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3. Bio-K

3.1 Bio-K +4

CPU  MOU |, Ehemst  LCD E"‘-ﬁt‘z":'t

[72¥ 1] Bio-Kernel 74 =

32 A4 7=

3.2.1 HAL(Hardware Abstract Layer)
duit= Alx"l st=goje] wdoz duts AlxdHoe] A8 =
MCU7ZF vp¥sll Aot o= sl A= MCUel oAl A & ofof
T2 9% stlil olE 9 HALS ABestA =HAth. HALS
st=go] o EA Q] FiES Eoba o] A4S FA Atk HALS W
startup, context switching, UART, Timer, GPIO %o]t}. o] & <lg]
ZZAA oA A o 7lesE F4 glo] HALS ARt
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3.2.2 ©5% 29 9 (Multi-Threading)
Bio-Kernel& th& 2d4 H2lo =z =2+3kc}

A Y w = 2y =oln POSIX 7]4¥ke] pthread APIZS A Q3tA €t}

N

b 2dss dAAd el

323 2A=H

Bio-Kernel= 7|24 02 v 2dd #nk ofe} AAZH o] 875
© dHd=E A=gS fste] 1 A9 AHY 2AEEs A9
o =3 WHEAS i sdd $AaE91e 4% FIFO2F Round-Robin
2AZEHS AYEA =¥, Round-RobintH 9] A|7F g3S =4 71538}
t}.

Bio-Kernel> o] &3 AA7+A B3 Bk ol 7|59 ¢4 2 3%

olyAAl zls gt FEZTEO] 3lo| B sl H = Al =ES)" o F5ThE

- Na'F

3.2.4 Y EY 3 (Network)

u-Healthcare® Hd o2 F4 U EIY Algo] Sofdo] wat
HESAE Aok gt Al SAS $g TCP/IP v+ of
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3.3 713 2 ¥ = (Periodic Thread)

Q/9m &9 AANAEE 9 HF H=avt FriHeR A=
T5 o, A E "Hxae gegdls BAs =S sof gt T
4 threadt= POSIX API®| pThread_create() $25 $A 3ol A &3ch.

AWrA A G A AN ] F71H 2= FHL Elo|WE o] &AL
2l sleeps ol &Fth 1yt Efeolm o] ATt ATAQl At

sleep= o] &3 F714 28 == A W A7 A

10 mS

y

n

Tick interrupt

|~
a1
—

OSTickISR() B

All HPT I
Low Priority Task -

Task calls OSTimeDly(1) here!

5mS

(29 2] &utHd LFAAANA Y F714 24 7+& A £AA

3.4 ¢+A A (stability)

ol 9 /9]g 89 <oHAS 98l Watchdog TimerE o] &3
Watchdog threadE ¥hEo] A Al2=glof ool A A5 AE Al A
FA Ak £33 7 thread®] 5715 ©l&3l thread?} | 55 A3}
o] 3| thread®] ©]/dol A& A5 T thread?+ 24 Al 7]+= Watchcat
thread& A& gt}

i



3.4.1 WatchDog 2 ¥ =
Watchdog TimerEs o] &3] HA Alx=gle] o] FF& FHARg)
Watchdog 22# =3 Watchdog TimerE A3t A7l & F7|x oz

WatchdogE Al st} sA T AA Al="lo] ZA417F A4 45 24l
A

Ao Bastn Y Aswe g4 A

Reset
wiatchdog Timer E
: Procassor

Restart '~
4

Clock

[18 3] Watchdog Timer

3.4.2 WatchCat g =
WatchCat Thread= S/W 7|22 2dg= #HZ o

o
2AF B 2dEe dEdS GAte] dEBS WS

2,
do
—d
i
oY,

>3
2%
ot
Siul

™y
WatchCat & ~Eo| 373 2HY=F 5 Fot}t. WatchCat 2d=7F &A1 s}
Al WatchCat 8|2=Ee°] 5% A =52 POSIX API 5 pthreadES 9]

g3 PAe A

3.5 A8 #8 (Power Management)

FHHE A ="M AREEHE= 717182 AlA S Zo] HiEY FHo=E
TAHE A7 Bk wEA dE AnE Fo]7] fg Weko] wWol o
T ¥ar Stk

kA KHIX At = AJAg gAAl= o83 a9

AR 7S f8 A B Vless Frhskde A9 e Ve 2
DVS(Dynamic Voltage Scaling)® DPM(Dynamic Power Management)
27FA 71Rol &4 gtk DVS 7IWs flal MCU9 &9 =4 7lest
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351 A 2 AL AL
719l DVS &ag&S CPUS & AHl= oo Aol et
i 7hAska AjbE A v aRARE AA AE
2949 o] PXA25 A E o]EF ot 7HE vkE CPU E9olA 7}
A e Y AH|E Hojok HA W 7bg wre 100Mhz7} 200MhzE Tk A
oy Z AS B 5 vk e giiiEe DVS dugFe] 7t g
A9 FIYPAIE WCETE 7FAS L Atk AT AA Al 2o =
WCETE Atdol A= & ¢ gloe EAlgdo] HA3Y, wap 2 =%
o] DP-DVS ¢xg&2 CPUY &8 ¥ Al 148 Au9 WCET tiAl

2E 548w

-

.

I'Lll::dnlei oredicted elnergy —

basicmath --—+--
17 bitenfs - ‘,?
celp o
gzip =-0
18 mpg - -&--
gsort -G
SUSAN.COMErs ----#--
| susan.edges -
susan.smaoothing ——
visionworst -—-w--- A
i S S S
14 inv_fiE oo »
patricia ===
typeset - -&--

CPU Energy
o
T

1
50 100 150 200 250 300 350 400 450
CPU Frequency (MHz)

[19 4] PXA255001 4 7 S d2 4w
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352 A= 29

Task Model

Symkol Description
T Zet of n period tasks
Ti ith periodic task inthe T = [Ty, T, T5, -, Tdl
F petiod of task T,
Oy deadline of task T,(F, = 0y

AET, Actual execution time of task T,
ACET, average-case execution time of task T,

353 A2 2d

Sy=stem Model
Symbol Description
= Gueue for DP-DYE (T, operated)
I G = =(CE ), (CziEze), - [CEI=
Cy Current time (T, operated at F))
E, Ernergyy consumgtion (T, operated at F))
Fi fth Frequency [Lowset == F, ==Highexzt]
e Adaptive time of T,
F, Policy of T, [Perfarmance, Energy, Optimal]

_11_




354 dyx =d

Energy Model

Symbaol Dezcription

EveqeriFi) | Eneroy consumption &t F

Energy consumption of T,
Eml T1) Ewed T = EsequenedFi] ¥ AET) + Evpquerd Fime) ® max(0, D -
AET)

Energy consumption of pried task set (=T
EiwlT) BT =B Ti) + BTl + = + Bl Tr)
Eum(Tl= T EmdT))

3.5.5 DP-DVS

Algorithms  Energy minimization for periodic task using dynamic programming

QEI :{EDID:I}
fori=1tondo
if P; == Performance or ACET; == MULL
(' = Chg + (Cinighest Eirighest]
else if F; = Energy
@5 = By + (Citowest, BijLowest)
elze if Pi = Optimal
For all speeds | = F
Cii = Ci_1 +.-":"\CETi +.-":"\|-
O = Gy + (G5, )
end for
merge QY into a list G
delete all state in Q5 with C; = 0
end for
return the smallest state in Gy

_12_



3.6 POSIX API

QUITIE Azgo] AHgHE Suglole] BHAoR YU A

-

/\15414 79]

A= |=
ol FARNWA, AR Ao Ane ARE 3§ Zzae)
Ame Bz sa gk oAl JuUS Axge] At g

=3 A gFskAl H A
w2t A Bio-KellA &= o2 3 API 532 a4 POSIX 7]4¥+e] APIZ
A Qs FQom & e POSX 7|uHe] APIE A QstA =it

3.6.1 2 ¥ = (pthread)

Bio-K2 ©o% 249 #HHozg JFFIIY 2d= qE A
pthread_create()®} 2#¥= FTFZE 93 pthread_exit() 7+ ofyz}
POSIXo| 4] A A3 pthread APIES #| & 3t}

0
ol

3.6.2 tiulo] 2~ ==gto]H (Device Driver)

Bio-K2 #&2 3 f42 AE SIAAS} FARE Hulo]xs =doly
5 T % dHIHoIEE ATH o2 UF & ZE2IFY HA
Al 71ES FAF2d4 AHSdd Z=E AAE & Beod A 4

g9 glo] M g 7hssuh
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tutol 2 Seteln] Fa er

open FA 2713}
close =] Al
read FAZHEY dHoly oY
write FAZHY dHoly ¢

ioctl =7 Ao

[ 1] Bio-K E=wnlo]2 =glo]H QlIE o]~

9ol Cupels: =ebolw  <lEso]~2 EsjA] LED, FND, LCD,
Ethernet 5 X tgt #|oj7} 7153k}

3.6.3 ITC(Inter-Thread-Communiation) 2 7] &}
Bio-K dH|tl= 7Ad ITCE 2dte 2y=e 35 oS
%713 2 EA1S $35le] semaphore, Mutex, Message QueueE A

At} 1 vro| sleep, alarm, signald POSIX 7|8t APIS A d3slaL

o {0
L

focs

al
o,

_14_



4. 74

41 78 W&

4.1.1 °] A4

Bio Kernel2 T3 MCUo| o]2leo] &9)3t== HAL(Hardwayre
Abstract Layer)E A|&3ty $8& Z2a= Ao £935x=2 POSIX
719ke] APIE Al&dtth & FolA e AA KHIX 9HH= Al=8" 9
AAe] g B AFEs Gyl A AT PXA255, A4 T4
ATmegal28l] o2& &ttt webA HALSF-Ed sidets e &4
st HA e Alz="el o4& & = Qlvh HALCl Soi7le W&oz
+ Context Switching, Task Stack Init, Main clock & Timer A
(Clock Tick A#)so] 501ttt

_1

412 714 2 ¥ =(period thread)

=l = =X

I AJEE APIE Al FsfoF st} Bio Kernelol A+ pthread?] attribute®l
periodE WFHE F71stgth. pthread_create)&+E o] 83 HA &

Ao, WX period threadE #Elsle B EEE vHEo] #e o

_15_



typedef struct __pthread_attr_s
{
int __detachstate;
int __schedpolicy;
struct __sched_param __schedparam;
int __inheritsched;
int __scope;
size_t __guardsize;
int __stackaddr_set;
void *__stackaddr;
size_t __stacksize;
int __period;
} pthread_attr_t;

<3£2> pthread attribute

pthread_t tid1;

pthread_attr_t attrl;

pthread_attr_init( &attrl );

pthread_attr_setstack( &attrl, &Stack[0][STACK_SIZE-1], STACK_SIZE );
attrl.__schedparam.__sched_priority = PRIORITY_NORMAL;

attrl._ period B 500; // 500 ms periodic task

result = pthread_create( &tidl, &attrl, threadl, "Taskl" );

<3#3> period thread®] A4
4.1.3 A A (stability)

Htole/olw &8 Age AHS uF =

selloF gtt Bio Kernel> 5+ 7HA W o ® b & ®WAsta Stk A
A= Watchdog Timerg ©] 83 ¢t HAGo|t}, o]i= Watch thread&
Agsl] AAAA A=) AL S AAsrt. Watch thread®] 78 %

W2 ATmegal289 4 Al&Fst= WDT 45 ol &8 Fdstdth + ©

_16_



M= Watchcat threado]t}. o]+= 2Z}7+9] thread®] 7|5 o]&3] 3T
thread?] ©]% oF = #d3 5 thread’} 417} & AFoe= g2E
of &% 3% ¥ Watchcat thread’} 3 =¥ s threadE A A7+

71'sS st

#if USE_WATCHDOGTHREAD
pthread_attr_setstack( &attr1, &WatchStack[STACK_SIZE-1], STACK_SIZE );

attr.__schedparam.__sched_priority = PRIORITY_HIGH;

attrl.__period = 1000 ;
pthread_create( &tid1, &attr1, WatchThread, "WatchThread" );
WDT_Enable() ; // WDT init

#endif // USE_WATCHDOGTHREAD

<¥4> Watchdog thread®] A4

#if USE_WATCHCATTHREAD
pthread_attr_setstack( &attr2, &CatchStack[STACK_SIZE-1], STACK_SIZE );
attr.__schedparam.__sched_priority = PRIORITY_HIGH;
attrl.__period = 1000 ;
pthread_create( &tid2, &attr2, CatchThread, "CatchThread" );
#endif // USE_WATCHCATTHREAD

<¥#5> Watchcat thread?] A4

_17_



#if USE_CATCHTHREAD
if ( g_pNextThread—>Deadline < 0 )
InsertToCatchList( g_pNextThread );
#endif // USE_CATCHTHREAD

void* Catchthread( void* pArg )

{
for( int | = 0 ; | < CatchCount ; I++ )
{
ResetThread( CatchList[i] ) ;
}
}

<36> Watchcat List]l 5% 2 Watchcat thread

4.1.4 POSIX API

= LEDE ZAvrAdE HAESR 8T g0 AA

a2 17 S SRR B 3% OleROSIX ZIRT ol B
Y =5 AA3H, Semaphore, Mutex, Message Queue, sleet, usleet

2 7]€} POSIX API &+E59] AL&9] 71538}t

3l tfulo]l A =glo]lB o] Qo] AE E3]A open(), close(), read(),

write(), ioctl09] FFES AHEE = Atk 919 & ZRIHS TAT

22FEE AMESY 1459 PXA255, A4 59 ATmegal280 A A4

Q15heleh,

7]

= [e]
25 o} N=

rr
-l U
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pthread_t tid1, tid2, tid3 ;
pthread_attr_t attr1, attr2, attr3 ;
sem_t sem ;
int result ;
sem_init( &sem, 1 );
result = pthread_create( &tid1, &attr1, thread1, "Taskl" );
if( result < 0)
{
printf("(%d)pthread_create failed.#n", result);
}
void* thread1( void* pArg )
{
int num = 1;
Int fd;
int i
fd = open( "LED", 1 );
If( fd < 0)
{
printf("GreenLED open failed!¥n");
printf("Thread will be terminated..");
pthread_exit(1);
return NULL;
}
while( 1)
{
sem_wait( &sem );
for(i=0;i<10; ++ )
{
num "= 0x1
pnntf(( 4 erte %dWn", num);
write( fd, (void*)&num, sizeof(num) );
usleep(300);
}
sem_post( &sem );
sleep(3);
}
close( fd );
}

<ET7> POSIX APIZE A 9Y3}+= Bio Kernel 28 Z 2713

_19_



5. ¥7}

51 718 &

F714 smdse] $42 F987198 Threadl& 7715 573
2

=L Thread2+
100ms7} ¥ +=

Al Aol thread27} A ==

4=
100ms 719 ®jx=oltt. 53

@ ATmegal2s - SHOIHEDIS
D20 EEE 20U 80 FED EEEW
0w @ S OB

main,
pthread create complettask (0]..
taski( ;

1)
(2)..
(SEY
(4)..
(5)

[719] 5] Preodic threadd F7] =A
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5.2 HAA

5.2.1 Watchdog Thread

o

A

e
=

LED=

$3F 7|5 % Watchdog Thread® #HE& 98] dA A]=d=
28 on ZRE9E X35l Thread 0 ¥ 7]E}+
Jatich 3

mY
[m
mFU
ol
rlr
?
3
Q
[oN
S
fru
4
o,
(i,
(K
fu
I
uit)
mlo

7}+= Thread 09 =¥ J,H% ET7} WAl 3l%] Watchdog Thread®] @
o

Aol

2] ol AA| A|2ES Al A T)E=E BG

S & 2~
I 1)

& ATmegal2s - stOIEHEOE
DRE BRE 20 Z20 220 SSUH)
D &8 00

(TeiWrite = 0
(Tz)Write =1
{(T1)Write =0
(T Write =1
(T1)Write = 0
(T1)Write =1
{(T1)Write =0
(T1)Write =1
(T1)Write = 0
nain. .

pthread_create completed! !
Watchdog reset occur
Bio K ! Start

{(T1)Write = 0
(T1iWrite =1
{(T1)Write =0
(T1)Write =1
(T1iWrite = 0
(T1)Write =1
{(T1)Write = 0
(T1iWrite =1
{(T1)Write =0
(T1)Write = 1

NF |:75:36 | ANSIW | 57600 8-N-1 | SEAOLL | CARS [ NUM 2 B

[729 6] Watchdog Thread 3 X5
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5.2.2 Watchcat thread

OIAAS $3 7]s 5 Watchcat Thread®l #A5S Sldl 54 A3tol
3k F3o) WA= threadE F7F sl o, Watchcat Thread+= ©| thread

2 39 @ 4 9o

@ ATmegal28 - slOlHEIDIE
mE BEE Z2A0) Z20) IO Zs2H

B

. Problem Thread
" Problem Thread
. Problem Thread
Write =1

" Problem Thread
. Problem Thread
Write =0

" Problem Thread
© Problem Thread
" Problem Thread
Write =1

3 reset

. Problem Thread
. Problem Thread
Write =0

. Problem Thread
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5.4 POSIX API

void® thread1{ void™ pAryg )
{

int num = 1;

Int fil;

inti;

fd = open{ "LED", 1]};
sem_wait{ &sem };
for{i=0;i<10; ++i)
{
num *=0x1;
printf{” (T1)Write = %ad'n", numj;
write{ fd, &num, sizeofinum] };
}
sem_post{ &sem J;
close( fd };

}
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Abstract

Embedded Kernel for Bio/Medical

Applications

Yong Gyu, Baek
Dept. of Computer Engineering

Graduate School of Kyung Hee University

With population becoming older in age and change of life style,
environment, about health of the people the interest is coming to
be high. the condition of oneself knows the Bio/Medical field
more developed. also the interest i1s coming to be high about
u-Lifecare because Ubiquitous techniques developed.

u-Lifecare is healthcare service which applies a remote medical
technique without restriction of time and space for people that
include sick person and health person.

The Bio/Medical field belongs in one field of embedded system.

Embedded system being in order to accomplish a specific goal
such as PDA, cellular phone, TV, MP3, digital camera that can

contact easily in daily life.
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The program which is used in bio/medical field is made simple
program such as firmware, but recent use real-time operating
system for various the function and complex work.

But the real-time operating system of existing dose not reflect
the requirement of bio/medical field. from the present paper after
analyzing the requirement of bio/medical field, design the Bio-K
that embedded kernel reflects bio/medical requirement. Bio-k, as
real-time operating system, provides a periodic thread, stability,

low-power, usability which is a requirement of bio/medical field.

Key words: Bio/Medical, Embedded System, Real-Time System,

Real-Time Operating System, Low-Power System, Bio—K,
Embedded Kernel, DP-DVS
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