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Using optimisation to help plan 
training loads



I do not claim to be able to find, 

or that there even exists, 

a truly “optimal” training plan

But the task of planning training is real –

and I think some of the methods I will present can help
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Optimisation in applied mathematics

Take a real world problem that has decisions

and consequences

Write out the problem in equations

Use maths + computer science to find the best solution



• A factory produces bicycles (B) and tricycles (T) that 

profit $30 and $50 respectively.

• There are 40 hours in a working week 

• Can make maximum 25 bikes and 15 tricycles per hour

• Enough materials to make maximum 500 of each

• The factory would like to maximise their profit
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B
(decision variable)

T
(decision variable)

𝟓𝟎 ⋅ 𝑩 + 𝟑𝟎 ⋅ 𝑻
(objective)

Optimal choice of B and T
(for the problem defined)
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• Can the task of planning and progressing training loads be formulated 

as an optimisation problem?

• AFL pre-season as a test case

• Long period of time (lots of decisions)

• Relative freedom (each club decides their pre-season – league sets the 

fixture)



So what did we do?

• Can the task of planning and progressing training loads be formulated 

as an optimisation problem?

• AFL pre-season as a test case

• Long period of time

(lots of decisions)

• Relatively high freedom 

(each club decides their pre-season – league sets the fixture)



Day 1 pre-season Round 1

?

Ready for 
match 

demands

Off-season 
condition

125 days
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Decision variables

125 days of pre-season = 125 decision variables

Day 1 pre-season Round 1125 days

…

Something that can be controlled. 
We considered:
• Total session distance
• Total session high speed running



Constraints

• Pre-season matches on days 98, 104, 112 (𝑤98,104,112 = 11,220 m)

• AFL match on day 125 (𝑤125 = 13,200 m)

• Sundays off (𝑤𝑆𝑢𝑛𝑑𝑎𝑦𝑠 = 0m)
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• Maximise total pre-season volume
• Simple first attempt

• Corresponds to more time with coaches/learning game plan/training skills



Objective function

• Maximise total pre-season volume
• Simple first attempt

• Corresponds to more time with coaches/learning game plan/training skills

𝑚𝑎𝑥𝑖𝑚𝑖𝑠𝑒:

“Just add up the load from 
each day”



Assumptions

• Off-season chronic training loads

• Need to assume a baseline value

• Interesting to see the effect of varying this parameter

(i.e. what are the effects of players coming back in better/worse condition)



Attempt 1

𝑤𝑠𝑢𝑛𝑑𝑎𝑦𝑠 = 0

Off-season chronic load = 14 𝑘𝑚/𝑤𝑘

0.6 < 𝑟𝑖 < 1.3

[maximise total pre-season volume]

[keep the load progression reasonable]

[not allowed to do more than 50km in a day]

[Sundays off]

[assume off-season maintenance of 14km/wk]
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Attempt 1

1500 km pre-season

Super high chronic 
load
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Off-season chronic load = 14 𝑘𝑚/𝑤𝑘

0.6 < 𝑟𝑖 < 1.3

[upper limit on 3-week chronic load from Colby et al. 2014]

Rest days (2 in each 7 day window) - manual [known as a cardinality or 𝒍𝟎 − 𝒏𝒐𝒓𝒎 constraint. Very hard to get convergence]



Attempt 2

𝑤𝑠𝑢𝑛𝑑𝑎𝑦𝑠 = 0

Off-season chronic load = 14 𝑘𝑚/𝑤𝑘
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Starting to look feasible



Attempt 2

𝑤𝑠𝑢𝑛𝑑𝑎𝑦𝑠 = 0

Off-season chronic load = 14 𝑘𝑚/𝑤𝑘

0.6 < 𝑟𝑖 < 1.3

450 km 
pre-season

3-week load 
below limit

Rest days (2 in each 7 day window) - manual



Let’s try changing the objective 
function



Objective function

• Maximise Banister model projected performance @ Round 1
• Includes consideration for the fatiguing effect of training

• Being ready for Round 1 might be a more realistic goal

• Still relatively simple

Training
session



Objective function

• Maximise Banister model projected performance @ Round 1
• Includes consideration for fatiguing effect of training

• Being ready for Round 1 might be a more realistic goal

• Still relatively simple

𝑚𝑎𝑥𝑖𝑚𝑖𝑠𝑒:

“Projected performance level 
on day 125 (Rnd 1)”



Optimisation solver is 
iteratively updating the 
training plan

ACWR each day is changing 
but stays within the defined 
constraints

Each iteration is improving 
the objective function𝑤𝑠𝑢𝑛𝑑𝑎𝑦𝑠 = 0

Off-season chronic load = 14 𝑘𝑚/𝑤𝑘

0.6 < 𝑟𝑖 < 1.3

Rest days (2 in each 7 day window) - manual



So it works…

• Take a few simple rules about training progression

• Define a goal

• Press go

• Generates the optimal solution (*to the problem you specified*)



A: maximise total volume B: maximise Banister projection



A: maximise total volume B: maximise Banister projection

Frequent training leading up to round 1
(squeeze out as much volume as possible)

Cessation of training before round 1
(decay fatigue component of model – peak)



A: maximise total volume B: maximise Banister projection

Both reach full match loads before Christmas



A: maximise total volume B: maximise Banister projection

Both reach full match loads before Christmas

But this is just a made up program

No-one ever did it

What’s the point?



Applications



• Rapid testing of ideas
• Change a parameter/constraint/objective and see the effect in seconds

• Cost-benefit simulations
• How much extra PS volume if off-season loads increased by 50%?

• How much extra training can we do if increase the allowable risk?

• Approach is fully customisable
• Program with a different load metric? – just plug it in

• Want to use a different objective? – just plug it in

• Want to use different injury risk constraints? – just change them

• Different sport? Different timeline? – just change the numbers

• Totally objective – no risk of subjective bias creeping in



Increase off-season total 
distance by 7km/wk

Not much flow on effect to 
total pre-season volume



Increase off-season high 
speed running load by 75m

Large flow on effect to total 
pre-season HSR allowed by 
the model
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Optimisation finds the optimal solution *to the problem specified* -
up to us (sports sci research and practitioners) to pose the correct problem

We have done a very loose approximation of reality
• Limited evidence of Banister model in AFL

• Injury risk estimates are likely imprecise

If we can write down objective functions and constraints that better 
capture reality then the outputs will be better
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Interested?

• Paper in IJSPP

@david_carey1
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