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Trajectory Planning of a Soccer Ball Considering Impact Model of
Humanoid and Aerodynamics
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Abstract : Usual human gait can be modeled as continual impact phenomenon that happens due to the topological change of the
kinematic structure of the two feet. The human being adapts his own control algorithm to minimize the ill effect due to the collision
with the environment. In order to operate a Humanoid robot like the human being, it is necessary to understand the physics of the
impact and to derive an analytical model of the impact. In this paper, specially, we focus on impact analysis of the kicking motion in
playing soccer. At the instant of impact, the external impulse exerted on the ball by the foot is an important property. Initially, we
introduce the complete external impulse model of the lower-extremity of the human body and analyze the external impulses for
several kicking postures of the lower-extremity. Secondly, a trajectory-planning algorithm of a ball, in which the initial velocity and
the launch angle of the ball are calculated for a desired trajectory of the ball, will be introduced. The aerodynamic effect such as drag
force and lift force is also considered. We carry out numerical simulation and experimentation to verify the effectiveness of the

proposed analytical methodology.

Keywords : external impulse, impact, soccer, trajectory planning, aerodynamic forces
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Fig. 1. Impact in sports action.
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Fig. 3. Kicking model of a human leg.
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Table 1. The size and inertia of the human model.
Length(m ) Mass(*2 ) Tnertia( %2 ')
Thigh 0.371 7 0.08
Shank 0443 3 0.049
Foot 0.145 1 0.0018
X 2 9% 4%
Table 2. External impulse.
case (a) case (b) Case ()
X (N's) 1346 0.817 0559
Y (N's) 0.777 0472 0323
Total (N's) 1.554 0.944 0.646
Vv
- vo/v

(a)

a9 8 A= 29 A5 4%
Fig. 8. External impulse of kicking motion.
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Fig. 9. Planar trajectory of a flying ball.
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Table 3. Simulation data.

External disturbance wind None
Air density 1220[Kg/m’]
Radius of ball 0.1 [m]
Mass of ball 045[Kg ]
Coefficient of Viscosity 1.8E-5
Gravity acceleration 981 [m/s] 2 ? s £
- 8
Foot velocity 1.2[m/s] 5 ! ° 5
) <1
1 =

2.0 k4
—_ R ° 1 o
E 18 P \\\\\ Z(Distanc;e)[m] 2
T # 7 \\\
L 2% 10 vk 39 3k #E.
S’ 054 \\ Fig. 11. Three-dimension trajectory of a flying ball.
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velocity velocity | angle(deg) |  vel[mys] Fig. 12. Initial velocity profiles of the soccer ball(back and side
Case | 1282 379 28.62 12 view).
Case 2 12.81 542 28.67 12
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Fig. 10. Trajectory for different impact position.
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= ARk O A5 A|Hel ddshe 7)1l Aotk Fig. 13. Trajectory of a particle under the gravity field.
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Fig. 17. Experimental setup for kicking a soccer ball.
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Table 4. Experimental result for different impact angles.

(b) Isometric view

Imz?c;;i?mt Foot velocity Distance [m]
[ms] - - -
6 [deg] Experiment Simulation
30 22 39 375
40 22 6.5 6.86
50 22 7.5 8

£ 5 T 99E Sxo g 49 A%

Table 5. Experimental result for different impact velocities.

Impact .
Attack pac Foot Distance [m]
point of .
angle ball velocity
Experiment Simulation
fdeg) | ooy | I xperim u
20 50 - 22 7.5 8
20 50 20 63 6.75
20 50 1.8 53 5.53
% 6 7179, B9 g,
Table 6. Kinematic, dynamic parameters.
Thigh Shank Foot
Link length (m) 04 0.396 022
Weight (kg) 1.712 1.074 0.57
Inertia (kg'm?) 0.02305 0.01413 0.00055
Mass center (m) 02 0.198 0.073
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