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MOTIVATION

COMPLEXITY
Traditional methods perform activity-based planning, which does not model the cause-effect relationships among
project variables.

Rather, the dynamics of a construction site can be studied as an emergent property from interactions between
resources on-site and the environment. 
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LEAN CONSTRUCTION
Respect- and relationship-oriented production management-based approach to project delivery. 

Currently, about 50% or more of the effort 
required to deliver a built environment is non-
value added effort, or waste in the eyes of the 
customer.
In addition, the effectiveness of a labour hour has 
not improved in the last 50 years, while other 
industries have seen significant advances.



DEALING WITH EMERGENT BEHAVIOUR

Initial work planning must be limited to the short term and must continuously be updated as a consequence of the 
feedback of the actual status of resources and processes.
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Lean Construction (e.g., LPS) Analysis of workflow variability

Ref.:
Nelly P. Garcia-Lopez and Martin Fischer, A Construction 
Workflow Model for Analyzing the Impact of In-Project 
Variability, Construction Research Congress 2016

Ref.:
Lean Construction Institute, THE LAST 
PLANNER PRODUCTION SYSTEM WORKBOOK, 
version 2.0, March 2007.

Activity-based planning



THE HOLONIC APPROACH
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It imitates real world process of systems, where the global behaviour emerges as a result of interaction 
between agents. It can take advantage of BIM-based structured information.

HOLONIC EXECUTION SYSTEMS

Holons = autonomous self-reliant units. Having a degree of independence, which can handle contingencies without 
asking higher authority for permission.

Holarchy

Hierarchical Heterarchical

RobustAccurate



OUR APPROACH
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Work planner and 
update of the 
baseline

Input data:
• tasks and 

relationships;
• resources (crews);
• setup time matrix;
• Take-off
• etc...

Output from work 
planning:
• Flow-lines;
• Gantt chart;
• Resource 

schedule.

Spatial simulation

Spatial Interaction 
Environment

and
Holonic Management 
Interface

If required (re-planning), until work completion

Need for data conversion and management

Ref.: EU Project Encore (Grant agreement number: 820434), https://encorebim.eu/ , An Energy-aware and cost-effective BIM Cloud Platform for Building 
Renovation.

https://encorebim.eu/


TURNING BIM MODELS INTO PROCESS MODELS
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BUISNESS PROCESS MODELLING NOTATION

Example of tool:  Construction Simulation Toolkit – CST (Ismail and Scherer 2014)

It uses BPMN to capture and arrange the domain expert knowledge and transform it into simulation processes, 
coupling logistics and production in one environment

Process
Input Output

relationships

• Representation of workflows

• Standardization of notation

Documents Decisions and gateways



BPMNs INTEGRATED IN PLANNING
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Advantages provided by BPMN:

- The schema of resource combination defined prior to simulation and scheduling, is flexible;

- It can dynamically calculate the duration of activities, as a consequence of the real conbination of resources;

- It supports the application of corrective actions, due to the unexpected during work progress;

- It combines information deriving from diverse sources, in terms of types and origins;

- The graphical representation of BPMN make the models easy to understand and communicate. 



DATA INTEGRATION THROUGHOUT THE PLANNING PHASE
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Input from the 
IFC model

From product- to 
process-based planning

Instantiation of activities 
and definition of crews

Explicit assignment of 
resources to activities

Computation of the 
work plan

Monitoring and update 
of the work plan

Progress input through
RESTful API from 
construction sites



COMBINATION OF PROCESSES, RESOURCES, COST ANALYSES
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Product: the product model has been assumed as broke-down according to the IFC standard 
Price list: every record is uniquelky identifiable over the Internet (URLs identified and stored as JSON documents of a 
graph DB).
Operational resources: the minimum set of required resources is specified by the price list items associated with tasks 
Processes: they are described by BPMN, represented as XML-based notation.

    

                   

                

    

  

    

             

        

                    

                     

                  

             

             

           

                  

                

                

    

    

    

    

    

    

    

    

    

    

      

             

              

         

             

              

          

  

    

    

    

   

    

                   

            

      

     

        

  

    

        

     

  

      

       

        

          

           

  

    

    

        

          

        

             

           

    

 

    

     

  

    

         

         

            

        

     

            

    

    

    

 

                

    

     

        

    

     

   

     

         

    

         

      

             

    

     

        

    

     

   

     

          

             

           

    

     

        

   

     

      

 

 

    
 

 

    

 

 

    

 

 

        

  

    

           

             

     

   

    

        

 

    

 

    

           

  

       

    

     

    

 

 

    

    

    

    

    

         

                 

      

      

UML class diagram of the information model



CASE STUDY: RETROFIT 
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Pilot of ENCORE Project (H2020) - https://encorebim.eu/ .

Same process, several
deliverables

Weeks

1 2 3 4 5 6 7 8 9 10 11 12

Task 1

Task 2

Task 3

Task 4

Task 5

In fact, the user is unable to optimize the 
sequence of tasks into a definite job logic.

https://encorebim.eu/


DEVELOPMENT OF THE JOB LOGIC
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1. Import of models and definition of groups of deliverables

2. Process modelling and association with price lists

AWOPS (tool of ENCORE Portal): Automated Work Planning Service

Input popular format: .csv

Price list format: .xml

Grouping …

Link

REST API

Definition of crew and 
resource types per task is
included in the price list



DEVELOPMENT OF THE JOB LOGIC
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3. Crews and resource types are associated automatically

4. Every process will be instantiated into as many instances (i.e. activities) as the number of associated Deliverables

Activities associated with a Deliverable. The process containing those taks. Resource list associated with a task. 

Conversion from 
.xml into .json

Input into the 
planner service



DEVELOPMENT OF THE JOB LOGIC
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5. The ACO stigmergic algorithm finds a feasible solution optimized with respect to a cost function

The planning algorithm is based on the multiple ant colony system for vehicle routing problems with time windows 
(MACS-VRPTW).

𝑃𝑛 =
𝜏𝑖𝑗 ∗[η𝑖𝑗]𝛽

σ𝜏𝑖𝑗 ∗[η𝑖𝑗]𝛽

𝜏𝑖𝑗 = 1− 𝜌 ∗ 𝜏𝑖𝑗 + 𝜌/𝐽ψ

𝜏𝑖𝑗 = 1− 𝜌 ∗ 𝜏𝑖𝑗 + 𝜌 ∗ 𝜏0

antCost = TourCost + OverheadCost

Tour cost =
TourTime * model.HourlyCost (crew 
cost)

OverheadCost =
endTime * model.jobSiteCost

Initialization

Put ant «k» in 
node «i»

Choose
probabilistically

task
Time window 
Attractniveness
Feasibility

Local and 
global updating

BestSolution

Planning phase supported
by the ACO algorithm

First work plan or 
baseline



FIRST WORK PLAN AND UPDATE NO. 1
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In this scenario D1 has run late. 

The expected consequence is that D2 and D3 be 
delayed, which would impact D4 (crew no. 2).

However, the planner reassignes Crew no. 1 
involved in D2 and then D3, which does not delay 
the work of Crew no. 2 at all.

Control Phase

Spatial
simulator

Input file 
update

New updated
work plan 

ACO 
algorithmWork progress

Generalized procedure



CONCLUSIONS
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• Some algorithms, such as stigmergic ones, can support work planning at runtime, however they require the use of a 
notation that models process and not products

• BPMN is a good notation to define processes

• BPMN can arrange information properly and itnegrate information about work progress, and can trigger planning 
algorithms to update work plans continuously

• The job logic and duration of activities is the result of the combination of involved resources, hence this is abel to 
cope with the complexity of construction projects
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