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Main processes in warehouses

• Receiving

• Putaway

• Replenishment

• Orderpicking

Supplier Warehouse

Store Customer

E-commerceRetail



Challenges

• Volatility increases

• Demanding leadtimes

• Shortage of personnel

• Partially automated solutions
Smart Warehousing

Opportunities

• More data available

• Smart algorithms come available

• The use of robots is ‘accepted’

Smart Warehousing



Descriptive

analytics

Predictive

analytics

Prescriptive

analytics

What has 

happened?

What could

happen in the

future?

What is the best 

you can do?

Complexity

Value

Smart Warehousing and Gartner

Diagnostic

analytics

Why did it

happen? Add value
Focus on what is really needed and stop 

when the added value is not high enough

Think big, start small, scale fast
Iterative and agile way of working

Trust in model
Transparancy and validation

are important elements of the model

Cooperation 
Involve business experts, data 

scientists and stakeholders



Reasoning

Planning / 

Scheduling

Search / 

Optimization

Knowledge 

representation 

and reasoning
…

Machine learning

Supervised

Unsupervised

Reinforcement

Deep 

learning Robotics



Aiming for the minimal total costs

1. Efficient pick process in warehouse

2. Efficient fill process in stores

3. Number of carriers is minimized, and weight 

of carriers do not exceed the max legal weight

Outcome of algorithms can be steered by parameters

Optimal carrier and pickorder
Creates the optimal allocation of orders to carriers

Algorithm as an API



Based on the products on the carrier 

and their characteristics

Model that predicts the amount of 

unusable volume on a carrier 

because of imperfect stackability

Choice for regression model –

transparent, explainable, understandable

Model created based on 3D images 

Stackability



Stock levels may not be accurate

“Rubbish in = Rubbish out”

Stock level counting via camera’s

Counting stock locations
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Use of a Digital Twin
Digital representation of the warehouse



PREPARATION

• Workforce planning

• Slotting

OPERATIONAL CONTROL

• Monitoring and alerting

• Predict hours ahead

• Optimize processes

• Optimize workforce

DIGITAL TWIN

Operational tool to calculate

realtime scenarios, compare

those scenarios, optimize those

scenarios and take best decision

Week ahead Current day Day after

STRATEGICAL

TACTICAL OPTIMIZATION

• Warehouse design

• Development algorithms

REPORTING AND 

CONTINUOUS 

IMPROVEMENT

• Optimal vs Realization 

• Adjust parameters

Months ahead

Strategic tool to calculate the

impact of new warehouse 

design, new algorithms and

new processes

Retrospective tool to

compare realization with

optimal scenario to learn

and improve

Tactical tool with demand

forecast of the week ahead to

optimize workforce planning and

warehouse slotting/layout



The use of AI and Digital Twin to improve the warehouse process

Smart Warehousing

Smart warehousing is not only relevant in mechanised 

warehouses but also in manual warehouses

Start with a descriptive and diagnostic phase so you know 

what’s the best to optimize

Smart Warehousing is relevant throughout the whole 

warehouse process, from warehouse design, planning to 

operations

A Digital Twin supports you on that and gives you the 

opportunity to simulate and optimize processes, also realtime

Take aways



Thank you
Are there any questions?

Monique van den Broek
mvandenbroek@cqm.nl


