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Design and Implementation of Real-Time Operating System
for a GPS Navigation Computer

Jang-Sik Bae'- Dae-Ki Song'- Cheol-Hoon Lee'' - Ho-Jun Song''!

ABSTRACT

GPS (Global Positioning System) is the most ideal navigation system which can be used on the earth irrespective of time and weather
conditions. GPS has been used for various applications such as construction, survey, environment, communication, intelligent vehicles and
airplanes and the needs of GPS are increasing in these days. This paper deals with the design and implementation of the RTOS (Real-Time
Operating System) for a GPS navigation computer in the GPS/INS integrated navigation system. The RTOS provides the optimal environment
for execution and the base platform to develop GPS application programs. The key facilities supplied by the RTOS developed in this paper are
priority-based preemptive scheduling policy, dynamic memory management, intelligent interrupt handling, timers and IPC, etc. We also verify
the correct operations of all application tasks of the GPS navigation computer on the RTOS and evaluate the performance by measuring the
overhead of using the RTOS services.
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0STCBPrio 0] [rcireader 9 T Tcs Lt
0STCEPrio (1] M:ﬂ ‘ M
OSTCBPro[2] [RERSne"s 'l |
tydef struct {
struct 0s_itb- “OSTCBHeader
108 TASK HEAD : ‘
OS.TASK_HEAD OSTCBFPrioTWlPrioLevell :
“OSTCEBHeader
|2
OSTagkNum = 0 1 .
0STCBPrio | OSTCBHeader 1-»{ 7C8 |
[Priolevall [ OSTaskMum =1

the lowest prionty
fidle task)

(3% 3) TCBE st fME9 Ho|ae sl (Header) =

typedef struct os_tch {
void « OSTaskStack : =
uint OSTaskStat ;
uint OSTaskPrio ;
uint OSTaskDly ;
uint OSTaskX ; Task
uint OSTaskY ; Management
uint OSTaskBitX ; and
uint OSTaskBitY ; Scheduling
uint OSTimeQuantum ;
OS_BVENT » OSTaskEventPtr :
struct os_tcb ~OSTaskNext ;
struct os_tcb OSTaskPrey
struct os_tcb ~ OSPrioLisiNext :
struct os_icb + OSPrioListPrev ; —_
struct os_tch + MemSuspend ; — Memory

Management

uint OSTaskSignal ;
uint OSTaskEnableSignal :
uint OSTaskActiveSignal ;
void (+ signal_handies)(uint) ; Signal
void « OSTaskSavedStack ; Handiing
uint OSTaskSavedStat ;
struct os_tcb « OSSuspendListNext ;
struct os_tcb + OSSuspendListPrev ;

}0S_TCB ;
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[ TCB |
(3] 31 130 |29 |28 |27 |26 | 25 |24 /.
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typedef struct os_event{
int OSEventCnt ;
void + OSEventPtr ;

struct os_icb ~ OSSuspendiist :
/+for Mutex Semaphore «/

SN
struct os_tcb * MutexOwner ;
. uint CurrentUse :
signal uint OriginPric .
}OS_EVENT ; wait

ECB(Event Conirol Block)
(3@ 9) ECB(Event Conrol Block)2l #+=

&
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AAQ A F2E (2 103 (2 1)F 2o £9 AF
+ fd g 5o dE MAX_POOL_NUMSHE A48
o AMgE & gled, oHd FL A} AR FE=
PoolTable[MAX_POOL_NUM]¢| AA = &d 7| 2% 22 10
& AM23tn Qv 2 elA FreePCBList= AHS 7Hsd 7H8
Z52 A48 2 A8 3, FreePCBNume AH: 71
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* .
OSSemMake(OS_EVENT » pevent, int value Fash AhEols) Ax ASE A% 44
o . Aotz olg] gro) 0xtt & of AunlEols & ut 74 AFln 39
Au} o] 0SSemGet(OS_EVENT * pevent, uint timeout, uint *err) oz B3
g gl231} ISRe| 93] AMEE mHA ATiR ol o] o]RojA:
0SSemRelease(OS_EVENT * pevent) JHEE WA
ECBY EoEH ¢ vA A9 TAHE @Awol WUut=E ¥ BECBE
OSMboxMake(OS_EVENT * pevent, void * message) 2718
n““';};L OSMboxReceive(OS_EVENT * pevent, uint timeot, uint | g #zol WAIR7} Solglo®, £4% d2ad S Agaas
- * err) HYut2g wlg
0OSMboxSend(OS_EVENT * pevent, void * message) Wdut2o] ARG A
0SQMake(OS_EVENT * pevent, 0S_Q * pq, void ** start, FCB9 ¥ 218, QCB(Queue Control Block)s] XH, F WA WA A
uint size) 7b 7 29 A9} 27§ o} Fof Ul ECBE =73
oA 2] . WA A § ool stikolate] WAIA L Eo A& W, Fo OSQOut22H
a 0SQReceive(OS_EVENT * pevent, uint timeout, uint * err) H AAE AW Bad A2
. Fo o ol HAAE @Fe F3ho] §l& o A E vz, AAAE
0SQSend(OS_EVENT * pevent, void * message) g 2ol g dE HAAE Fo Be
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PoolTable

«StartAddr

Prev
Next
Sbe
Remain
+Susperd

2

v

Next
Ske
Remain
+Suspend
«Starthadr |

MCB

Next:
Skie
Remahn
+Sugpand

Ve

Se
Free=0

v

v

«StartAddr

Free=1
Prav
Next

TCB

TCB

«FrStart
Prev
Next

e

TCB

CB TCB

Hemain
*Suspend

1CB

TCB

PCB

(38 10) S5 mi=e| A28 98 x' 7=

typedet struct pool_control_biock
{

char
MCB
uint
uint
uint
uint
uint MaxNum ;
uint BlockSize ;
0S_TCB +Suspend :
} PCB;

* StartAddr ;
« FrStart
Next ;

Prev ;

size ;
Remain :

typedef struct mcb
{

size ;
Free ;

uint

uint

structmcb * Prev |

struct mcb ~ Next :
}MC8B ;

(O 1) PCB2AMCB +=H|
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29 AANA DDI(Device Driver Interface)® AM8-3te
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AA Y tulo) A =aloldle] T2 (1Y 12)9 #h AA) &
=i ES HIT AHEE] A tulel Alo] R=F9
&9 AA7} AF3l= DDIel 98lA CreateDevicel] Hol&
e "= ol 4z SERY. S8 T2y AR
ZHo A A s=golo F B AFa AA
gzl ALSE tulelze] HEE gt $9F 5 olF
(init, open, close, read, write, ioctr)) 2.2 A2¥ F&3}lo] Al
£8 £ 9 FA% A2 ATEA HE Aotk

=0
ALES

3.2.8 Al2d A& (Signal Handling)

A2de gy ojael Bj2AEo A uF7]HQ] JHEE
ote]7] 3 AHEETh 9 AFE AnpEo], WUt F
o} e H2aRY FA ETEL WA EE AvtEE
45 & w7tz ga3r el JedA 53 oWEs} T
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+ CreateDevice[MaxDev]
1] [2} [3] [MaxDev]
number_]_number_] _number number ,
Name Name | Wame Name | CreateDriver
State State State State | peseteDriver
function | Function | Function et Furiction
« it et * irdt « it
. d - [ﬂﬂg - m[ggg s e -
* logirt + loctr » ioctr + ioctrd

Device Device Device Device

Control Control Control Control
Code1 Code2 Codes ... | Coden
HW HW HW HW
Devt Dev2 Devs - Devn

(08 12) cluto|~ =20l 7=

A7 g 7igeortt s Wde, Baart Alads F3
B4 Muj2g a3 AladE T BaaE oiE &
1 dslo] #Aglel CPUE H#3std 48 Ado] Foii
£ o 8% Aade diE A FdL S F, 74 T
old g2yt Aladg ol vz Nt Jbeda, bE
B277 CPUE A & W A2dg oW, ready’ 38l
AA A 48 Aol ¢71E VG HAH €A%
Hol 4% ARE AAEH TR AadE AT + U
t}. ol 713t olME E7shs g Alado] HE71H 9
HEE AFTE dviste Fojnh 0|9 & £ o] A
e @ e Aad g HEsy] Ao oA Bl A2
g FA g & gaae ofd Aadd ugtER e 7
g% B ojd Aldo] dvht RUFAEAE 7193HA X
7. Nad A& 9% TCB el d=¢ (7€ 133 20

typedef struct os_tcb {
[* == Signal Handling Fields et d
void » OSTaskSavedStack ;
uint OSTaskSavedStat :
uint OSTaskSignal :
uint OSTaskEnableSignal ; -
uint OSTaskActiveSignal :
void (+ signal_handler) (uinD) ;
struct os_tcb » OSSuspendListNext ;
struct os_tcb + OSSuspendListPrev ;
}OS_TCB:

(33 13) Al X2|8 /8t TCBU E=

3.2.9 A4 ¢ BAde AARL 2AEY

ARA49 BAL Haas) HYeyo] FH A g =
F r3E F USE RAdE Ae A Baase] J
A F7) wel +94E ok ¥ A=ddME o 2
A& BAshe o] 5oz & & Ak $IAAT 3B
$ $AeHe 9228 g2 (dispatch)dhe Alte] Bl
a9 § L& o e add] FFS TA dotd AT
LGAAY ST 54 ZHEE AL & oA d 4
32339 W&} goj, B oA THE AL E4AHAY
2AZHE da3e] o APl TAHY Aol HAH
$AeHe) daag tadA g 5 ok 2HEE FYPAs
) Baase A F71 vet Ao £P& A Aok

4. ANZH BEM A Y5t

2 d79 A% YrE GPS AZEHoldA e =4
(proprietary) S9M A} 23 E FYA|LHE HL3= AL
Z A% 9718 gk 2 972 Adso s E3AA A
£ 2A1%3, IPC 4y, Alvlxo], glojd, wjze #e 7|59
grA=lo] QlE Ao whale], GPS AZEH ]9 Ex} GAA|
E 9A 2AEY 9 g SGAAZNY 750 glenR
Axedolrl Bd#Hd4-E UAY A2 (embedded system)
o Bjau 277t o widEA Jeid gk & 3% %7}
M GPS 2ZES0j9 J5 R =g A9 & 47
g 53 RS0l o|RA A=Y AeA At

41 8 2zZER 0 Ej239 7|5

GPS 'Y 22 Ego]= TTakemeas, TNav, TProcSbf,
TDisplay, Talloc L8] 3L Tattitude i3 2 FA €. 4%
9 gxa 4L <E 7 ok

(E 3) GPS ¢ AZEof T E{23

glaay 9q g

TTakemeas #1233+ 1¥(100msec) @9 2 F 230,
carrier frequency search bin signal search process
$} tracking channel 2 5-€] raw measurement& +3
TNav TNav Bi23E 108 (lsec)vlch +8=9, $3X & o
2 B f3o 9, £5F Fatn, NA R4S 2R
ToprocSbf BlA2E 108(1sec) F712 T8 F£4

TTakemeas
A

E“A;bf ¥ data messageE #Ast1 WA A H(ephemeris,
- almanac, ionospheric, UTC correction data)& 2

Disglay | TSPy HAaE 1081sec)712 S5 4417

dom | S AHE AHEANA UART 498 o183kl of27)
- 71gke] P2 HAF

Talloc Talloc 232 189(100sec)F7]12 B4 £4 A

gz do] 53 Reo) wi} $42 83Ty =@ AHE
- el g3g A

Tattitde Tattitude H22E 108 (sec)F712 T35 944

:H*a o2BH £ HolHE ugoz AAEA 273

2 AAEA , nAd5e] AR
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FYPAL FHE AT Y 3L AL g4 22E
PCOlA GPS &4 REzZ AN T9AA, 52 EFAA
2 Py AZEg I=E § JEHEHE ORAA TF
AA &3 23 o d@o]A(logic analyzer)& AH-3to
usec GH7HA S AJ7HE v AFGT

A3 23 Y AR EID

GPS &4 At Aol £4=HE Haae b3 (24
148 2ol TAE Utk #3 Al vHA X E o B
2389 FINLE FAHTA 52 LFAAL & =EAA
TAY AAY EFAA FelM e Aag wadgd. (29
15 H2359 4934 L BAE J2E 93 Hnse) 2
A oldeto| A& AHEste] AN FIANAE HANE o
¢ 284 &g W g3 243 A3E ZAA.

ey
(2 14) GPS Ef23 7M

1TICK = 100 ms

GPS &Y UFEE 2T A PHANS €H X 78 437

g A Fshe wel, AL $9AAY B¢ B2t F
7158 $1¥ ITC AF, YA 2AEY, JHAE A §
o7 Ad Au2g A3 AEel.

(B 4 THAR &3 2o

422 F A
Proprietary 0OS RTOS

TPROCSBF 99.6 uSec 118 uSec
TATTITUDE 2.503 uSec 5.040 uSec
Tnav 288 uSec 288 uSec
TDISPLAY 47.88 mSec 76.40 mSec
TTAKEMEAS 282 uSec 2823 uSec
TALLOC 335 uSec 348 uSEc

[ sate/Timing € | Wavetorn 2 |
Accumuiate At

' of J ' X marker I 0000
s/Div Delay Markers Xto 0 TigtoX | Tig o ©
200 us 0 s Time 5.040 us ~5.320 us ~280 ns

4}

el

996uBec

(o) (rn )

» >» » > P> > » P
-~ o o s W N =

(38 16) MAIZE 2EHH MRS Al FHARZL &F

[ site/Timing £ |[ wavefom 2 |

—

T4

le )
P Task Execution Tme |

Task Switching Time

Without OS : Suspend — Context Switching
With OS  : Suspend — » Scheduling Routine — Context Switching
Added by « “OverHead™

(3% 15) GPS EHA3 ¥ &

ol#)e] <E 4>E FPANN 24 ANE =2 AT A0
o}, o}g (19 163 (¥ 1L Eﬁéi%% TPROCSBF
gazel £ 23 o datolA(logic analyzer)Z F
g Aotk £ 1Y g vTHEA AAT $IAAE AHE
B9L 7% $3PA7e] 118usecE 53 Al3to] o A£8FH
=), ol AN £4AA BAd e en = GEoth
o]+ EAMproprietary) SJAA7} 22 £XHY +

(g ) L) (2 Joom

s/Div Delay Markers X100 Trig to X Tig to O
1.00 us 1.600 & Time 2503 us 1600 s 1.600 §
A
: e !
1181uSec !

> » » > P P >
~N e e W N = O

(3% 17) AAIZ 2EHA AR Al FEAIZE £F

TATTITUDE 8229 $8A7 vaold A2e 94
AR Fo] B eAAAN BT} T 2 QMAEE
olfr AW M| 22 ArkEole) AT £IAAY AY A
W28 AHESHEY] ROl E 1 olejo) BaZ 293 Al
of ofzkel Rpolg ol ol HaA} e Haam
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AolsdA Ad Mul2e] S&o) deE AP Z= 4y

F EAg=d A AQARE gl fdMe] d3g
B2y Jgd $9AA7 GPS 52 29AARG AAE B
uSecol A BAE= 2 mSec7tA Aolrt Uy AL ¥ F %
ok 283 o)fE GPS 5a A AN E AntEo] e
23 F7] Auj2rt §7] Wi A4 6719 BaAE0
23 gojof & I dHoHE BF HY ¥FE su od
B2ast g A9 ¥5E AT 44 2AEYE Fo3
BE FAz8A Et ol PHE 9229 7t Fudn
zzagoe] EddsE 9449 444 (preemption)l
el g v 4 Qe 290 E & Uk waky
B AFNNE o8 F HES EF AHulXolE o] g3 u)
B (exclusive) .2 AR E AL AME MAA o A3 o
F& FA FEES FAL

5d B

¥ =R 78€ GPS ¥ AFHE AT AT 294
Ae 718422 deH23E AT Ad 729 B3 A
2 2AEF, B237 §A 2 F718 T A
lom, B7HAQ 71502 §4 vy @, thtelx =gt
¥ Qe o2, gojn, FYE AHYE AP, Alad 5E& =
842 Adstn gl & =89 BE= 5 GPS Y2388
83 Y AFE HH3E AT LIAAE dAstn
T3 ol e, o4& Eol7] A3 d=dojd &
d FEE EEATIZ 23N A B stEdo7t Wax 4
Azt FGAA Y o]Ho] 4= UAH, A s =Y
CPUE AHg3he 28 e 3 A2dd AHgs7] 5 gsic

FF 2899 Ao E 45 AT s qE 22
TFAAL uEAL 9% 71557 MESY, %Y A29 A
9 59 o2 fulo]2E AYste] ALe A LIAAL
O HgY A2FEdM AT F JES e Ao
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