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Abstract. This pap er presen ts the dev elopmen t of in teractiv e real-time

con trol labs using T rueTime and Easy Ja v a Sim ulations. T rueTime is a

freew are Matlab/Sim ulink based to ol to sim ulate real-time con trol sys-

tems, and Easy Ja v a Sim ulations allo ws rapid creation of in teractiv e sim-

ulations in Ja v a. Authors can use T rueTime to dev elop the sim ulation

of a real-time con trol system, and then mo v e to Easy Ja v a Sim ulations

to link the system and create the graphical user in terface whic h pro vides

the visualization and user in teraction. The com bination of these to ols

brings together the b est of them.

1 In tro duction

Con trol education has to adapt to the new scenario that the information tec h-

nologies pro vide. In this con text in teractiv e virtual labs tak e adv an tage of these

new p ossibilities and impro v e the understanding of the system b eha vior [1, 2].

The in teractivit y should allo w the user to sim ultaneously visualize the ev olution

of the system, and its resp onse on-the-�y to an y c hange in tro duced b y the user.

This immediate observ ation of the gradien t of c hange of the system as resp onse

to user in teraction is what really helps the studen t get useful practical insigh t

in to con trol system fundamen tals. T rueTime is a MA TLAB/Sim ulink based to ol

[3�5], whic h facilitates co-sim ulation of con troller task execution in real-time k er-

nels, net w ork transmissions, and con tin uous plan t dynamics. The tasks are pro-

cesses that con trol con tin uous-time plan ts mo deled as ordinary Sim ulink blo c ks.

Ho w ev er, mo dels created with Sim ulink su�er from a certain lac k of in teractivit y

in the sense describ ed. A t ypical instructor w ould face di�culties if (s)he had to

dev elop, using only Sim ulink, virtual labs with graphical and in teractiv e capabil-

ities.This is where Easy Ja v a Sim ulations (Ejs) comes in handy . Ejs is a soft w are

to ol designed to create sim ulations in Ja v a with high-lev el graphical capabili-

ties and with an increased degree of in teractivit y [6]. The pap er is organized as

follo ws. In Section 2 b oth to ols T rueTime and Ejs are in tro duced. In Section

3 main asp ects of the in tegration b et w een T rueTime and Ejs are commen ted.

Section 4 sho ws three examples of this approac h. Finally , Section 5 presen ts the

main conclusions and further w ork.
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2 T rueTime And Easy Ja v a Sim ulations

In this Section b oth T rueTime and Easy ja v a Sim ulation (Ejs) are describ ed

brie�y . T rueTime is a Matlab/Sim ulink based to ol to sim ulate real-time systems,

and Ejs is an authoring to ol to create sim ulations in Ja v a. Since Ejs has a link

to reuse Sim ulink mo dels, authors can create in teractiv e real-time con trol labs

com bining b oth to ols.

2.1 A Brief Ov erview Of T rueTime

T rueTime is a Matlab/Sim ulink-based sim ulator for net w ork ed and em b edded

con trol systems that has b een dev elop ed at Lund Univ ersit y since 1999. The sim-

ulator soft w are consists of a Sim ulink blo c k library (see Fig. 1) and a collection of

MEX �les. The k ernel blo c k sim ulates a real-time k ernel executing user-de�ned

tasks and in terrupt handlers. The v arious net w ork blo c ks allo w no des (k ernel

blo c ks) to comm unicate o v er sim ulated wired or wireless net w orks. T rueTime

can b e do wnloaded from http://www.cont ro l.l th .s e/t ru et ime / .

Fig. 1. The T rueTime 1.5 blo c k library

T o create real-time sim ulations T rueTime pro vides mainly t w o kinds of blo c ks,

T rueTime Kernel and T rueTime Net w ork. The T rueTime Kernel blo c k sim ulates

a computer no de with a generic real-time k ernel, A/D and D/A con v erters, and

net w ork in terfaces. The blo c k is con�gured via an initialization script. The script

ma y b e parameterized and the programmer ma y create ob jects suc h as tasks,

timers, in terrupt handlers, etc., represen ting the soft w are executing in the com-

puter no de. The T rueTime Kernel blo c k supp orts v arious pre-emptiv e sc heduling



In teractiv e Real-Time Con trol Labs with T rueTime and Ejs 813

algorithms suc h as �xed-priorit y sc heduling and earliest-deadline-�rst sc hedul-

ing. It is also p ossible to sp ecify a custom sc heduling p olicy . The T rueTime Net-

w ork blo c k and the T rueTimeWireless Net w ork blo c k sim ulate the ph ysical la y er

and the medium-access la y er of v arious lo cal-area net w orks. The t yp es of net-

w orks supp orted are CSMA/CD (Ethernet), CSMA/AMP (CAN), Round Robin

(T ok en Bus), FDMA, TDMA (TTP), Switc hed Ethernet, WLAN (802.11b), and

ZigBee (802.15.4). The blo c ks only sim ulate the medium access (the sc heduling),

p ossible collisions or in terference, and the p oin t-to-p oin t/ broadcast transmis-

sions.

2.2 A Brief Ov erview of Easy Ja v a Sim ulations

Ejs is an authoring to ol designed for rapid creation of in teractiv e sim ulations

in Ja v a. Ejs is di�eren t from most other authoring to ols in that Ejs is not

designed to mak e life easier for professional programmers, but has b een con-

ceiv ed b y science teac hers, for science teac hers and studen ts. That is, for p eople

who are more in terested in the con ten t of the sim ulation, and m uc h less in the

tec hnical asp ects needed to build the sim ulation. Ejs can b e do wnloaded from

h ttp://www.um.es/fem/Ejs/.

Fig. 2. Ejs uses the mo del and the view to create the sim ulations

Ejs structures a sim ulation in t w o main parts, the mo del and the view (see

Fig. 2). The mo del can b e describ ed b y means of Ordinary Di�eren tial Equations,

Ja v a co de or external applications. The view pro vides the visualization of the

sim ulated system, either in a realistic form or using one or sev eral data graphs,

and the user in terface elemen ts required for user in teraction. These view elemen ts

can b e c hosen from a set of prede�ned comp onen ts to build a tree-lik e structure.

Both mo del and view need to b e in terconnected. An y c hange in the mo del state

m ust b e immediately re�ected b y the view in order to k eep a dynamic and on-

the-�y visualization of the system.
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3 In tegration T rueTime and Easy Ja v a Sim ulations

Ejs has an sp ecial link with Matlab/Sim ulink. In this case Ejs is used to create

the graphical user in terface and the T rueTime mo del to pro vide the system

b eha vior.

3.1 Impro ving the Link

The connection with Sim ulink mo dels allo ws users dev elop in an easy and fast

w a y in teractiv e sim ulations. The pro cedure, describ ed in [7, 8], is quite simple. It

basically consists in connecting Ejs' v ariables to signals (input, output or param-

eters) of the blo c ks in the Sim ulink mo del. Ejs also pro vides a set of prede�ned

metho ds that allo w the users read and write v ariables in the Matlab w orkspace,

for instance to read the v ariable myMatlabV ar from Matlab w orkspace the next

instruction could b e used: myEjsV ar=_external.getDouble("myMatlabV ar");

These metho ds are similar (same signature) to functions de�ned in the Mat-

lab Engine Library . In this w a y the in tegration b et w een T rueTime and Ejs is

v ery direct, but to impro v e the p erformance of the initial results it w as needed

to consider t w o features of T rueTime sim ulations, i.e., zero crossings ev aluations

and sc heduler data.

The �rst asp ect is tak en in to accoun t b ecause the sim ulation with T rue-

Time in v olv es a lot of zero-crossing functions, whic h pro duces slo w, though go o d

enough, sim ulations using the T rueTime Sim ulink blo c ks. Ho w ev er the sim ula-

tions in the Ejs-T rueTime com bination are ev en m uc h slo w er. T o solv e this ob-

stacle a new w a y to link Ejs and Sim ulink w as created. Un til no w the up dating

of the Ejs' v ariables w as done in ev ery step of the Sim ulink solv er, but with

the new link the v ariables are up dating at �xed time in terv als, whic h in v olv es

a faster and "smo oth" sim ulation. In the Fig. 3 more details are presen ted. T o

indicate this link the user just needs to sp ecify the time in terv al in the External

File option in Ejs (see Fig. 4).

The second feature considered w as the sc hedule output signals generated b y

T rueTime.These signals are rather imp ortan t to understand the p erformance of

the real-time system, so it is necessary to catc h all samples from sc hedule data.

Ho w ev er, Ejs has a mec hanism to a v oid w aiting a long time for a Matlab v ariable,

so sometimes a few samples from sc hedulers w ere lost and the plot of these signals

w as not go o d. Hence the new metho d _external.setW aitF orEver(true) w as added

in Ejs to w ait un til the sample is caugh t.

3.2 Creating the In teractiv e Sim ulations

After the impro v emen t phase, the linking b et w een T rueTime mo dels and Ejs

w as direct, in this situation just t w o main activities w ere done, selecting the

signals and connecting the global v ariables (see Fig. 4). The pro cedure to select

the signals from T rueTime mo del is the same as in an y other Sim ulink mo del,

and is simple b ecause the link b et w een Ejs v ariables and Sim ulink signals is

done b y a single mouse clic k. The pro cedure to connect global v ariables and
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Fig. 3. Ejs sim ulations using a T rueTime mo del. The graphical user in terface is sho wn

in (a), the Sim ulink mo del is presen ted in (b), in (c) the submo del Ejs_sub_serv oR

sho ws the blo c ks to sp eed up the sim ulation. Note that the �xed time in terv al is equals

to 0.01

Ejs v ariables requires more w ork, but it is also simple. In order to a�ect an y

v ariable in the T rueTime co de functions, it just needed to declare them as global

and use the read and write prede�ned metho ds in Ejs to set or get the v alues.

An example of a mo di�ed co de function is presen ted in Listing 1.1. Finally the

metho d _external.step() is used in the Ev olution section to sim ulate the Sim ulink

mo del.

Listing 1.1. pidco de1 function mo di�ed to set a link b et w een Ejs and T rueTime.

Commen ted lines are original lines of the function

f u n c t i o n [ e x e c t i m e A u x , d a t a ] = p i d c o d e 1 ( s e g , d a t a _ ) % E j s

% f u n c t i o n [ e x e c t i m e , d a t a ] = p i d c o d e 1 ( s e g , d a t a )

g l o b a l d a t a e x e c t i m e ; % E j s

s w i t c h s e g ,

c a s e 1 ,

r = t t A n a l o g I n ( d a t a . r C h a n ) ; % R e a d r e f e r e n c e

y = t t A n a l o g I n ( d a t a . y C h a n ) ; % R e a d p r o c e s s o u t p u t

d a t a = p i d c a l c ( d a t a , r , y ) ; % C a l c u l a t e PID a c t i o n

e x e c t i m e A u x = e x e c t i m e ; % e x e c t i m e = 0 . 0 0 2 � r a n d ;

c a s e 2 ,

t t A n a l o g O u t ( d a t a . u C h a n , d a t a . u ) ; % C o n t r o l S i g n a l

e x e c t i m e A u x = � 1 ; % e x e c t i m e = � 1 ;

end
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Fig. 4. Setting a link b et w een Ejs and a T rueTime mo del, note the �xed time in terv al

up dating is used and the Ejs' v ariables are connected to inputs or outputs of Sim ulink's

blo c ks

4 Examples

In this section three examples using the T rueTime-Ejs in tegration will b e sho wn.

The �rst example is an in tro duction to the T rueTime sim ulation en vironmen t.

The second one is an extension of the �rst one. Finally , the third example uses

T rueTime Net w ork blo c k to sho w a distributed con trol application.

Fig. 5. (a) Graphical User In terface of the �rst example. Note that it is p ossible to

c hange the con trol parameters on-the-�y using the sliders. (b) The Signals when Exe-

cution Time is incremen ted from 2[ms] to 9[ms]

4.1 First Example: The Simple PID Serv o Con troller

The example considers simple PID con trol of a DC-serv o pro cess. The pro cess

is con trolled b y a con troller task implemen ted in a T rueTime k ernel blo c k. F our
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Fig. 6. Graphical user in terface of the second example. Figures: (a) is the main view,

(b) sho w histograms of input-output latencies or resp onse time for three tasks, (c) is

the dialogCo de where the user can read and write the co de of PID computation. Note

the sc hedule data of the red task and its con trol p erformance

di�eren t mo des of implemen tation of the con troller task are pro vided: Built-in

T ask, Sim ulink Blo c k, Sleep Un til and T rigger T ask. The graphical user in terface

of the example is sho wn in Fig. 5. The user can mo dify di�eren t parameters lik e:

reference t yp e, con trol settings, execution time of the con troller and the mo de of

the implemen tation of the tasks. In the Fig. 5b the p erformance of the con troller

is sho wn when the execution time c hange from 2[ms] to 9[ms].

4.2 Second Example: The Three Serv o Con trollers

This example extends the simple PID con trol to the case of three PID-tasks

running concurren tly on the same CPU con trolling three di�eren t serv o sys-

tems. The e�ect of the sc heduling p olicy on the global con trol p erformance is

demonstrated. The graphical user in terface is sho wn in Fig. 6. Main view has the

same app earance than the previous example. There is also an auxiliary dialog to

sho w histograms of input-output latencies or resp onse time of three tasks, and

there is another dialog to enable the user to mo dify the co de for calculate the

PID action.

In the main view the user can mo dify the parameters for three con trollers as

in the �rst example, but also can add some jitter to the execution time. Note

also the sc heduler data for the tasks is presen ted in this windo w. The p olicies

are c hosen from radio buttons Rate Monotonic and Earliest Deadline First. Note
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Fig. 7. Graphical user in terface of the third example. Figures: (a) is the main view, (b)

sho w histograms of sensor-actuator time, (c) is the sc heduler data for the four no des,

(d) is the dialogCo de where the user can read and write the co de of con troller

in Fig. 6b the input-output latencies for three task, since the rate monotonic

p olicy w as selected the task 1 (red) has the lo w est priorit y and the p erformance

is not go o d. The dialogCo de can b e used for instance to mo dify the algorithm

to compute the PID con troller.

4.3 Third Example: Distributed Serv o Con trol

This example sim ulates distributed con trol of a DC-serv o. The example con tains

four computer no des, eac h represen ted b y a T rueTime k ernel blo c k. A time-

driv en sensor no de samples the pro cess p erio dically and sends the samples o v er

the net w ork to the con troller no de. The con trol task in this no de calculates the

con trol signal and sends the result to the actuator no de, where it is subsequen tly

actuated. The sim ulation also in v olv es an in terfering no de sending disturbing

tra�c o v er the net w ork, and a disturbing high-priorit y task executing in the

con troller no de. The Graphical User In terface is sho wn in Fig. 7. The main view

allo ws the user to mo dify parameters of the net w ork and no des. There are also

three auxiliary dialogs to sho w an histogram of end-to-end latency , to mo dify

the co de for the con troller no de, and to sho w the sc heduler data for the four

tasks.

In the main view the user can mo dify con trol parameters and also add a

dumm y disturbing high-priorit y task with di�eren t execution times. In the same

view, but in the section Sensor the user can mo dify the measuremen t time and

the pac k age size. This last parameter is imp ortan t to see the e�ect of the size of
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the pac k age in the con trol p erformance. The section BandWidth allo ws the user

to increase bandwidth used b y the in terference no de. The net w ork parameters

can b e mo di�ed in the T rueTime Settings section.

5 Conclusions

In teractivit y is crucial asp ect in virtual labs that are to b e used for p edagogical

purp oses in the �eld of con trol engineering.

In the con text of sim ulation of real-time systems, T rueTime is a freew are

that pro vides functionalities that sim ulates con trol mo dels under resources con-

strain ts. Ho w ev er from a teac hing p oin t of view, and since T rue-Time is a Mat-

lab/Sim ulink based to ol, to create an in teractiv e sim ulations using Matlab fea-

tures could demand hard w ork. That's wh y Ejs w as used.

Ejs is also a freew are to ol designed to create quic kly in teractiv e sim ulations

in Ja v a. Besides, Ejs has a direct link with Matlab/Sim ulink mo dels, and is

not di�cult to get a �rst v ersion of the in teractiv e lab after a few min utes.

Ho w ev er it w as necessary to impro v e the link in order to get more robust and

faster sim ulations. That �nally in v olv ed new features that made p ossible the

acceleration of the sim ulation and prev en ted the loss of sc heduler data.

Three examples of T rueTime mo dels w ere dev elop ed. These allo w the user

to mo dify parameters lik e execution time, jitter, and see ho w the whole system

is a�ected.

The creation of this kind of labs is not di�cult, and probably in order to

get a �nal v ersion a couple of da ys is needed. Ho w ev er most of the time the

designer will not w orry ab out Ja v a programming details, but ab out �nding new

functionalities to add to the lab.

F urther w ork could in v olv e further dev elopmen t of w eb-based labs or the

creation of a link b et w een Ejs and Scilab v ersion of T rueTime.
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