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We offer three kinds of service: §.
- GOOD-CHEAP-FAST |-
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Co-simulation
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Crescendo
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@ Crescendo - TorsionBard-Baseline/model_de/TorsicnBar.vdmrt - Crescendo Tools
File Edit Navigate Search Project Run Window Help
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Quick Access
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b 12 TorsionBarl-Minimal

A1 . .. instance variables
b = TorsionBar2-Visit

Editor view

o® encMotor : Encoder
encLoad: Encoder

(2]

[
S

5 29 TorsionBar3-Menitor
4 12 TorsionBard-Baseline
» (& configuration
» [ launches
> = model_ct

Explorer
view
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-- sensors (two encoders)
public static encMotor: Encoder :
public static encLoad: Encoder :

-- actuators (one motor)

public static pwmMotor: Motor :

-- controller object ~ S@Hz
public static ctrl: Controller :

-- monitor object ~ 6@Hz
public static monitor: Monitor

User.vdmrt -- user object ~ 1@Hz
. World.vdmrt public static user: User :=
’ gg autpus -- architecture definition
b & scenarios cpul : CPU := new CPU(<FP>, 280E6);
> 15 TorsionBarS-Extended cpu2 : CPU := new CPU(<FP>, 200E6);

busl: BUS :=

new Encoder();

new Encoder();

new Motor();

new User(ctrl);

new BUS(<FCFS>, 1152, {cpul, cpu2});

4 | m

new Controller(S@, encMotor, encLoa

t= new Monitor(6@, ctrl, encload);

Q

&S

o
&

pwmMotor : Motor
ctrl: Controller
monitor : Monitor
user: User

m

e cpul: CPU
cpu2: CPU
o busl:BUS

@ TorsionBar() : TorsionBar

o

Outline view

r

|| proble... | B Console 2 | [T Simula... | T Simula... | =] VDMD... | vdmL.. | = 8 |

| 7 simulation Engine View &% . o» 00 = B8
Source Message - & 5E| = B~ Ci~
All Simulation time: 2.200000 seconds / Completed: 11 % [Debug Console] TorsionBard-Easeline [VOM RT Model]
Al Simulation time: 2400000 seconds / Completed: 12 % [3.54000001] sp = @.417259439580919; hold pwm = 8.02531438815745391; sam «
e L : [3.56000001] sp = ©.42205811225015555; hold_pwn = ©.826560959012611823;
Al Simulation time: 2.600000 seconds / Completed: 13 % [3.53000001] sp = ©.4269732042026731; hold_pwm = ©.026708732289281542; s
All [3.60000001] Sp = 152143464; sa
All - L] L] - [3.62000001] sp = - 9863; sample_
»| Simulation Engine view >-ssocecer) 55 - | CONSOle VIEW  [esizéseioy; =
|| [3-65 1] sp - 71855268277;
All Imulation tme: 3, seconds/ Completed: _|/|[3.68000081] sp = @.45194256@4924742; hold_pwm = 8.@24599220068631785; s |
All Simulation time: 3.600000 seconds / Completed: 18 % y -
~ || «| " | »
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Save model Check model Open simulator window
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| Interface |{Icon}| Globals | Output | Process | Find
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Xampie. seir-palancing scooter
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Examp|e: Se”-Ba‘ancing Scooter

a) On/off switch

b) Safety switch

c) Direction switch
d) Accelerometer

f) Controller
g) Wheel / motor
h) Motor sensor

(
(
(
(
(e) Gyroscope
(
(
(
(

i) Motor actuator

(g)

(f)

Left controller

Right controller

& &

8 (hy () () () (8
>0O- <~ [O<«
<O« —-0—-

(i) ‘l‘ 1 (i)
OO0 ||AAA
(d) (e) || (@) (b) (c)
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Example: Self-balancing Scooter

rclass Controller
N e
HGhtPWM L/ T—MSf T model  _apym DE model
instance wvariables
¢ NormalUser -E ¢ —-— sensors
_ _ pPrivate angle: real;
I?ill::e: P> MSfHFH0 <11+ 0 <1 MSf <« I?ill::e: private velocity: real;
—— actuators
; Q private acc_out: real;
private vel_out: real;
GY GY —— PID controllers
JZ JZ private pidl: PID;

private pid2: PID;

R<—1— —1—R
] operations
public Step : () ==> ()
poleAngle 4 euler :"—bforwardVelocity Step() == duration (20) (
dcl err: real := velocity - angle;

vel_out.Write(pid2.0ut (err));
acc_out.Write (pidl.Out (angle));
)i

public GoSafe : () ==> ()
GoSafe () == (
vel out.Write (0);
Name Type Notes acc_out.Write (0);
controlled IleftPWM real range: [-1,1] Vi
rightPWM real range: [-1,1] thread
monitored poleAngle real  range: [0,27] periodic(16,0,0,0) (Step); - Likz
forwardVelocity  real | end Controller )
Contract

Newcastle AARHUS ;
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Example: ge”-ga‘ancmg gcooter

leration Oufput
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v http://www.youtube.com/watch?v=pmLLGYn9F08

MaliciousUser NormalUser

Newcastle
@ %Umversny ﬁﬁﬁ/@%@lw Crescendo Tutorial at NII, Tokyo, Japan 24-10-2014 26



Examp|e: Line-?o”owing RoBot

wheel encoder IR distance sensors

servo motor )
contact switch

! 4

example path

IR line-follow sensors
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Design-Space Exploration (DSE)

O Design
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Line-following Robot DSE

» ERETDFERICKYSFTZERMHIRSN S
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Line-following Robot DSE
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Line-following Robot DSE

o HERIZVST4HIIZFIIBIETERTR
o ERETIEISUOMIFEARICKYER I TES

Metric*

Rank |Design| A [B| C | D | Mean Rank
1 (b) |1|5(1]|2 2.2
2 f) (712|141 3.5
3 (@) |2(8|2]|4 4.0
4 (e) |3|6(/3]|5 4.2
5 (i) 91|53 4.5
6 (c) |5|3|6|8 5.5
7 (d) |6]4|7|7 6.0
8 (h) (41789 7.0
9 (j) 181]9|9]|6 8.0

* A = distance, B = energy, C = deviation area, D = maximum deviation
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Line-following Robot
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#EA D Co-models™~ D EFH

e DE-first
— BERANRUEDOREKIEICEDEMEAETIILEEEL, CTETIILEZERTEM
9 5. DEavbO—5—IZFET EF T 5.
e CT-first
— CTY—ILERWTHEAETIILEREL, DEETILEZZIZE AL Tco-model
AT 5. BEEOET) VT IZESRTS.
e Contract-first
— HARELTDENEFEEZTS. DEETIL, CTETILERIRIZ, Ai1TIZEE
I BH(LEENAEZTI). RELEBETILNBEYIZTEHMNBETH T
12, BRETILORYOTANAIGEL LS. BALETIILE#HEL Teo-
modelZ#155.
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DE-first

c B AR D KLIZE DZHEAET ILHFIEE
« CTETILZE TIEM

() 0] Cenv) DE-first
” development

CONTRACT Co n t ra ct

— definition

S CT-only
C<A>P }mﬁﬂm

= sen | b c < S N B Integration of
— — Al initial co-model
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CT-first

e CTY—ILEAWTHIEAETIILEREE
e DEETIILZFZIZE AL Tco-model =2 X

C < > > P CT-first
A development

CONTRACT

Contract
definition

|
en } DE-only
}

ctrl

— ot modelling

— sen | =\ [c < S N > Integration of
— N — AV initial co-model
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Contract-first

c HARELTDENEZESE

- BRETILOBREDOTXE
e DEETIL, CTETILZFRZIZ, HITIZEHF
« BERET ILEco-modelNEES

—— Contract
— definition
(sen ) S N Concurrent
m”m C < pL DE-first and CT-first
act | A development
) =2 = C < S > p Integration of
— Nact) — A initial co-model
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FAEEDOFEESD (1)

* model

— BHIRDONREGDVATLREGRD, 2HhnDahhBRIESNT-FKIR
* modeling

— ETIVEREET HIEE
e simulation

— ETILDIURYYIGELT
continuous-time simulation
— BEOBBICIGCTUORATLOIRENNEHEMIZEILLT S IaL—a D
zX.
discrete-event simulation
— SRATLOIRENE(LT BAEERA M EFARIEESN=2IaL—230D
B
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FAEEDEED (2)

— 2D M1ERET L (DE submodel&CT submodel) BEUFNSDREDIEE EH
[CEE9 582N EHETIL
contract
- HESNBEEHGA—G—, TY, ARUPOBRTEZOND, HRETIL
RIDHEBE/ERICEEY HEC1hk
co-simulation
— co-modelMD T a1 L—y32the simulation of a co-model.
design space exploration (DSE)
— co-modelZHEEEL, , co-simulationZZEELIFERZFM T 52 KY, RDOK
BIZE T 5Hco-modelZEIRT 5 (RERILD)
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e CrescendolZH(F5HYY) 12— 32 I1& co-simulation
— O kA—5—@ODEETI/LE, OV kA—ILENBETSURDCT
ETILEEHAEDLES
— I TIZHAHEHE, AT ILEFIAHAREIZT S
— EEEOIAZT A= —a T RET S
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