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C-code Generation
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Demonstration
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Domains
INTO-CPS

domain behaviours
mechani.cal spring: damper / friction: mass:
(translation)

W 1 ==
P'=Fy F=1[vdt F-dv=0 v=1 [Fdi
mechfmical spring: damper/friction: inertia:
(rotation)

Y

DECEEE
P=Tp T=1[wd T-do =0 =1 [Tdt
electrical capacitor: resistor: inductance:

_"_ 11 NV
P=ui u:lcfidt u-Ri =0 i:}‘—flldf
hydraulical tank: resistance: inertia:

1 : 1

P=po p=;Jodt p-ro =0 ¢ = 7 [pdt
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Differential Equations

INTO-CPS
T ML 1V, Rxi Kyxa
o K@ QHZ = o
-_T_ - o,M R, mz[KSXHRbemdt
General simulation model: x(r)zx(0)+j fx,u,t)dt
0
set of first-order equations y(t)=g(x,u,t)

and output equation
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Language Definition

INTO-CPS
Eixed constants
. —— /lenter your constants here
d.urlng _ parameters
simulation /lenter your parameters here
variables .
Jlenter your variables here ______ vary during
initialequations simulation
Calculated —[/l'enter your initial equations here
at the start equations
Optimized Il enter your equations here Calculated every

code simulation step
/[ enter your equations here/

finalequations
Calculated // enter your final equations here

at the end

Not optimized ——
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Language Example

constants
real g = 9.81 {m/s2}; Il gravity: free fall
parameters
real start_time = 10 {s}; // start time of the fall
string out_string ="run 1';
variables
real half_g {m/s2};
initialequations

half_g =-0.5*g;
equations
if time < start_time then
output = 0;
else
output = half_g*( (time-start_time)*2);
end;

finalequations
toMatlab ( output,out_string); /[ send output value to Matlab
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Integral Form & Differential Form @

INTO-CPS
inpit L O _r oukpLt

_T output = j input - K Xoutput

K
+

inpLt ()—>{ 1K autput input - d output
output = dt
d K
7o

* Integral form is preferred: much easier to simulate
« 20-sim will rewrite differential forms to integral form if possible
« Write your own equations in integral form if possible!
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Numerical Integration

kT

x(t)=x(k—1)+ f flx,u,t)dt

(k—1)T

Numerical Integration: approximate integral

by analytical function G:

kT

#(k)=x(k—=1)+G G~ [ flx,u.t)dt

(k—1)T

http://into-cps.au.dk/
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Fuler

kT f(x,u,t)
x(t)=x(k-1)+ f(x,u,t)dt A

J

(k—1)T l

G=T-f(k—1)

xk)="xk -1)+T-f(k —1)

19
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Runge-Kutta 4

X(K) =x(k 1)+ T f(x,u,t)dt

k-1)T

1

Gz%x(kl + 25k, + 25k, +k,)

k, = f(x(k-1),u(k-1),k-1)

T 1 1
ko = k1) Utk )k )

1., 1

K, = f(x(k-1)+ 2Ik2,u(k- 2—),k- 2—)

K, = f(x(k-1 1T ke, u(K),K)

http://into-cps.au.dk/

=,

INTO-CPS

> {

k-1

k-1/2

K

20



INtegrated TOolchain for Cyber-Physical Systems http://into-cps.au.dk/
(- 2
LCD

INTO-CPS

Major and Minor Steps

« Major steps: f(k-1), f(k)
« Minor steps: f(k+1/2)

. Don't use code like:

if (time > 0) then

X =x+1;

end: 5 : > t
k-1 k-1/2 Kk

21
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Fixed and Variable Step

time time

Fixed Step Variable Step
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Stiff Models @

INTO-CPS

« Model has low

frequency resonance o= ‘ \ ﬁﬂ m A

high frequency v v/\vﬁ |

resonances | v

. Hard to simulate with \' u
|

fixed step methods V

time {s}
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No Damping @

INTO-CPS
« Model has resonances
which damp out
poorly -
« Hard to simulate with :

some methods

-0.005
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Algebraic Loops @

INTO-CPS

+ a I

r——O— K

-

— Algebraic Loops:

. function thatis a
kKT

xO=x(k=1+ [ f(x.u.1) function of itself
k=T gt « Require iteration to
f(x,u,t)=a solve
a=k-U—a « Reduces simulation
l speed

algebraic loop
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Computer Controlled Systems

INTO-CPS
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Discrete

Using certain functions will make a block to

run in discrete-time.

* sample: output of the function is discrete
time, the input is continuous time

* hold: the output is continuous time, the
iInput of the function is discrete time
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* Programme
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Samplin =
p g INTO-CPS
Amplifier - DCmotor Transmission Load

+
R+ PID DC
ref _' controller[ " DA G motor - @
PositionSensor
AD |«
[ 11= sampling inputs N ] 1 = sampling inputs
UEE computing 3 1 12| 2= sending outputs 1(2
3 = sending outputs 3 = computing
2 = 2 3 3
L idle time idle time
t : t
KT (k+1)T kT (k+1)T
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Events

Force integration method to do a calculation at a specific point:

« event: find a zero crossing
« eventup: find a zero crossing from negative to positive

« eventdown: find a zero crossing from positive to negative

« frequencyevent: do a calculation every period ~
. . L )

« timeevent: do a calculation at a specific time A

—

Q)
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