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In ubiquitous environments, the real-time features are necessary to insure the QoS of the
intelligent service robots. In this paper, we design and implement a real-time framework for
intelligent service robots to support real-time features. The real-time framework to support
real-time scheduling services is implemented on the general operating systems. We solve the
problem that the scheduler of a general operating system can not support real-time features.
This paper also proposes realtime scheduling services to guarantee the QoS of real-time robot
applications. We implemented the proposed real-time framework on the Windows operating
system and conducted some performance experiments. The experimental results show that the

proposed real-time framework can improve thread response times and it has slight performance
overhead of 62us.
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2P AHEste] SHAA Y 28 =(Thread)S A3
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718k 2AFE FHs HE TAAANA AT
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- g = Ao} vy (Thread Control Manger)
- X4+ 71wt 2AE (Prority -based Scheduler)
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28 JZAo AL U ¥ A
FAFE, 247t YA AXIEE thde A
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2HEE A 4FE 3] A4 A9
(Execution function), +-A9(Priority) 2 B¢ &
o] 2~(Time slice)Z X33, 2H = Ao} WU 2
g=o g A4, AHA 2 AR E A APIE AT
o} [ 3] 28 = Ao iAoy 2e=o] A4 9
27 G5 G35 APIolth

H 3. 4= o] ojL|x{el API

MYE HY

RO_CreateThread()
RO_DeleteThread()

M= AT

(23 7Ie AN ZAY9 hee) 2A=E A4
8h= RO_CreateThread() #4°9] &2:0]ck. [18 71¢]
19 22t 2y dolbE A 2= A

Z(Thread Control Block, TCB)S 27|88l Z=
oo, 28 22t 2SS BIYSHE P2E
sk Zmolch [13 719 3% 224 POSIX 2o
28 A8 2SS 44T UETR 9
WinB2APL $48 AHgstol AN oA 2014 4
49 2A=S B2 (Suspend AN Aofshe Fsel
o

(A

. RO_THREAD* R0_CreateThread(
RO_THREAD *roThread,
int prierity,
const char* name,
Yong time3lice,
void *{*start_routine}{void?),
void *arg)

int pid:
int Flags;

k 1 roThread->status RO_THREAD_ SUSPEND;
roThread->priority. = priority:
roThread->thNane = malloc(sizeof (name)+l):
strcpy (roThread->thName, name):
roThread->t_RémeinedTimeSlice= timeSlice;
roThread->t_TimeSlice = timeSlice;
roThread->¢_UsedTineSlice = 0;
roThread->wrapper = start_routine;

roThread->arg = arg;
ToThread->1isResuned = RO_FALSE;
roThread->t_pThreadNext = FULL;
roThread->t_pThreadPrey = NULL;

e 2 1f (RO_pThreadlistHead == NOULL)

{
RO_pThreadListhead = roThread;
RO_pThreadListTail = roThread;

}

else

{
RO_pThreadtistTail->t pThreedlext = roThread;
roThread->t_pThreadPrev = RO_pThreadlistTail:
RO_pThreadListTail = roThread;

)

roThread->t_pThreadReadyNext = NULL;
roThread->t_pThreadReadyPrev = HULL;
roThread->t_pDelayedNext = NULL;
toThread->t_pDelayedPrev = NULL;

4 roThread->t_pPendingNext = NULL}
3 roThread->t_pPendingPrev = NULL:
3 7/ Tieate thread
pid = pthread create( &(roThread->pthreadId), 0, RO_ThreadShell, roThread )

// Get thread handler for Windews
roThread->thHandler = pthread ¢
roThréad->thHandlex) ;

e_np (roThread ID)

return KULL:
i l)//end of CreateThread()

12l 7. RO_CreateThread() 24
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* void RO_Schedule (void)

RO_THREAD *p0ldThread, *pHewThread:
int  CurrentPriority:

int HighestPriority;
1£(RO_ContextSwitchFlags =« RO_TRUE)
{

pOidThread ~ RO_pCurzencThread;
o iority = pol

1 hieropm StHead[ O
te Rn_pm:eaanaaayua:‘rul[:uzzanzvunn:y])

if{pOldThread->t_RemainedTimeSlice <= 0)
1 (pOldThresd->3tstis & RO_THREAD_READY)
{

AT

3

3
pOldThread->t_RemainedTimeSlice » pOldThread->t_TimeSiice:

HighestPriority » RO_GetHighPriozity():

2 Fir( v polamread->status « RO_THREAD_READY)
Il {HighestPriority < CurrentPriority} )
{

istHead{HighestPriority]:
RO_pCurrentThread = pRewThread:

R0_ContextSwicch(pOldThread, pNewThread):

3
3 [Tee

= RO_pThreadReadyliscTail[HighestPrioricy])
€
pHevThread = RO_pThreadReadylistHead[HighestPriorivy]:
RO_pCuzsentThread « pNevThread:

RO_C )

)

% L 7% Unen Only Ome Task exiscs */
{

61 tmeSlice = pOLdTh ._TimeSlice:

}

By
I)//mx of RO_Schedule()
[

[;la‘ 9]¢ 18 &

Eﬂ —4 Hollle EH’J =
#tol Qo] AY F&
ey 2= 3]"5—4 A
Ak [17 9]9] 21 AAE 4
< $HeHE 7R 2d=st —?‘.‘—Xﬂé}‘?ﬂ & ug
(Context switch)& 531 CPUH
919 3 A2 AFgE L‘H]EE'_U} =2
g3e 2ezr) gy, %"é A9
79 CPUHEdS 5Y a9 29
Atk AR [1] 9]4 4‘?1_3 x4
=7} Idle 28 =9 ARFA 2Y ot 24

Y59 229 By gool s g B,

A&

(

12! 9. RO_Schedule() AA

BL
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=¥ 2d=8

gele Aot A¥F

N
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RO_pCurtentThread = pNewThread:

if( !pNewThread->isResumed |
{

! ResuneThiead (pNewThread->thHandler) ; Win32 AP!I

if{ pOldThread->igResumed & p0ldThread!=pNewThread }
¢

i SuspendThread (pO0ldThread->thHendler } W32 APII

i

B H
15 }//end of RO_ContextSwitch()

38 10. RO_ContextSwitch() &4

qd dgFQ 24=9 §Y

0] £(t_Remained TimeSlice)
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C 49Edl 2dERT & T8 11, AviERiel F7IHRl ANEY

(23 101 H& 2FAA ] S At ZHY
34 g3 HAEE 98 =2 SFAANN 7
g3 Eu mg ootk [2¥ 0 101944
ResumeThread(), SuspendThread() &5E 9EF+2
oA Ao A A F3HE Wind2 APIZH, X924
RAY 2H=E 23 (Resume), A (Susepnd)s} 20|
Aol & gl Folth o] FFES AHE 9=
29 2HYEF Y22 2AFYY AOJE Hou,
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HE 43 2AZ g A Ao 7HsstAl |
t}.
AN ZFAdRAE s=doldA AFste &

g <1E) Y E(Clock tick interrupt) & 34 AHEE & %‘i
o] P& 2GAAANA ATt E}°l“1(Timer) APIE
AHgate] F71H02 o oMES YA EE St

Running state Pending state

Periodic
Scheduling

Delayed state

o MET} AL ¢ 2AEY

E
=
rlo
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o
PO )

e & e Aol 9 olEs} 2 A
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