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Airport Baggage Handling Systems 



Outline 

• Challenges 

– Performance:  

• Spatially dispersed 

• Real-time requirements 

– Engineering  

• Re-use  

• Verification and Validation 

• Distributed approach 

• Pathway 

– Performance and class-oriented design pattern 

– Migration  

• Re-use of PLC code inside of IEC 61499 FBs  

• Semantic model 

– Testing 

 

 



Machines need more Intelligence ! 



Future BHS parts will be smart, 
having embedded controllers on 
board 

Conveyors already have a motor control unit and network connectivity, 
so it won’t be a big deal to equip them with the function blocks 
execution capability 

Truly Distributed Control Potential  



If we have several conveyor 
sections interconnected like this: 

Then the control program will look  
like this network of function blocks 

And if we add one more conveyor, then 
the program will be augmented with 
one more function block! 

Modular Machines = Modular Code 



Intelligent Distributed BHS  

• Truly distributed logic 

• Each conveyor and mechatronic object may 
have its own controller hardware 

• Communication between components 



Design Pattern:  
Generic Conveyor Function Block 

• Encapsulates functionality of a single conveyor 

– Merge 

– Divert 

– Routing and tracking 

– Emergency/Cascade stop 

Diverter 



Modelling the Conveyor 

• IEC 61499 Composite Function Block 

• MVC Design Pattern 

– Distributed Control Design 

 

C 



Modelling the Conveyor 

• IEC 61499 Composite Function Block 

• MVC Design Pattern 

– Distributed Control Design 

– Behavioural Model 
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Modelling the Conveyor 

• IEC 61499 Composite Function Block 

• MVC Design Pattern 

– Distributed Control Design 

– Behavioural Model 

– Visualization 
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Modelling the Conveyor 
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Visualization 

• Gives a quick view of the system state 

• Generated based on graph model of BHS 



Distributed Algorithms 

• Merging, Diverting, Fault tolerance handled 
using distributed techniques 
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Distributed Routing 

Network of 5 conveyors with distance metrics and 
the routing tables for Node A at time t=0 and t=1 
 

Distributed Bellman-Ford algorithm is 
applied 



Scaling 

Conveyor 



Distributed FB Testbed with 50+ Nodes 

PC 

Ethernet Switch 

CN1 CN2 CN3 CN4 CN5 CN6 CN45 CN46 CN47 CN48 CN49 CN50 … 

Yan J., and Vyatkin V., “Distributed Execution and Cyber-Physical Design of Baggage Handling Automation with IEC 

61499”, 9th International IEEE Conference on Industrial Informatics, (INDIN’11), July, 2011, Lisbon, Portugal 

http://www.ece.auckland.ac.nz/~vyatkin/mhsbhs.html
http://www.ece.auckland.ac.nz/~vyatkin/mhsbhs.html
http://www.ece.auckland.ac.nz/~vyatkin/mhsbhs.html
http://www.ece.auckland.ac.nz/~vyatkin/mhsbhs.html


Performance? 

Network traffic for 3 selected control nodes 

Network traffic and response time have been measured using PRTG Traffic Analyzer. 

Event transmission delays between 
two control nodes 



Object Oriented Design 

 Connect FBs 
according to 
physical layout 



FB Program Structure for BHS PLC Program Structure 

Migration to Object-oriented Architecture 



Class-Oriented Design 

 Connect FB Class with Physical Input and 
output FBs 

W. Dai, V. Vyatkin, “Redesign Distributed IEC 61131-3 PLC System in IEC 61499 Function Blocks”, IEEE 

International Conference on Emerging Technologies and Factory Automation (ETFA’10), Bilbao, Spain, 

September, 2010 



FB Program Structure for BHS 

PLC Program Structure 

? 

Semantic model  of automated BHS 
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