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projectproject

• Implementation of an E-Machine on a RCX -
brick

• running an e-code application with two modes
according to a given giotto-model

• Roboter - behavior: acts autonomously , avoids
hitting obstacles.



I/OI/O

• input - sensor

• output - actuator

• task - driver



E-E-MachineMachine
implemented E-Code implemented E-Code instructionsinstructions

##definedefine E_RETURN E_RETURN 00
##definedefine E_CALL E_CALL 11
##definedefine E_RELEASE E_RELEASE 22
##definedefine E_FUTURE E_FUTURE 33
##define define E_FUTURE_RELE_FUTURE_REL 44
##definedefine E_IF E_IF 55
##definedefine E_JUMP E_JUMP 66
##define define E_IF_RELE_IF_REL 77
##define define E_JUMP_RELE_JUMP_REL 88
##define define E_CANCELE_CANCEL 99



E-Code-E-Code-structurestructure

struct eCommandstruct eCommand{{

unsigned int commandunsigned int command;;

unsigned int methodunsigned int method;;

unsigned intunsigned int time; time;

unsigned intunsigned int e_ e_addressaddress;;

};};



task-task-handlinghandling

problem: task-problem: task-terminationtermination

•• solutionsolution: : semaphoresemaphore--arrayarray
static tidstatic tid_t task__t task_semsem[] =[] =
{{
     FREE_TASK, FREE_TASK,...FREE_TASK     FREE_TASK, FREE_TASK,...FREE_TASK
};};

•• used for used for exceptionexception--handlinghandling
(E_RELEASE / E_CANCEL)(E_RELEASE / E_CANCEL)



time-time-triggertrigger

struct triggerstruct trigger // // trigger function returnstrigger function returns

{{ // boolean if// boolean if triggered triggered

    unsigned int  trigger    unsigned int  trigger;; // // pointerpointer to an to an adresss adresss in in
// the E code// the E code

        unsigned intunsigned int  e_  e_addressaddress;; // system// system start start time in ms time in ms

    unsigned    unsigned long long trigger trigger__startstart;; // // trigger activationtrigger activation-time-time
// in ms// in ms

    unsigned    unsigned long long trigger trigger__deltadelta;; // time after which// time after which trigger trigger
// // becomesbecomes true true

};};



directiondirection- & - & sensor typessensor types

•• enumenum dir_t  {turn_left, turn_ dir_t  {turn_left, turn_rightright,, forward forward,,
backwardbackward, stop, , stop, idleidle};};

•• enum sensorenum sensor_state  {_state  {hithit_front__front_centercenter,,
hithit_front_left,_front_left, hit hit_front__front_rightright,,hithit__backback__centercenter,,
hithit__backback_left,_left, hit hit__backback__rightright, NON};, NON};



drivingdriving--commandcommand

struct drivingstruct driving__commandcommand { {

int priorityint priority;;

enumenum dir_t dir_t direction direction;;

booleanboolean changed changed;;

int speedint speed;;

signedsigned long long duration duration;;

};};



portsports

• input ports

• output ports

• task ports



taskstasks

•• directiondirection-change-change

•• obstacleobstacle--handlinghandling

•• motormotor-control-control

•• showshow__standbystandby__modemode

•• showshow__runningrunning__modemode



DirectionDirection-Change-Change

InputInput:   nothing:   nothing
OutputOutput: DC_OUT: DC_OUT

longlong int int left_ left_rightright = ( = ( random random() % 4 );() % 4 );
// // selectselect new new direction direction by by random random

if ( left_if ( left_rightright == 0 || 1 || 2 || 3 ) == 0 || 1 || 2 || 3 ) {{
DC_OUT.DC_OUT.prioritypriority = 2 ;= 2 ;
DC_OUT.DC_OUT.directiondirection = turn_left/-= turn_left/-rightright//backback//forwardforward;;
DC_OUT.DC_OUT.speedspeed = MAX_SPEED ;= MAX_SPEED ;
DC_OUT.DC_OUT.durationduration = 1000 + (= 1000 + ( random random () % 6 ) ; () % 6 ) ;
DC_OUT.DC_OUT.changedchanged = TRUE ;= TRUE ;

}}



InputInput:: S1, S2, S3S1, S2, S3
OutputOutput:: OH_OUTOH_OUT

•• checkcheck__sensorssensors determinesdetermines if we  if we hit hit an an obstacleobstacle

•• case hitcase hit_front__front_rightright...:...:

OH_OUT.OH_OUT.prioritypriority = 4;= 4;

OH_OUT.OH_OUT.directiondirection = turn_left...;= turn_left...;

OH_OUT.OH_OUT.speedspeed = MAX_SPEED ;= MAX_SPEED ;

OH_OUT.OH_OUT.durationduration = 500 ;= 500 ;

OH_OUT.OH_OUT.changedchanged = TRUE;= TRUE;

breakbreak;;

obstacleobstacle--handlinghandling



motormotor-control-control

InputInput:: MC_IN_DC, MC_IN_OHMC_IN_DC, MC_IN_OH
OutputOutput:: M1, M2, SPEEDM1, M2, SPEED

•• if ( MC_IN_OH.if ( MC_IN_OH.changedchanged == TRUE ) == TRUE ) {{

MC_IN_OH.MC_IN_OH.changedchanged = FALSE ; = FALSE ;

if ( MC_IN_OH.if ( MC_IN_OH.prioritypriority > > active active__commandcommand..prioritypriority || ||
  activeactive__commandcommand..durationduration <= 0 ) { <= 0 ) {

activeactive__commandcommand = MC_IN_OH ; = MC_IN_OH ;

}}

}}

•• if (if ( active active__commandcommand..durationduration > 0  ) > 0  ) {...}{...}



motormotor-control-control
if (if ( active active__commandcommand..durationduration > 0  ) { > 0  ) {

switchswitch ( ( active active__commandcommand..directiondirection ) { ) {
case forwardcase forward::
M1 =M1 = fwd fwd ; ;

M2 =M2 = fwd fwd ; ;

breakbreak;...};...}

SPEED =SPEED = active active__commandcommand..speedspeed ; ;
if (if (activeactive__commandcommand..durationduration > Period_Task_MC) > Period_Task_MC)

activeactive__commandcommand..durationduration = =
activeactive__commandcommand..durationduration - Period_Task_MC ; - Period_Task_MC ;

elseelse
activeactive__commandcommand..durationduration = 0; = 0;

} else { M1=off; M2=off; }}} else { M1=off; M2=off; }}



E code (E code (old versionold version))
{E_CALL,{E_CALL, driverdriver__sensorsensor,, 0,0, 0 }0 } // 0 // 0 standbystandby--modemode

{E_IF_REL,{E_IF_REL, modemode__switchswitch_1,_1, 4,4, 4 }4 } // 1 // 1 test test for for modemode--switchswitch

{E_RELEASE,{E_RELEASE, sensesense_less,_less, 0,0, 0 }0 } // 2// 2

{E_FUTURE,{E_FUTURE, time_time_triggertrigger,, 500,500, a_1 }a_1 } // 3// 3

{E_RETURN,{E_RETURN, 0,0, 0,0, 0 }0 } // 4// 4

{E_CALL,{E_CALL, driverdriver__actuatoractuator,, 0,0, 0 }0 } // 5 // 5 runningrunning--modemode

{E_CALL,{E_CALL, driverdriver__sensorsensor,, 0,0, 0 }0 } // 6// 6

{E_CALL,{E_CALL, driverdriver_OH2MC,_OH2MC, 0,0, 0 }0 } // 7// 7

{E_CALL,{E_CALL, driverdriver_DC2MC,_DC2MC, 0,0, 0 }0 } // 8// 8

{E_RELEASE,{E_RELEASE, dir_change,dir_change, 0,0, 0 }0 } // 9// 9

{E_RELEASE,{E_RELEASE, motormotor_control,_control, 0,0, 0 }0 } // 10// 10

{E_RELEASE,{E_RELEASE, obstacleobstacle__handlinghandling,, 0,0, 0 }0 } // 11// 11

{E_FUTURE,{E_FUTURE, time_time_triggertrigger,,Period_Task_MC,Period_Task_MC,a_1}a_1} //12//12

{E_RETURN,{E_RETURN, 0,0, 0,0, 0}0} // 13// 13



static const struct eCommand eCodestatic const struct eCommand eCode[] = {[] = {

S T A N D B Y - M O D ES T A N D B Y - M O D E

M O D E -M O D E - Initialisation Initialisation

a_1:@0a_1:@0 { E_CALL,{ E_CALL, driverdriver_m__m_standbystandby__initinit,, 0,0, 0 }0 }

a_2:@1a_2:@1 { E_CALL,{ E_CALL, driverdriver__sensorsensor,, 0,0, 0 }0 }

2 Mode-2 Mode-switchswitch--testtest:: jmp jmp into into active active--modemode @a_3 @a_3
{ E_IF_REL,{ E_IF_REL, modemode__switchswitch_1,_1, 0,0, r_a3 }r_a3 }

3 display spent time in3 display spent time in standby standby--mode mode in in secondsseconds
{ E_RELEASE,{ E_RELEASE, showshow__standbystandby__modemode,, 0,0, a_c_a_c_ssmssm } }

4 4 loopinglooping to a_2 to a_2

{ E_FUTURE,{ E_FUTURE, time_time_triggertrigger,, Period_Period_standbystandby,, a_2 }a_2 }

{ E_RETURN,{ E_RETURN, 0,0, 0,0, 0 }0 }

E code - new E code - new versionversion(1)(1)



R U N N I N G - M O D ER U N N I N G - M O D E

M O D E  -M O D E  -  Initialisation  Initialisation - -

a_3:@6a_3:@6 { E_CALL,{ E_CALL, driverdriver_m__m_runningrunning__initinit,, 0,0, 0 }0 }

7 7 delaydelay-unit of 1000 ms for -unit of 1000 ms for hardwarehardware--initilisationinitilisation
{ E_FUTURE,{ E_FUTURE, time_time_triggertrigger,, 1000,1000, a_4 }a_4 }

{ E_RETURN,{ E_RETURN, 0,0, 0,0, 0 }0 }

a_4:@9 this is a_4:@9 this is startstart of  of runningrunning--modemode and  and eblockeblock  nrnr 1 of this  1 of this modemode

9 9 check check for for modemode--switch back switch back to to standbystandby--modemode

{ E_IF,{ E_IF, modemode__switchswitch_2,_2, 0,0, a_1 }a_1 }

E code (2)E code (2)



D R I V E R -D R I V E R - Calls Calls: the : the driversdrivers used in e- used in e-blockblock 1 1
{ E_CALL,{ E_CALL, driverdriver__actuatoractuator,, 0,0, 0 }0 }
{ E_CALL,{ E_CALL, driverdriver__sensorsensor,, 0,0, 0 }0 }
{ E_CALL,{ E_CALL, driverdriver_OH2MC,_OH2MC, 0,0, 0 }0 }
{ E_CALL,{ E_CALL, driverdriver_DC2MC,_DC2MC, 0,0, 0 }0 }

T H E   T A S K S T H E   T A S K S started started in e-in e-blockblock 1 1

processingprocessing of of output output of of obstacle obstacle--handlinghandling and  and directiondirection-change-change
writingwriting to  to motormotor--portsports M1, M2 M1, M2

{ E_RELEASE,{ E_RELEASE, motormotor_control,_control, 0,0,a_c_a_c_motormotor}}

checkschecks if the if the robot hit robot hit any  any obstacleobstacle
{ E_RELEASE,{ E_RELEASE, obstacleobstacle__handlinghandling,, 0,0, a_c_oh }a_c_oh }

randomly choosingrandomly choosing a  a newdirectionnewdirection
{ E_RELEASE,{ E_RELEASE, dir_change,dir_change, 0,0, a_c_a_c_dcdc } }

show show on display a on display a blinkingblinking ´-´,  ´-´, indicatingindicating that we are in  that we are in runing moderuning mode
{ E_RELEASE,{ E_RELEASE, showshow__runningrunning__modemode,, 0,0, a_c_a_c_srmsrm } }

E code (3)E code (3)



set time-set time-triggertrigger,, loop loop to e- to e-blockblock 2 of 2 of running mode running mode
{ E_FUTURE_REL,{ E_FUTURE_REL, time_time_triggertrigger,, Period_Period_runningrunning,, 2 }2 }
{ E_RETURN,{ E_RETURN, 0,0, 0,0, 0 }0 }

DRIVER-CALLS in e-DRIVER-CALLS in e-block block 2,3,4,5 of2,3,4,5 of running running--modemode
{E_CALL,{E_CALL, driverdriver__actuatoractuator,, 0,0, 0 }0 }
{E_CALL,{E_CALL, driverdriver__sensorsensor,, 0,0, 0 }0 }
{E_CALL,{E_CALL, driverdriver_OH2MC,_OH2MC, 0,0, 0 }0 }

THE TASKS ofTHE TASKS of block block 2,3,4,5 2,3,4,5
{ E_RELEASE,{ E_RELEASE, motormotor_control,_control, 0,0, a_c_a_c_motormotor } }
{ E_RELEASE,{ E_RELEASE, obstacleobstacle__handlinghandling,, 0,0, a_c_oh }a_c_oh }

THE FUTURE THE FUTURE instructin instructin of of eblock eblock 2,3,42,3,4
{ E_FUTURE_REL,{ E_FUTURE_REL, time_time_triggertrigger,, Period_Period_runningrunning,, 2 }2 }
{ E_RETURN,{ E_RETURN, 0,0, 0,0, 0 }0 }

FUTURE-FUTURE-instructino instructino of of block block 5: 5: jumping back jumping back to first to first ebock ebock of of runningrunning--modemode
{ E_FUTURE,{ E_FUTURE, time_time_triggertrigger,, Period_Period_runningrunning,, a_4 }a_4 }
{ E_RETURN,{ E_RETURN, 0,0, 0,0, 0 }0 }

E code (4)E code (4)



E X E P T I O N - H A N D L I N G (E X E P T I O N - H A N D L I N G (simplified implementationsimplified implementation))

1. stand-by-1. stand-by-modemode::

kill taskkill task
{ E_CANCEL,{ E_CANCEL, showshow__standbystandby__modemode,, 0,0, 00 }}

restart moderestart mode
{ E_CALL,{ E_CALL, cleanclean_up__up_sstandbymsstandbym,, 0,0, 00 }}
{ E_JUMP,{ E_JUMP, 0, 0, 0,0, a_1a_1 }}

2. 2. runningrunning--modemode::
for for each each task in task in running mode running mode do the do the followingfollowing

{ E_CANCEL,{ E_CANCEL, <task>,<task>, 0,0, 00 }}
{ E_CALL,{ E_CALL, <<call cleancall clean-up--up-funcitonsfuncitons>>0,0, 00 }}
{ E_JUMP,{ E_JUMP, 0, 0, 0,0, a_4a_4 }}

}}

E code (5)E code (5)



WrapperWrapper

wrapperwrapper[[motormotor_control] =_control] =

((unsigned intunsigned int) &Task_) &Task_motormotor_control;_control;

wrapperwrapper[[obstacleobstacle__handlinghandling] =] =

((unsigned intunsigned int) &Task_) &Task_obstacleobstacle__handlinghandling;;

wrapperwrapper[dir_change] =[dir_change] =

((unsigned intunsigned int) &Task_) &Task_directiondirection_change;_change;

......



task-controltask-control
int scheduleint schedule((int argvint argv,, char **argc char **argc) {) {

// // argvargv is a is a index index to the to the wrapper array wrapper array

voidvoid (* (*ptrptr)()(voidvoid) = () = (voidvoid *) *) wrapper wrapper[[ argv argv ]; ];

while (task_while (task_locklock)) yield yield();();

// task_// task_sem containssem contains either task_ either task_idid if if running running or or

// -1 if not// -1 if not

ptrptr();();

task_task_semsem[[ argv argv ] = FREE_TASK; ] = FREE_TASK;

return TRUE;return TRUE;

}}



E E MachineMachine
e_PC = 0;e_PC = 0;

startstart_time    = get_system_up_time();_time    = get_system_up_time();

msleepmsleep__wakeupwakeup = = start start_time;_time;

errorerror = = invoke invoke( e_PC );( e_PC );

if (if (errorerror<0)<0) err err((errorerror););

while ( !while ( !shutdownshutdown__requestedrequested () )  { () )  { // // testtest if if user presses user presses on-off on-off key key

for ( i=0; i<=MAX_TRIGGER; i++ ) {for ( i=0; i<=MAX_TRIGGER; i++ ) { // // checkcheck all all triggers triggers

if (if ( trigger trigger__checkcheck( i ) == TRUE ) {( i ) == TRUE ) { // // delete triggerdelete trigger from from trigger queue trigger queue

triggerstriggers[i].[i].triggertrigger = FREE_TRIGGER; = FREE_TRIGGER;

e_PC =e_PC = triggers triggers[i].e_[i].e_addressaddress;; // set program // set program countercounter to e_ to e_addressaddress

errorerror = = invoke invoke( e_PC );( e_PC ); // // executeexecute a a block block of e-code of e-code

if (if (errorerror<0)<0) err err((errorerror););

}} // for & if}} // for & if



// // compute compute time for the E time for the E machine machine to to wake wake up nextup next

time2wait =  (time2wait =  (msleepmsleep__wakeupwakeup - get_system_up_time()); - get_system_up_time());

        if ( time2wait  > time_        if ( time2wait  > time_epseps ) { ) { // to be more // to be more accurateaccurate

           msleep           msleep( time2wait -time_( time2wait -time_epseps ); ); // time to // time to sleep sleep is is reducedreduced

                      // during// during msleep msleep--operationoperation, the OS will, the OS will execute execute all all released tasks released tasks

        }  // for        }  // for

    }  // while    }  // while

    return 0;    return 0;

E E MachineMachine


