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Carleton University Centre on Visualization 
and Simulation (V-Sim – CFI funding)

▪ Interdisciplinary research
– Systems Engineering
– Mechanical & Aerospace
– Cognitive Science
– Architecture

– ARSLab
– 3 Invited Professors

– 4 Postdoctoral Fellows

– 8 Ph.D. and 4 Masters students; 5 UG

– 7 Postdocs, 16 Ph.D. and 55 Masters Students graduated since 2000

– 95 UG students supervised since 2000 (Engineering Capstone Projects)



Research Support

http://www.precarn.ca/home/index_en.html


Alumni



Cyber-Physical Systems



M&S for Building CPS



Model Transformation

TA Controller model in 
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CD++ Builder Environment



M&S for Building CPS
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DIFFUSION ABSTRACT MODEL

                                                                

NEP AGENT BASED MODEL

AGENTS

 - People working in the emerengy
 - Each agent is defined in an XML file

AGENTS

 - People working in the emerengy
 - Each agent is defined in an XML file

<?xml version="1.0" ?>
<AgentBehaviour>
  <Id>First Responder 20</Id>
  <Location>55D6</Location>
  <ReactionTime>00:00:10:000</
ReactionTime>
  ...
  ...
  ...
</AgentBehaviour>

<?xml version="1.0" ?>
<AgentBehaviour>
  <Id>First Responder 20</Id>
  <Location>55D6</Location>
  <ReactionTime>00:00:10:000</
ReactionTime>
  ...
  ...
  ...
</AgentBehaviour>
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NEP NETWORK MODEL

Id Label 

1 Nuclear Emergency Plan Director 

2 PENCRA Director 

3 NSC Inspector at the NPP 

4 NSC President 

5 Government Presidency 

… … 

 

Source Target Label 

16 323 Fax 

16 324 Fax 

16 325 Fax 

16 326 Fax 

325 368 Fax 

325 369 Fax 

1 2 Phone 

1 3 Phone 

1 4 Phone 

1 5 Phone 

… … … 

 

NODES LINKS

NODES + LINKS =

𝐴𝑀 = < 𝑋,𝑌, 𝑆, 𝑡𝑎, 𝛿𝑒𝑥𝑡 ,𝛿𝑖𝑛𝑡 , 𝛿𝑐𝑜𝑛 , 𝜆 > DEVS
𝐶𝑀 = < 𝑋 ,𝑌 ,𝐷, {𝑀𝑖}, {𝐼𝑖}, {𝑍𝑖 ,𝑗 } > 

C++ functions 

CDBoost

1 using namespace std; 

2 using namespace cadmium; 

3 using namespace nep_structures; 

4 using namespace nep_model_enum_types; 

5 

6  struct switch3Out_defs{   //Port definition 

7    struct sendOut : public out_port<MSG> {}; 

8    struct answerOut : public out_port<MSG> {}; 

9    struct decideOut : public out_port<MSG> {}; 

10    struct communicationIn : public in_port<MSG> {}; 

11    struct setAnswerIn : public in_port<SET_STATE_ANS> {}; 

12    struct setDecideIn : public in_port<SET_STATE_DEC> {}; 

13    struct setSendIn : public in_port<SET_STATE_SEND> {};         }; 

14 

15  class switch3Out {  // DEVS atomic model definition 

16    public: 

17     DeviceType id; //Parameter 

18      enum SwitchState{ANSWER, SEND, DECIDE};   //state definition 

19      state_type state; 

20      struct state_type{ 

21      vector <MSG> outMsg; 

22      SwitchState  state;  };           

23 

24      switch3Out(DeviceType Id) noexcept {  //constructor 

25        id = Id;  

26        state.outMsg.clear();     

27        state.state = SwitchState::DECIDE;  }         

28 

29        void internal_transition() { // internal transition 

30          state.outMsg.clear();    } 

31 

32       void external_transition(TIME e, typename make_message_bags<input_ports>::type mbs) { 

33         int bug = 0; 

34         if (!get_messages<typename defs::setAnswerIn>(mbs).empty()){ 

35           state.state = SwitchState::ANSWER;  

36           bug++;    } 

37         if (!get_messages<typename defs::setSendIn>(mbs).empty()){ 

38            state.state = SwitchState::SEND; //multiple call equal one call 

39            bug++;   }  

40         if (!get_messages<typename defs::setDecideIn>(mbs).empty()){ 

41            state.state = SwitchState::DECIDE; //multiple call equal one call 

42            bug++;   } 

43         for (const auto &x : get_messages<typename defs::communicationIn>(mbs)) { 

44             if(x.to.type == id) state.outMsg.push_back(x);   }  

45         if (bug > 1) throw std::logic_error("Contradiction to set states");   

46       } 

47 

48          typename make_message_bags<output_ports>::type output() const { // output function 

49            typename make_message_bags<output_ports>::type bags; 

50              switch(state.state){ 

51                 case SwitchState::ANSWER: 

52                    for (int i = 0; i < (state.outMsg.size()); i++) 

53                      get_messages<typename defs::answerOut>(bags).push_back(state.outMsg[i]); 

54                    break; 

55                 case SwitchState::SEND: 

56                    for (int i = 0; i < (state.outMsg.size()); i++) 

57                      get_messages<typename defs::sendOut>(bags).push_back(state.outMsg[i]); 

58                    break; 

59                    case SwitchState::DECIDE: 

60                      for (int i = 0; i < (state.outMsg.size()); i++) 

x37

DEVS Diffusion 
Computerized Model

XMLs

x #Coupled (8)

C++ program

1 struct inp_generator : public cadmium::in_port<Command>{};  // SET INPUT PORTS FOR COUPLED 

2 struct inp_network : public cadmium::in_port<Communication>{}; 

3 ... 

4 outp_myLocation : public out_port<PeopleLocation>{};   // SET OUTPUT PORTS FOR COUPLED 

5 outp_network : public out_port<Communication>{}; 

6 ... 

7 template<typename TIME>    // Define atomic and coupled unit devices 

8 class filterDevicesNetwork1: public filterDevicesNetwork<TIME> {  

9 public: filterDevicesNetwork1(): filterDevicesNetwork<TIME>("1") {};    }; 

10 

11 template<typename TIME>  

12 class filterDevicesSetOutOrder1: public filterDevicesSetOutOrder<TIME> {  

13 public: filterDevicesSetOutOrder1(): filterDevicesSetOutOrder<TIME>("1") {};    }; 

14 

15 template<typename TIME>  

16 class phoneMOBILEPHONE1 : public phone<SetDeviceState, TIME> {  

17 public: phoneMOBILEPHONE1(): phone<SetDeviceState,TIME> (DeviceId 

18        (DeviceType::MOBILEPHONE, "1"),TIME("00:00:500"),TIME("00:01:000")) {};    }; 

19 

20 template<typename TIME>  

21 class phoneLANDLINEPHONE1 : public phone<SetDeviceState, TIME> {  

22 public: phoneLANDLINEPHONE1(): phone<SetDeviceState, TIME>(DeviceId(DeviceType::LANDLINEPHONE,  

23  "1"),TIME("00:00:500"),TIME("00:01:000")) {};     }; 

24//DEFINE COUPLED DEVICE 

25 using iports_DEVICES1 = tuple<inp_setOutOfOrder,inp_in_com,inp_network>;  

26 using oports_DEVICES1 = tuple<outp_out_com, outp_network>;  

27 using submodels_DEVICES1 = models_tuple<filterDevicesSetOutOrder1, filterDevicesNetwork1, 

28     filterDevicesMicroKeyboard, sinkDevices_atomic,phoneMOBILEPHONE1, phoneLANDLINEPHONE1,> 

29 using eics_DEVICES1 = tuple< 

30   EIC<inp_setOutOfOrder,filterDevicesSetOutOrder1,filterDevicesSetOutOrder_defs::in>, 

31   EIC<inp_in_com,filterDevicesMicroKeyboard, filterDevicesMicroKeyboard_defs::in>, 

32   EIC<inp_network,filterDevicesNetwork1, filterDevicesNetwork_defs::in>  >; 

33 ... 

Thousands of lines of code 
that CDBoost understands
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 données expémentales et approximation polynomiale

Heart tissue

Cancer Models

Clogging Arteries (CFD) Nerve Terminal modeling

Bio-Medical



Environmental Modeling

▪ Epidemics of mountain pine beetles in BC
▪ Estimation: has killed 283 million m3 of pine trees in BC
▪ Lodgepole Pine: important commodity
▪ Canadian Forestry industry issues

– Cannot compete with growing season of South American countries



Flood Modeling

▪ Location-dependent experiments

Granular 
information 
available 

a) b)

c) d)



Forest Fires

▪ Location-dependent experiments



5G Cellular Communications



M&S for Building CPS



Control: Sensing and Actuation

➢ Models → Processes

➢ Simulation: cost reduction for development 

➢Direct execution on a hardware platform



Simulation + Control 

Simulation In the Real World
1. 00:00:01:000:023 START_IN START
2. 00:00:02:000:030 LIGHT_IN DARK

00:00:02:200:119 mover_out 1
00:00:02:200:119 movel_out 1

3. 00:00:02:500:021 LIGHT_IN BRIGHT
00:00:02:600:115 mover_out 0
00:00:02:600:115 movel_out 0
00:00:02:700:115 mover_out 1
00:00:02:700:115 movel_out 2

4. 00:00:02:700:027 START_IN STOP
00:00:02:700:124 mover_out 0
00:00:02:700:124 movel_out 0

5. 00:00:03:000:019 LIGHT_IN DARK
6. 00:00:03:500:030 LIGHT_IN BRIGHT
7. 00:00:05:000:027 START_IN START
8. 00:00:05:500:021 LIGHT_IN BRIGHT

00:00:05:700:115 mover_out 1
00:00:05:700:115 movel_out 2

9. 00:00:06:000:028 LIGHT_IN BRIGHT
10.00:00:06:500:022 LIGHT_IN DARK

00:00:06:650:115 mover_out 0
00:00:06:650:115 movel_out 0



M&S for Building CPS
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Collaborative Environment

Parallel Simulation

Stand-alone Simulation

`

Web service client

Rendering/Visualization
(CIMS

BPEL engine
(Webspher)

Data capture
(Camera)

WSRF-Engine
(Globus)

CA*net 4/
Internet

UCLP Services

Source
Data:

GIS

BIM
Software

External hardware
(sensors, networks, robots, etc)



Distributed Simulation



Boulevard St. Laurent (Montréal)

http://www.cims.carleton.ca/pose



Pedestrians in St. Laurent Blvd.

BSL.avi


Real Building Floor Plans

3D Visual Implementation

Cell-DEVs model

Architecture and Visualization





Bi-directional flow



Sharing Models? Reproducibility?



Crowd M&S

30
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