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The problem
* Development of complex software (robotic controllers):

time consuming, error prone, expensive

» Software techniques focus on software only
* Models of the controlled environment? (i.e., robot engines, dynamics?)

» Decision-making: lack of good visualization tools (training?)

* Formal methods and tools (???? Experimental)

* Model and Simulation-based solutions: higher quality products
* Models discarded in early stages of development ($$$)
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Research Proposal

* Using Model-Based Engineering for software development

 Integrating complex applications with varied hardware
components, software and 3D visualization

*  Models reused throughout the process (not only for
exploration) => cost improved

* Truly collaborative environment: distributed algorithms and
mashups

« Advanced visualization facilities (serious games; training)
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A Layered View

Visualization

Applications
Models

Execution Engines (Simulators)
(single/multi Proc/RT)

Middleware/OS (WS/HLA/P2P/MPI/Corbal ...;
Windows/Linux/RTOS...)

Hardware (Workstations/Clusters/SBC...)
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The DEVS Formalism

* Discrete-Event formalism: time advances due to occurrence of events

* Basic models that can be hierarchically coupled to build complex ones (systems
theoretical approach)

* Separation of models and simulators

* Introduction to DEVS: http://en.wikipedia.org/wiki/DEVS

http://cell-devs.sce.carleton.ca ;

http://www.sce.carleton.ca/courses/sysc-5104/Tutorial SpringSim.ppt
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Cell-DEVS models

Cell's connections

o]

IN ouT
sPr(s)=s ¥ d pr—
Cell definition

* Discrete-Events cell spaces

* Cells: atomic models. Automated coupling.
* Asynchronous execution using explicit delay functions
* Abstract simulation mechanism.

Introduction to Cell-DEVS: htip://cell-devs.sce.carleton.ca
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Cell-DEVS Atomic Models
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* N inputs to a given cell

 Local computing function

* Inertial or Transport delays

» Outputs only if the cell state changes
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Methodology (1 — Model Specification)

(4)
System of Interest ' ) ] Environment Model
| DEVS&‘;Z‘;‘]S“‘“"“ Simulation: QSS/
RTS ‘ ; (3) (5) Cellular/Parallel
Requirements ‘j Environ / RTS RTS quel » v
, ment /  Model | - (8) Simulation
@) 6 ‘ o
v ®5 O ¢
JJ ‘_ Y -. il . \ \\‘1
! Physical ) Model-checking \ RTS in DEVS »
., Environment Engine Executive
T (6)“9) RTS Deployed on
T 9) RTOS Target Platform
\ on target platform )




F"’? Carleton

UNIVERSITY

Canada’s Capital University

Model Specification
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Model Specification
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- High level specifications translated into
executable code
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Modelling the Environment’s Physics

model circuit
Modelica.Electrical.Analog.Sources.PulseVoltage
V(V=10, width=50, period=2.5);
Modelica.Electrical.Analog.Basic.Resistor R1(R=0.001);
Modelica.Electrical.Analog.Basic.Inductor 11(L=500);
Modelica.Electrical.Analog.Basic.Inductor 12(L=2000);
Modelica.Electrical.Analog.Basic.Capacitor C(C=10);
Modelica.Electrical.Analog.Basic.Resistor R2(R=1000);
Modelica.Electrical.Analog.Basic.Ground Gnd;
equation
connect(V.p, R1.p);
connect(R1.n, I1.p);
connect(R1.n, I12.p);
connect(I2.n, C.p);
connect(I2.n, R2.p);
connect(C.n, I1.n);
connect(R2.n, C.n);
connect(Il.n, V.n);
connect(V.n, Gnd.p);
end circuit;
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Modelling the Environment’s Physics (Cellular)

[maze]
Lype :

dim :

cell
(20, 20)
neighbors :
neighbors : maze(0,-1)
neighbors :
localtransition

(...)

[maze-rule]

rule : 1 100 { (0,0) =

0 100 { (0,0) =
1 100 { t }

rule :

rule :

- Imaze-—

maze (-1, 0)

maze (0, 0) maze (0, 1)

maze (1,0)

rule

0 and (truecount = 3 or
truecount = 4) }

0 and truecount < 3 }
N
W E

K
[\
Qa i
S a

: Becomes wall in 15t iteration
Becomes wall in 2" iteration

Becomes wall in 3 iteration
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Methodology (2 — Model Checking)
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RTA-DEVS to TA Example

Stopping
Stopped @

Stop p ned
X:=0

sensor==flog
button:=0

aone P

cur_floor.=sensor,
direction:=0
<=1000
/
/
\}_ 4 buttonc? mavel
e, / § button!=cur fidqr =0 sensorl=flody
/ 0

%"‘ /bé? % floor.=button, cur_floor.=sensof,
© direction: =co e(floor.cur ha [l 2
,é /6@. 00:00:0C:00 jgﬁwn. compare(floor,cur_%aor,2,0,1)
Ly /&
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00:00 00:00

Elevator Controller RTA-DEVS Model

TA Controller model in UPPAAL
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Methodology (3 — Controller simulation)

(4)
System of Interest ' ) ] Environment Model
| DEVS&‘;;‘;‘]S“‘“"“ Simulation: QSS/
RTS / ; (3) (5) Cellular/Parallel
Requirements ﬁ Environ RTS RTS MOdCl » v
, ment /  Model /<(8)- Simulation %
@ 6 ‘ A
_f”r ‘_ \d il : \ \\‘1
! Physical ) Model-checking \ RTS in DEVS »
., Environment Engine Executive
T (6)“9) RTS Deployed on
T 9) RTOS Target Platform
\ on target platform )




Carleton

UNIVERSITY

Canada’s Capital University

CD++ Builder Environment
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<

// Initialize commwon variables
\ this->elapsed = Time::Zero;

this->tiweleft = Tiwe::Inf:
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Methodology (4 — Environment Simulation)

(4)
System of Interest ' ) ) Environment Model
| DEVS&‘;;‘;‘]S“‘“"“ Simulation: QSS/
RTS / ; (3) (5) Cellular/Parallel
Requirements ﬁ Environ RTS RTS MOdCl Y v
ment /  Model /<(8)- Simulation %
@ 0 | N
ES o5 O ¢
A y ) v . / [ 7 \_,\\1
! Physical ) Model-checking N RTS in DEVS »
., Environment Engine Executive
T (6)“9) RTS Deployed on
T 9) RTOS Target Platform
\ on target platform )




Carleton University
Advanced Laboratory for Real-time Simulation Cluster

- XwB000 JA32 dun proccssor worksiston - L360-G3 JA32 2F sanver

- 2x 3.08 GHz Pentumnd Xaon, 612KE L3 cxche - 2x 3.06GH 2 Portumd Xoon, 512KB L3 cacha
-1 G8 PCAH00 ECC registered DOR2SE - 633 M¥Hz FSB

- 56 G 10V rpm LXra320 SCE! ask - 1 GB FC2100 ECC DDR RAM

- Myeinat XP PCLX card - 358 GA 10K rpm SCS) sk

- NWDIA Guadvod 080 XGL AGP graphics cavd - Liwx Cpasfing System

- P30 10" faf scroan mandor 2 X GbE ports

- Linux cpamating sysiem L O natwork port

Compute

- IN140 (A32 duay processor sanver

- 2 x 2.4 Gz Fartiam 4 Xoon, 612MB L3 coohe
- 633 M¥z FSB

-1 GBRC2100 ECC DDR RAM

-1 x80GB ATA sk

- XwB000 1A32 SINg\G IDCessor workstaton
- 2.08 GHz Pantumd Xeon, 512KB L3 oeche
-1 GB PC200 ECC registered DOR256

- 36 GB 10K rpm Ura220 SCEI sk

- NWDIA Cuadrod 380 XGL AGP graphics cavd
- pO30 10" 0af scroan maniar

- Linux cpartng system - Linyx Cpasting System
tor Vo
e
: -
T X
T i
| r 1 1 L I | L1 I | 1 J - 1 17 1 1 LI 1 1 1 ]
\ 00 oo o 0 o
¢ 2 b4 - - - 4 4 - - 3
808 EEEE E 8B EEEEEE ||C :
oA
= B w Tarmhal
8 on Servar
Termiral &3
Sarver ® g
@
/ Compute Noxles Fadtsere Growtk
ProCuw
B42
e Legend
. ——  CbEnst
This logleay anhiocture diagram shows e ifaconneation of \ —— 100Mb Erat
or companents. . ——  Sarialdata
S - : Connection to P —  FitceCrannal
V2, 111503, CGH Carleton campus —  Myrinat

network




F"’} Carleton

UNIVERSITY

Canada’s Capital University

Simulating the Environment’s Physics

model circuit
Modelica.Electrical.Analog.Sources.PulseVoltage
V(V=10, width=50, period=2.5);
Modelica.Electrical.Analog.Basic.Resistor R1(R=0.001);
Modelica.Electrical.Analog.Basic.Inductor 11(L=500);
Modelica.Electrical.Analog.Basic.Inductor 12(L=2000);
Modelica.Electrical.Analog.Basic.Capacitor C(C=10);
Modelica.Electrical.Analog.Basic.Resistor R2(R=1000);
Modelica.Electrical.Analog.Basic.Ground Gnd;
equation
connect(V.p, R1.p);
connect(R1.n, I1.p);
connect(R1.n, I12.p);
connect(I2.n, C.p);
connect(I2.n, R2.p);
connect(C.n, I1.n);
connect(R2.n, C.n);
connect(Il.n, V.n);
connect(V.n, Gnd.p);
end circuit;

£ Atomic Anim: = -1l x|
Xin X Out i To  Previous Next I~ values
5 v
g =
10
Scale Set
oo 10 A am
Soale set
0o (0.49434003
0
L4
0 boor
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Modelica
(.mo)

Modelica/CD++

|
Results

(.log,.csv)
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Simulating the Environment’s Physics
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Flow Injection Analysis Model
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Methodology (6 — Deploying in the target platform)
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Network Prototyping

m Real time simulation on
embedded

microcontrollli #m

» Rapid design and
testing potential

network devices
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Imnlnmﬂntatlon into the Embedded Target
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Cell Processor Overview

SPES  SPE;

)
I

-— | . ——

MFC M-C MFC MFC
EIB

MFC MEC MFC MFC

'.__-T_“ g1}_ik_.‘ '.—»3,

* Asymmetric CMP with 9 heterogeneous cores

* Software-managed LS with explicitly-addressed DMA
transfers

* Low-latency EIB channels — mailbox & signal



Carleton

QY UNIVERSITY

Canada’s Capital University

AP1000 FPGA board (Components used in our Project)

Contains OS and
ECD++ Bitstream

~
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\R’J-45 < /
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Ethernet RS-232
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pre—_ (3| PC| B Sw—

- ~
To show the results on 10/100/1000 _
PCI Ethernet PMC Site
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Expansion .
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1 10/100/
1000 R < RJ-45
| Ethernet [~
PHY Ethernet
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Virtex-1l Pro R 1000 RJ-45
"] Ethernet
PHY
.( Debug Port
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To mount the board on PC
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Methodology (7, 8, 9 —Validation)
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SAT Bulldlng Evacuation

Collaboration with School of Architecture
(CIMS)
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1. Simulation
location

2. Model
3. Computer Grid

4, Simulation

Select location and check weather

Use the fields and the map above to select the country and the town where to run the
simulation. If the town does not appear or is not supported, please do a manual search
with the google map.

V| | Frede‘rilt_:ton. N. B. @

O PYY 3 b8 TYOUOT VO ww

Fredericton, N. B., Canada X
Time: Aug 12, 2008 - 04:33 PM EDT / 2008.08.12 2033 UTC /
Wind: from the NE (050 degrees) at 3 MPH (3 KT):0 ;
Visibility: 12 mile(s):0 v
SkyConditions: mostly cloudy
Temperature: 64 F (18 C)

adancton Goll
d Curilng Club T
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| Stat/Continue | [Stop] | Reset Map J Steps- 9 |2} Time:00:23:20:823 Delay in ms:[500 [$] cell H:0.000m W:0.000m
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Application to Robotics

Some interesting results
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U. of New Mexico Virtual Lab for
Autonomous Agents

V-Lab: DEVS M&S environment for robotic agents with physics,
terrain and dynamics (Mars Pathfinders).

IDEVS SimEnv
DEVS Simulator

Middleware
(HLA,CORBA,JMS)

Computer Network
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4th year Engineering Students




Coricr |
|

Canada’s Capital University

Videos

 http:// www.youtube.com/watch?v=RIMT8OLu8Co
 http://www.youtube.com/watch?v=15QhX4QFERS

 http://www.youtube.com/watch?v=61vXI19qujZI

 http:// www.youtube.com/watch?v=w-bwwl4CP4c

 http://www.youtube.com/watch?v=PeHO BD46SA
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Learning by Observation

Case-Based Reasoning

Generate
i Events
a. Build Case Base
itati Event fil
b. Imitation Model (uses Case Base) ventiie
VideOS: Observe Observations BUild
Model "| Case Base

http://www.youtube.com/watch?v=n5wL3rBW0go

http://www.youtube.com/watch?v=FqgQuEdNAU9I

http://www.youtube.com/watch?v=4|-SC8Pi1NM

http://www.youtube.com/watch?v= mVco023d6n4
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ePuck

http://www.youtube.com/watch?v=VoHP2kVH0Gg

http://www.youtube.com/watch?v=UFHzLkOoXyQ
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Summary

* Model-Based Engineering for software development

* Varied hardware, software and 3D visualization
*  Models reused throughout the process => cost improved
* Collaborative environment based on Eclipse

* Advanced visualization facilities
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Further Information

http://cell-devs.sce.carleton.ca

http://cell-devs.sce.carleton.ca/publications




