
P
os
te
d
on

2
J
u
n
20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
57
19
89
.9
59
82
75
9/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

Kinematic analysis and optimization of jerk using elasticity of

weightlifting bar in clean & jerk

Min Hyok Jon1 and Un-Ryong Rim1

1Kim Chaek University of Technology

June 2, 2023

Abstract

In order for weightlifters to achieve good technical skills in clean & jerk, a study of kinematic analysis and optimization of jerk

using elasticity of weightlifting bar in clean & jerk is conducted. First of all, barbell’s trajectory, which leads to derivation

of barbell’s velocity and acceleration over time, is tracked from video clip filmed the lifter’s performance by image processing

technology including pattern recognition. Since clean lift in clean & jerk is similar to snatch lift in principle, focus is only on jerk

just after finish of clean lift. Five kinematic characteristics- “Jerk-Preparing-Time”, “Jerk-Drive-Velocity”, “Jerk-Time”, “Jerk-

Offset” and “Jerk-Drop” are newly introduced to evaluate the jerk technique. Then, a kinematic model which is comprised

of springs and dashpots is proposed in order to simulate and optimize the jerk using elasticity of weightlifting bar. Spring

constant and damping coefficient of the model is estimated by analyzing the barbell’s oscillation on the shoulder. Besides,

spring constant is calculated by theory of bending of beam, as well. Finally, an optimal control problem based on the proposed

kinematic model is formulated and solved to optimize the jerk. The methodology is illustrated with case study, showing good

agreement with actual lifts. It could be useful for optimizing clean & jerk technique.

Hosted file

manuscript-JERK-2023-5-30.doc available at https://authorea.com/users/624970/articles/647087-
kinematic-analysis-and-optimization-of-jerk-using-elasticity-of-weightlifting-bar-in-

clean-jerk

1

https://authorea.com/users/624970/articles/647087-kinematic-analysis-and-optimization-of-jerk-using-elasticity-of-weightlifting-bar-in-clean-jerk
https://authorea.com/users/624970/articles/647087-kinematic-analysis-and-optimization-of-jerk-using-elasticity-of-weightlifting-bar-in-clean-jerk
https://authorea.com/users/624970/articles/647087-kinematic-analysis-and-optimization-of-jerk-using-elasticity-of-weightlifting-bar-in-clean-jerk

