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Muscle Force Optimization
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Muscle Force Optimization

https://github.com/lilipads/gradient_descent_viz
Animation of 5 gradient descent methods on a surface: gradient descent (cyan), momentum (magenta), 
AdaGrad (white), RMSProp (green), Adam (blue). Left well is the global minimum; right well is a local minimum.
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In mathematics, engineering, computer science and economics an 
optimization problem is the problem of finding the best solution 
from all feasible solutions.

minimize f(x)

subject to gi(x) ≤ 0, i = 1,…, m
hj(x) = 0, j = 1,…, p

Muscle Force Optimization
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Maximum and minimum values are called extreme values of the 
function .f(x)

Muscle Force Optimization
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Muscle Force Optimization

Graphical Behavior of Functions from Derivatives
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Minimum of  is same as maximum of -f(x) f(x)

Muscle Force Optimization
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Optimum solution of  or  same as that of cf(x) c + f(x) f(x)

Muscle Force Optimization
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Methods of Operations Research

Muscle Force Optimization
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Solving Optimization Problems

Muscle Force Optimization

https://docs.scipy.org/doc/scipy/reference/optimize.html

https://github.com/JuliaNLSolvers

https://docs.octave.org/latest/Minimizers.html
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Muscle Force Optimization

minimize f(F)

subject to 0.039FGAS + 0.036FSOL + 0.008FTP = 100

0 ≤ FGAS ≤ 4097
0 ≤ FSOL ≤ 6435
0 ≤ FTP ≤ 3052

One approach to solving an 
underdetermined problem is to 
modify the problem so that there 
a r e a s m a n y e q u a t i o n s a s 
unknowns. In our example, we will 
assume for simplicity that the 
dorsiflexors are inactive and 
g e n e r a t e z e ro f o rc e . T h i s 
assumption reduces the number of 
unknowns from five to three: the 
f o r c e g e n e r a t e d b y t h e 
gastrocnemius (which we will call 
FGAS), soleus (FSOL), and tibialis 
posterior (FTP).

The solution in this case 
is FGAS = 2564, FSOL = 0, 
and FTP = 0, because the 
gastrocnemius has the 
largest moment arm and 
therefore can generate 
t h e d e s i r e d a n k l e 
plantarflexion moment 
using the least amount of 
force.
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Covariance matrix adaptation 
evolution strategy (CMA-ES) is 
a particular kind of strategy for 
numerical optimization. 

Muscle Force Optimization
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Muscle Force Optimization

The Six Hump Camel Function
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Muscle Force Optimization
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Muscle Force Optimization

We can estimate the forces 
generated by each muscle during 
walking and running by repeating 
this analysis at evenly
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Muscle Force Optimization
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Muscle Force Optimization
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Musculoskeletal Modeling
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Musculoskeletal Modeling

10 Nm
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Musculoskeletal Modeling
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Musculoskeletal Modeling
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Musculoskeletal Modeling


