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Phase 1
Identification 

of the problem

Phase 2 
Formulation of 

problem 
approach

Phase 3
Analysis of the 

problem

Phase 4
Generation of 

alternative 
solutions

Phase 5 
Choice of the 

best alternative

Phase 6 
Implementation of 

the chosen 
solution

Phase 7 
Evaluation of 
process and 

outcome



 

Effects for storage allocation/operations
Creating an implementation model that determines which orders should be processed by the autostore, in which sequence and using which 

machines or processing paths 

Selection of the best solution

Weighing of different KPIs and adressing pros and cons of the alternatives

Layout evaluation

Simulation study Productivity evaluation for all alternatives

New layout design

Elaborated versions of the alternatives generated in the previous phase

Generation of alternatives

Using internal and external ideas for new layout designs

Current situation analysis
Requirements for product 

families
Requirements for the processing 

line
Customer requirements 

Expected growth and 
innovations



 

2
• Literature research - Which relevant theory can be found in literature?

1
• Current situation analysis - What does the current system look like in detail?

• Model design - How can we model the AutoStore order processing line?

3
• Generated alternatives - Which promising alternatives should be investigated?

4, 5
• Evaluation of alternatives - What will be the effects of the various new layouts?

• Conclusion, recommendations and further research
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𝑚𝑖𝑛 ∑ ∑(𝑐𝑖𝑗
𝐻𝑑𝑖𝑗

𝐻 + 𝑐𝑖𝑗
𝑉 𝑑𝑖𝑗

𝑉 )𝑓𝑖𝑗

𝑁

𝑗=1

𝑁

𝑖=1

𝑐𝑖𝑗
𝐻 𝑑𝑖𝑗

𝐻

𝑐𝑖𝑗
𝑉 𝑑𝑖𝑗

𝑉  

𝑓𝑖𝑗

 





 



𝑎𝑖𝑗  =  1 𝑖𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑖 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑠 𝑎𝑛 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑗 , 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑆𝑖𝑗
𝑚 =  

∑ 𝑎𝑖𝑘𝑎𝑗𝑘
𝑝
𝑘=1

∑ (𝑎𝑖𝑘+𝑎𝑗𝑘−
𝑝
𝑘=1 𝑎𝑖𝑘𝑎𝑗𝑘)

𝑆𝑖𝑗
𝑚 𝑎𝑖𝑘

𝑆𝑖𝑗
𝑝

=  
∑ 𝑎𝑘𝑖𝑎𝑘𝑗

𝑚
𝑘=1

∑ (𝑎𝑘𝑖+𝑎𝑘𝑗−𝑚
𝑘=1 𝑎𝑘𝑖𝑎𝑘𝑗)

 



𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 ∑ ∑ 𝑆𝑖𝑗
𝑝

𝑥𝑖𝑗

𝑝

𝑗=1

𝑝

𝑖=1

                              𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜:

∑ 𝑥𝑖𝑗 = 1,

𝑝

𝑗=1

    𝑖 = 1,2, … , 𝑝

∑ 𝑥𝑗𝑗 = 𝑛

𝑝

𝑗=1

,

𝑥𝑖𝑗 ≤ 𝑥𝑗𝑗,    𝑖, 𝑗 = 1,2, … , 𝑝,

𝑥𝑖𝑗 ∈ {0,1}, 𝑖, 𝑗 = 1,2, … , 𝑝,

𝑆𝑖𝑗
𝑝

𝑥𝑖𝑗

𝑥𝑖𝑗 = 1 𝑥𝑖𝑗 = 0 𝑛

 



𝑊𝑜𝑟𝑘 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑠 𝑘 =  1, … , 𝑚  

𝑇𝑎𝑠𝑘 𝑠𝑒𝑡 𝑉 =  {1 … 𝑛} 

𝑇𝑜𝑡𝑎𝑙 𝑤𝑜𝑟𝑘𝑙𝑜𝑎𝑑 𝑓𝑜𝑟 𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑖𝑛𝑔 𝑜𝑛𝑒 𝑤𝑜𝑟𝑘𝑝𝑖𝑒𝑐𝑒 =  𝑡𝑠𝑢𝑚  

𝑆𝑒𝑡 𝑜𝑓 𝑡𝑎𝑠𝑘𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑡𝑜 𝑤𝑜𝑟𝑘𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑘 =  𝑆𝑘 (𝑘 = 1, … , 𝑚) 

𝑆𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 =  𝑇(𝑆𝑘)  =  ∑ 𝑡𝑗
𝑗𝜖𝑆𝑘

 



𝑀𝑖𝑛 ∑ ∑ |𝑇(𝑆𝑥) − 𝑇(𝑆𝑦)|

𝑦𝑥

 

𝑇(𝑆𝑥)  =  ∑ 𝑡𝑗𝑗𝜖𝑆𝑥
 

𝑇(𝑆𝑦)  =  ∑ 𝑡𝑗𝑗𝜖𝑆𝑦
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