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Abstract

Water polo, also known as “water football,” is a collective ball game that combines swimming,
handball, and volleyball in the water. While conducting practical leg alternative balancing motion,
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it is necessary to analyze the force situation and basic mechanical laws of water polo players in
maintaining balance in water from a theoretical perspective, in order to obtain the frequency at
which a normal body shape (fat and thin) adult needs to alternately push (step on the water) their
legs under the minimum body energy consumption condition if their arms can be above the water
surface. Based on the general law of water polo players stepping on water, this article establishes
a four rigid body model of the human body through dynamic and kinematic analysis. For this
model, this article refers to the relevant data from HANAVAN et al.’s research on human dynamics,
solves the unknown parameters in the model, and obtains a definite model. In order to obtain the
minimum Kicking frequency and maintain the lowest physical energy consumption of water polo
players, this paper uses genetic algorithm and takes the kicking frequency as the individual fitness
to solve it. In order to verify the stability and reliability of the model, this paper conducts sensitiv-
ity analysis on the results solved by genetic algorithm, and finds that the minimum frequency of
water stepping that can keep the human body stable is 2.5 Hz.
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Table 1. Key parameter mathematical symbols
F 1 XESERFHS

Symbol Description Unit
B, NARSERAL
m; NN mg
Iy H R By cm
o] NS
0; e 2 1) A O B £
w IZYICTES r/min

2.3. AEHRFREE L

2.3.1. IKERREFNRFRKH—RHE
VAT BHUR RS 5 /KRl S O 2 BRTH AR . RG MR m, N KK AR 77 UL ER 7K
P3RS () S A 122 A1, AR B WL 1o ARAE S0 FE A 2R 8 3 LA 10 R 038 5 7

ma =N -mg 1
NARTE 7K A PR e B 20036 2 DA 2% A2
N-mg—>0,a—0 2
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Figure 1. System force analysis
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Figure 2. Schematic diagram of hydrodynamic resistance in planar motion of a cylinder
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Figure 3. The appearance model of MCGS software design
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: AR
New Function (User) Fit of Sheetl
Model New Function (User)
Equation A*XNSHB*xM+C*
1201 X 3+D*xA2+E*x+
F
100 Reduced Chi- | 18.29004
Sqr
Adj. R-Square | 0.98346
}g} 80 - Value Standard Error
— A A 1 0.16332
— 60 =34 B -19.18561 | 3.27255
AR ¢ 135.7197 24.43993
40 — AE D -442.70833 | 83.5616
aE E 678.88636 | 127.51591
20 ‘ ] ] ‘ ] ‘ aE F -323.57143 | 66.82352
1 2 3 4 5 6 7
BHiE (s)
Figure 4. Origin software fits curves
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Figure 5. Changes in the angle between each torso over time during water stepping (positive force stage)
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Figure 6. Changes in the angle between each torso over time during water treading (reverse force stage)
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Table 2. Human body related datae

2. NMAHEXBIE
5 # )i m (ko) B4 ) (kg-em?) BB L (cm)  FULE O AKRE I (cm)
1 2.2 141 14.0 9.5
2 7.2 825 38.4 22.1
3 14.7 1834 38.4 22.0
4 48.3 22,750 75.4 335

JK I35 FEEL 997 Kg/im®,  NAERIEFI 2% /A :(10), g BX 9.98 N'm.
22 ST N K TR B THE R KB R BT AL [9], BUKIIBLII R ¥ C, A 0.44. BB BT &
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Figure 7. Resistance coefficient of water
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£ BRI RS VA IMARE R L F NOREIA R AR BB, AR AR S SR AP EN 10 E J 1000
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Figure 8. Genetic algorithm process
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Figure 9. Stability analysis
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