.80% 0.49% 1.96% Average data over
U Continuous weather monitoring durlng major regattas 3 2.75% 1.13% 2.01% 0.60% 2.10% 11 years
can significantly improve estimation and prognosis of the P S O YORBING 1127 B2 05" RRINNO- 39 YORM| MR 2. 21 0 SRR
5 300%  -0.89%  -L71%  -028%  2.11%
boat speed. 6 367%  048%  -215%  074%  2.51%
_ General  303%  096%  -192%  007%  215% )
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Trends of the race strategy over the last 16 years

5% girategy of the winners —a—S1 ——32

% Jr-s3 —e—se U The race strategy changes
b W over the years.

1% > - =1

B Ss e SN O N

2% Q Distribution of the boat
-3%

102 109 2000 2004 2008 201 speed is becoming more

and more even;

4% - Variation of the boat speed (%) —a— 1st

Place: g ong
3% \ /’\
2 .

3rd
s
2% A -

U Prognostic race strategy of
the winners for 2008 is:

Race strategy of finalists during 2011 Worlds
in Bled

Speed deviation from average(%) Fig.2

3% 4
—&— 1st —¢—2nd
2% 4 [
3rd _@ — 4th
1% |
5th @ 6th /
0%
1

1%

500 m section

2%

U Winners in Olympic events have shown relatively slower
speed over the first 500m than all other finalists;

el +2.5%, -1.1%, -1.4%, +0.2% U This trend is opposite to what was found in previous World
1992 1996 2000 2004 Year 2001 regattas.
iR www.biorow.com VoRoam www .biorow.com

Matrix of race tactics
All 12 tactics are shown in a matrix where:
U Each column represents the same fastest piece (from 1 to 4);
U Each row represents slowest piece;
U Percentage shows number of cases in Finals A over the last 11 years.

1500-Finish REN AN 10.2% =\ 6.3% X
n=26
.
1000-1500m B 3.5% x 2/ 6.6%
500-1000m 5.6% X 3.9% 10.8%
n=13
Start-500m x L2 6.1% L 8.5%

n=19

2nd

Analysis of the place takers distribution

U The most popular tactics
in winners was “1-4”"

Place
Tactic 1 2 3 4 5 6
12 | 36% | 43% | 6.4% |114% | 50% | 2.9%

AT

(17.1%); 1-3 | 6.4% | 6.4% | 9.3% | 9.3% | 10.7% | 5.1%

o ; 14 | 171% | 5.7% | 50% | 6.4% | 200% | 34.3%

U The most popular tactics 6| 5.7% | 5.0% | 6.4% | 20.0% | 34.3%
o 21 | 29% | 64% | 9.3% | 3.6% | 7.9% | 6.6%
in silver and bronze 23 | 21% | 43% | 2.9% | 2.9% | 21% | 6.6%

3 . 9 9 9 [ o 9
meda”IStS was “4_1"’ 2-4 9.3% | 5.7% | 5.0% | 7.1% | 13.6% | 204%
3-1 7.9% |121% | 7.1% | 9.3% | 9.3% | 5.1%

U This corresponds with 32 | 7.9% | 24% | 3.6% | 3.6% | 5.0% | 15%

the race strate 3-4 143% | 5.7% | 43% | 5.0% | 6.4% | 2.2%
ay 4-1 | 143% | 26.4% | 23.6% | 18.6% | 9.3% | 3.6%

distribution; 42 | 10.0% | 157% | 121% | 136% | 5.7% | 7.3%

n=26 43 | 43% | 50% |114% | 9.3% | 5.0% | 4.4%
1st ond 3rd 4th
Start-500m 500-1000m 1000-1500m 1500-Finish
n=26 n=16 n=13 n=29
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Recommendations:

UChoose the race strategy with faster
start section if you are going to win (or
die);

UChoose the race strategy with faster
finish and more even distribution of
efforts if you want to maximise your
result.

VR www.biorow.com

Modelling of the boat speed, stroke rate and

distance per stroke
+In swimming, there was used an index of speed/stroke distance
relationship (Keskinen 1989, Mason, 1996-2000)

. K (m%s)=V*D=D2*R/60=60V?/R
s, where V is swimming velocity, D is distance per stroke, R is stroke
rate.

sThis controversial index have no mechanical meaning. It always
decreases at higher stroke rate.

+In 1999, in collaboration with swimming coach Genady Touretsky we
developed a method for evaluation of the speed, stroke rate and
distance per stroke (DPS) based on the second order polynomial
equation

. V=aR2+bR +c.

sThe method was adapted for rowing and successfully used by

Vr.succesful rowing coach Paul Thompson in Australia and UK www piorow.com

NModel Iing Ot Distance per SIS WL1xX 16/01/2001

Modelling of Distance per Stroke ate | Kern
input 1 JAlex Popov  reese 10372001 [Input 2 [Wichael Kiim  reese 100372001 Jinput 3 [bavid Jenkins  reesve 1103200 PR 3] T : 5%, E 3
0 3 0 3 0 3 sfc 5E. & % cs§c 5. & %
£ o o 3 £ o o 3 £% 2 e 3 I3 g; .8 & 5 §c § #. E.S8 2
§8 E Ot s; & = | 88 & E_ 5. & 2 |88 B E_§: & & §z 8 3; £:8 & R Eo ot E58 & R
= B m = B 1 = B 1 36 2000 7247 450 985% 36 2000 8:00.1 417 99.9%
52 2238 | 0547 2.07__99.4% 58 2292 0561 202 957% 52 2356 0559 195 98.9%
e Speed W GO Speod oot G Sped oot God Rate | Time Speed %ol Strokes Time Speed %ol Strokes|
(strimin)| Time Som__(ms) _ Tme _0PS () Suokes@5q TmeSom _(ms) _ Tme _ DPS(m) Sokesa 5] TmeSOm _(mk) _ Tme _ DPS (m) Stokes ats (st/min)| 500m  (mis)  Progn. DPS(m) at500 500m__(mis) DPS (m) _at500
20 [ 3506 12 52 [ 328 114 5o5% 343 102 | 443 121 623w 364 95 BT L F TR um v Ty T B =
22 3121 136 9.4 34.04 123 60.9% 336 104 32.89 128 658% 350 10.0 . - o
24 29.68 145 9.7 32.23 131 65.0% 329 106 31.56 135  69.2% 337 10.4 i 2238 348 T74% 11.61 431 2372 318 1050 472
2 2501 153 99 | 3072 13 eee% 322 109 |41 141 724% 325 108 20 | 2172 364  8L0% 1093 457 2322 329 986 507
28 2734 150 102 | 2045 147 2% 315 w1 | 240 147 755% 315 11 2 2118 379 s43% 1035 483 2275 339 025 541
30 2603 15 105 |23 1ss 7e0% 308 114 | 2852 1sa 7ea% 305 s 2 | 2012 393 sra% 983 509 2230 350 874 572
32 2506 173 108 | 2145 1s0 9% 301 116 | 2n74 1ss s11% 295 s 60| 2033 405 02% 93 s34 2187 361 8% 601
3 2500 179 11 | 2666 16 s22% 293 119 | 2706 1ea s37% 288 122 &S e B2 B S Sy eh 22 e
36 24.44 185 114 25.97 172 85.0% 286 122 26.45 168 86.1% 280 12,5 .
38 23.97 189 1.7 25.39 177 87.5% 279 125 25.91 172 884% 272 12.9 3 1571 421 94.99 854 58.6 z107 383 7.65 654
a0 2357 103 121 | 288 1s2 sew 272 128 | 2544 176 905% 265 13z 32 | 1547 436 %9% 817 612 2070 394 738 617
a2 | 2323 19 124 | 245 1s6 s1ew 285 132 | 2801 10 925% 257  1as 34 | 1528 443 ew 782 630 60.9
48 | 2295 200 125 | 2408 189 sams 258 135 | 2464 Les 943% 251 140 3% | 1512 450 1000% 75 667 720
46 | 2274 20 132 | 2a78 13 ssaw 251 139 | 243 1er  960% 244 14d B3| 1409 455 1001% 718 60 740
a8 | 2257 205 137 | 2352 195 % 244 143 | 2603 1o0 o7s% 237 147
1490 459 102 72 758
s0 | 2245 206 141 | 233 1es orew 237 147 |28 1oz smew 231 1s2 B | Daee av o om0 e
52 22.38 20 147 2315 2.00 98.7% 230 15.2 23.56 1.95 100.0% 225 15.6 2 83 5: 02, 659 5.8 ”
s | 2235 20 152 | 2303 201 4w 223 157 | 233 1o7 1010% 219 1eo 44 | 1480 463 1030% 63 792 71
s | 2237 20 158 | 2205 202 9% 215 162 | 222 198 1019% 213 las r==——m—s
58 | 2243 206 164 | 2202 202 1000% 209 167 | 2310 200 1026% 207 169 f [
L +—71| |20 « ey
ot Seed (s ) oPS () « Alox Popov 451 ¢ ke ® wawe 4 Keny
= Wichael Kim
N L 10 -
1 - : Davd denkins n e e —ema
= s P —
< ~ — 292 "
1 1= 5 S 292 /_\>< 100
. | = Sy o
B 2 e 90
1 < a7
5 24 — — /' / 80
1 B == as
% 2 24 20 20 30 32 34 3 30 40 42 24 20 49 50 52 54 30 A | B 2 2 3 B B 2w . w0 © b w00 w6 .
a2 e
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What do we need to preserve at
increasing of the stroke rate?

U Distance per stroke (D) decreases at increasing of the
stroke rate, because time of the stroke cycle became
shorter

D=V*T=60V/R
U The main target is maintaining of force application (F),

stroke length (L) and technique efficiency (E)

U Effective work per stroke (We) integrates all abo!

parameters:

m

o We=F*L*

The method development, Step 1

U Hydrodynamic drag resistance force (Fd), speed (V) and

power (P) generated by athlete are related:
0] Fd=k*V?, P=V*Fd, P=k*V
U where k is some non-dimensional factor

U Effective work per stroke (We) can be expressed through
power (P) and cycle time (T), and then though speed (V) and

troke rate (R):

B/b/?ms www .biorow.com
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The method development, Step 2

U If effective work per stroke is maintained (We, = We,) at
two race sections with different stroke rate (R, and R),

then ratio of the speeds (V, and V,) at these sections is:

a

rioRew

The method development, Step 3

U The most practically convenient implication of the method is defining of
“prognostic” or “model” values of speed (V) and distance per stroke
(Dp), which would be achieved at the same effective work per stroke

) V=V, (R, [ R)
) D, =D, (Ry / Ry)

U Average values of speed and rate over whole race or test were used
as the base values V; and R,

U Ratios of the real values V and D at each section to the “model” values
were used for evaluation of the effective work per stroke

Eo (%) =D, /D,

il E, (%) =V, /V,

Speed

D =D, (R, / R,)

/

20 30 40 50 60

Vm =V, (R, / R}

Rate (1/min)

Dependence of the speed and distance per
stroke on stroke rate at the constant
effective work per stroke: “model” curves

VR www .biorow.com

120% Dspeed (%)

y =0.3586x + 0.6435

! . RP= 0.6696
i
110% i :
:
100%
b
90% v
i
! D eWPS (%)
80% T } T !
80% 90% 100% 110% 120%

Statistical validation of the method in rowing:
Correlation of the deviations of real speed form
“model” with measured eWPS from the average

in rowing crew (294 crews, 1444 samples)

VR www .biorow.com

e Stroke Rate: SD Speed ]

110%
1089%
100%

95%
Rate (1/min) poily

Angle 8%

e

Work per stroke

20 25 30 35|

L
m— \ Stroke Rate: S Speed
—2

110%
109
200%
o5
Rate (1/min) 0%
Angle 5%
0 25 30 35

2]

Work per stroke

Force Rate: sD Speed

110%
108%
100%
o6
Rate (U/min) 0%
ngle a5

| 27 29 31 39

KNN®
88BN
|

The method verification in rowing: Force curve, real (thin line)
and “model” (thick line) dependencies of V and SD on SR,
effective work per stroke during step test in three rowing crews
VR www .biorow.com

The Kleshnev’s method of V/SR/SD
analysis. Summary:

U 1. Acquire speed and stroke rate data in
sections of the race or incremental test;

U 2. Calculate SD and average values;

U 3. Calculate “model” values of speed and SD
using equations:

a V=V, (Ry/R)¥ D

m = DO (;RO / Rl)ﬂa

m

U 4. Calculate ratios of the measured values to
the “model” values

U 5. Enjoy your analysis!

VR www .biorow.com
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The presented method...

U ...can be successfully used for race analysis in
cyclic water sports (rowing, swimming, canoeing);

U ...can be employed for evaluation of the strength-
and speed-endurance using step-test in cyclic
water sports;

U ...do not require sophisticated equipment (stop

watch or StrokeCoach ® in rowing) and can be

used in every day training.

Training times at different stroke rates based
on constant eWPS

= =t U Based on MS Excel
spreadsheet;

U Inputs: Target race distance,
time and stroke rate, training
stroke rates;

U Additional inputs: “Extra eW PS”
(for power strokes), wind speed
& direction, water temperature,
current speed.

U Outputs: Training times at
various stroke rates, %% to the

i = = target speed, DPS (distance

o per stroke, N of strokes per
training piece.

U Rigging chart produces similar
results in interactive mode.

wyywy. hitp://biorow.corm/RiaChart. aspx

men's 100 free style final of Sydney-2000
B%mplc Games

VR www.biorow.com VR www.biorow.com
= e Analysis of race strategy in W8+ final of 2011
23 ("':/s) — Popov 65 7 Rate (L/min) :
a0 i Worlds in Bled
—— Walker Velocity / Average (%) | tion
~—— Frolander
e :g’;‘;'{"‘“" [ 1500m Laps (min:gec) 3 CD:J":W 1 - Hi, 131 —— »4, 1(:%),
20 L 2011,USAW8+FA 1 — 2011,CANWB+FA2 — - = —
——2011,GBR W8+FA 3 2011,ROU W8+ FA, CAN | 12% | -1.5% | -1.7% | 22% | 1.93%
R ~TT2011,NED,W8+,FA,5 2011, CHN,W8+,FAA GBR 0.6% -1.9% | -2.4% | 4.0% | 2.93%
o = X ROU 11% | -1.6% | -1.7% | 2.2% | 1.97%
25miseciions) 44 25m sections NED 3.2% -1.4% -1.9% 0.3% 2.28%
2.7 - DPS (M) 110% Effective Work per Stroke (%) CHN 22% | 32% | -1.0% | 2.1% | 2.59%
26 .
- 10596 U The winner US W8+ has
24 shown relatively the
23 100% 59 Velocity / 2011,USAW8+FA L slowest start 500m and
Ci A e N
2 : re ARIEge B Z0UCANWOLEAL the lowest variation of
2 2011,ROU,W8+FA4 i
- 9% ) R A the boat speed during
> 25m sections N \ —2011,CHN.W8+ FA the race.
: 1 2 3 4 90% 1 0
. N . 2
Analysis of Effective Work per Stroke in h - W
-2
-3
4

;

Analysis of the boat speed, stroke rate and
eWPS in8+\/V8+ final of 2011 Worlds in Bled

65 BoatSpeed(m) Wi Official GPS data was used form FISA site

[ Country [ cHN | RoU] [ [ [NED |
50 | Aversr | 384 | 387 | | | [ 384 |
45
40 QO The winner US W8+ has
roke R 1/min; )+
o] SreeRmeamn we shown the lowest average
ol TN = stroke rate over 2000m race

% 37.3 str/min,
2 N Ry o QU The winner had the lowest
=T s — rate over the 1st and last
\ 500m;
U The winner had relatively the
highest eWPS at the finish of

Thanks for your attention!

Banepwuii Knewuxes, KnH, CHC

Dr. Valery Kleshnev

BioRow Ltd.

Mob: +44 (0) 7768 481 119
e-mail: kleval@btinternet.com

BlisRon
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-10% >
—an —rou the race.
20% N 0
e p—
-30%
7 50 1000 1500 2000 www.biorow.com
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