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ABSTRACT

Precise time synchronization is a main technology in high-speed communications, parallel and distributed
processing systems, Internet information industry and electronic commerce. Synchronized clocks are useful for
many reasons. Often a distributed system is designed to realize some synchronized behavior, especially in
real-time processing in factories, aircraft, space vehicles, and military applications. Nowadays, time
synchronization has been compulsory thing as distributed processing and network operations are generalized.
A network time server obtains, keeps accurate and precise time by synchronizing its local clock to standard
reference time source and distributes time information through standard time synchronization protocol. This
paper describes design issues and implementation of a network time server for time synchronization
especially based on a clock model. The system uses GPS (Global Positioning System) as a standard reference
time source and offers UTC (Universal Time Coordinated) through NTP (Network Time Protocol).
Implementation result and performance analysis are also presented. '

I/=

GPS, NTP, A7t %71, A& My, 88 =Y

.M E Y Az Ve 2ud% B, HE/ED A
A2®, JER BR A4 g AR dAY Sl 2

E ST AL A ~EAEY S ARENEE NS z0s
HedX} 2004, 3. 31 .



GPSZ ©14% WEAZ A7 An

ol Hle 72 AR} Aty 9 Hd A &
ZAd " er ga7EY 718 AAH
jol 28 A 2 ARE P AGEE
A= e AL Ted oig A7 wEge
AHE BE A4Y 85, 24 A4d <AL &
A Buf 2 FAH LF £A F A FHoR
EFsl & 4 don 33 &4 BAYH 72 4
A, A 7177 Ae Je d7E ¥e8 ¢
o UEYI AR Aue AHe Ay 288 X
F AlAde srARozN FFgeta LT Al
Z4E g5 fAske Aladolth g ol #F )
H A4 37 ZREESS B3 A4 HARE WEY
2o Zujst= 715E 7HAh

2 =2 vEHNZ AT 3718 A48 A4 A
vlo] dA g 7@ dis] AAFo Alage B
T #Fx AZY2e 2 GPS(Global Positioning Sys-
tem)E- A}-§-8}3 NTP(Network Time Protocol)E
%3] ¥FA|(UTC: Universal Time Coordinated)E-
A &3t

=29 7AL e 2ok 284 BE dAF
2 A F71e He s BE AAY g5 9 B
viol]l s ohEth 3FAME UEAZ A2 Ay
o] A 84 F WFY 53] Y Zd AA o
3 A 4geMe 78 2 A5 Bt ARE
LA 579 4o 8 He

b oy AN

21 Azt 5719 "Ry
EE AFvHe AFH FHolg Bele AAY
Az 7S 23 Rled ol HAle Alad Al
A 2 A4F AT 239 dxz g4490. =, ¢
o] XA~ 9 CPU HH Al 2= 1/O A%
T GolR7) Al B3I Al 2 AP A
Zt A7 a3dA H1 o|g #Edte #YAE
ojglgt 87 §FFI B % {FAE o ot
A A 2" A geje] 3-8 Hale 2" g o
F8 =X FAlC F£YHEE el 24
22 o]Fold = glon P AAE A7) 93
=59 Y2 3713 Hol ojop vt
[2][5]. A MEAZE 7Iytez § & 2 B
A Aert dRisigel wet MEYI A8 B
FHA 847 9 MEYa &82 A3
4 UEST A5E ToUl7 f8 A 5189
FRE a7t o 2 Fof B, EAY &2
Y Az Frle F2 847 89 F Az F

7] glol MEYA Za A2 534 F g Ao
o [6]. AlZF F719 #EE AT #obE obd [E
1] A st

1 AZF 7] &t o 2o}
Table. 1 Research area related with time

synchronization
o THAFNE
3}z A 2} GPS 22 Ao
. Radio station 29 98 1Ay
Z] 3} -
A2 Al A © =1
Al ZFe e A5
8 s e au
eI o=
. RE Z2EE
/\] Z‘]--\%BH Radloﬂol'"%: %:_71 §]_ 7] |
Dedicated media H

22 ¥ N7e] 45

Al (Reference Clock)e ®&F A|zte] =
2 A7 wE QLAE RASEY] 98] ety ¢
B2Ry £Yse] ABsE Ro] Ydolnh [E
2 AHE 7He Rt Al S YE Aol

H 2 AME JtsB A2
Table. 2 Available reference time source

Rc’{clrmcsce Source Precision 54
GPS 170e] A% R o Tl MU Ha
Satellite | 222} 2709 |10"'~10 | 674 ol4re} AF Yol
Time | $H% #8& s e uguel Azt R
Source A SRe 4= i
GOES NOAA 2789 Q1 Egside] ztzt
Satellite of] AT 3¢ s (10 %) EHERt Alakatol)
Time |master clock® | *® AxlsfA] Al HE G
Service Wol FAl P ia=
1Ims B
. 3 Aupdg 2, R
(I;]adi(o Atomic Clock ((19 S o)z dl Fof
ocks received deS wi=r}
accuracy) oem
AFHdelt
AUOmAC|  Radio, %t
Computer| T HAL | sy o | wenas S A
Time atomic
Service clockd 2 22
Al 2 A 3 A

HoAM B Ao YEYAL Ao Wzt
3+ GOESY} Radio, Computer Time Service9}i=
22 GPS JATYXHL F 24702 T4 179
Ag 243 2789 FulF F9& 7141 A F A

1005



FZALALTAGI =84 A8E AGE

BRE ATz A7 ZE XA RAY 9
A9} AlG-g dold = Qv

23 A1z} 2uf

1985 o) ¥, A 57 Z2EZE 7R dE
el FHYsA 2ol Y NIP7F A6
Zgtez 53 451 gloh ole FFH A2H
9] 28 gde, 94 47, & E9e §8
R FHxz ANALd B3 A)7le Rz 1992d
FE NTPv37} dg 203 gl [3] 718 H29
NTP B]A& NTPv4zH, 2e MAe] o]FjF o
1} o}F RFCZ FUHAE &-& e ot NTP&
QEUE 535 UENA AP, & F 84 T ¥
A AGFo N 12 o5ty FUEE FXFHA
Y 28¢ 5713 Ao NTP= A% §718
8l A 4A VY-S 21 den E 7x9
HAde EF AN4E FA3E stratum-1 £
o] 911, o] stratum-1 E8& FZF, 713} A9
AN 28e stratum-2 o] "o} o]y T AF 7+
Z £ stratum 167tA] o)o]Z} [3].

28 1. NTP U ERZ EERX|
Fig. 1 NTP Network topology [3]

0. HESA AlZH A

AN F718 A% HEAI AZG AU 44
oy A2 g3 2. (1) £ A4E 853
WY, (2 B3t A28 A9 28 /A %
W, Q) A1 BRE £l 3t et & 2
HME MEYZ AF 5718 AT A2"9 71534
A P2} AL B9 8F 23 BHEA] A
¥ 29 2dd B3 A B

1006

31 A2¥9] 753 F&

YELZ AL 57 A2 BF A4S 85
ste Al AR, EE AMGS FAstE time-
keeper, Eelo|JERRE S 97 AlEE A st
7] A% AR APz A 71T FHAA
AHE VENT AL 57 Al=de] 72E [O1¥
2]¢ Jehd ok

UTCTOD 1PPS

Time Information

Packet Processor

Time & S\{stem )iformation

Network

T8 2 AARIe TSy 7=
Fig.2 Functional Architecture

AAY A 2 Aee ns Fx Ao
2 GPSE FH4s9d F=x A AHe GPs 9
4 Az & H3he GPS AW GPS AA-g Ao
i AR A% #E BaIv 8 7EH Ao
Timekeeper?] $% X+ U2 8 2d £ 24
A A3 g 37 Aere A 299 §
71E "R R e FYPoAEY a7 A A
o) 8 =82dAe JE Jve] 848 neld
Atk

32 A|29 §9 ¥4

Azt 718 olf7] A% 29 2de AL
ANzt f A, ARG AREE VI AR S
Z AFe a1E wEHol Foh. € =FIA
d3ke AlF B7) AEWE AL 73 e |
¥ 3] AAsch

—

2 >

\ GPS Antenna
: ; RS-232 Contre) & UTC TOD

Interface | . LK Generate
GPS '] GPS Control stem H Kesnel
L‘_aq—t:]‘—'_rl Mocule Hé.hm |‘3‘ Clock H Tines 0

S]] [25]

Interfee T

a3 3 28 ¢
Fig. 3 Clock model



GPSE o] &3 WEH]I Azt MM

Alzg 2892 GPS 4oz RE 5 A

ZAE 2713 9. A& F71X] Eloln
4235 A AAE NTPE 3 Az Eq) &
A&, goln Az ##H g4 Fol| /A =
g 28e 9% A, F HAe A9 g49& F=x
A2t 91l GPSel F718 Al717] 4% Aol Aa
E F29 golvio] APHor JF¥E wer 1
%9 AT AL e F714 A5 (1IPPS)E A Y
289¢ 5713 A717) A8 o AHYES T3l
AP, 713 REL AY Y9 2F £4,
Fz AZY3 F HA goln| g o] &3] |G BA
&g At A7 BAY e DAC (Digital
Analog Converter)E %3 A9 Ao HLErt)

—

ya

MOy ot X

41 vEAI A AW 74

A2" 7EE A7 FRFL Advanced RISC
Machines, Ltd. (ARM)ol} 2}l 7de H& 32-bit
ARM7TDMI rvlolad Z2AME giatez 31y
o 7. zZEAAe HH FFE  Reduced
Instruction Set Computer (RISC) 7| & 7|WH 22
3 T, YESAE A8 ool Ao AE
gk A9 28 BF & 98 GPS AT}
VCTCXO  (Voltage Controlled Temperature
Compensated Crystal Oscillator)& &3t} Al
2" stede] TE2E [19 4]9 2.

T T T T sysen ! &
Bus
[ | 4’
I [
External System ARM7TDMI |
Bus U] Bus Arbker 32-BRRISC ! 1Y
Master ! 3 !
! v 1 | GPS Antenna
Memary J‘ ‘ CPU Inteface ] :
| F 3 |
1 Etherne Cache H
I Controller
I
| Write
l c Buffer
I
1 v 1
| Interrupt .I Bus Router |
11 Controller !
: General 1fO
| Timer G, 1 |. Ports
1
[ 10MHz |
VCTCXO PLL UART 0, 1 _,l Console
| l .‘ 4 1 J
| |

a3 4 AlAH” StEYY 7=

Fig. 4 Hardware ar_chitecture
[28 5] VIEY A A7 B71 AlAade] ASE
o} F2E& RAEY (8] & Al F7) Z2E

22/ NTPE AH&3Ax, JHY delMe A=
d  #els 9sf SNMP  (Simple Network
Management Protocol)& A&, thd Al2"E 9
& MIB (Management Information Base)& 47|
TE3tgtt. GPS #e]x} (GPS Manager)e GPS
d2 Ao} 2 Ae AYE ad Az el
(Time Manager)& X& Alzte] 85 4 Fx A
2ol A 288 F71% Ao

Embedded Application
T GBI TN, o e
e 2 range ) prager > SWP_
Input/Output |
Interrupt pNA+  pRPC+
; \P" | Orivers | pSOS+Kemel | pPHILE+ pREPC+
|
Board-Support Package
[ Device Independent Serial Driver | | e
[ Serlal Driver ] | Drver
Hardware

8] 5 cfab AlAdle] AZELO £=
Fig. 5 Software architecture

42 A% B}

i =" A% HtE AT 4% 84
[29 6] Jehich A FHe| A E ¢ A
A8 =3y Y A= A4 HP53132A
He FLEHE A48y, o] HE FHEHY H5S
AN 7 7] Y8 Az F8 223 HPSIS51A
GPS &7] 22 AE3AH [9[10]. ¥ & 71&H
o] =A< 7123 7] 9 sl IEEE 488 GPIB QI 5
o2& 71X PCE A&t PCe #A 2 &3
tojg] 7|29 4&S st NTP AZE9o7} 4
g g5 Yazdoelde FHE A F7] Al
2" 2 & 2789 & AL AHE 53 AY
£9¢ TU8 A7, 7EE A2He] FEXE
EAsle 98-S g [11] H2EE dg 2d7
2 8 5 94} ,

nip1 .cs pusan.ac.kr

time.nist.gov

monitor & data iog configure & monitor NTP client

O% 6. Alag MY #E
Fig. 6 Test environment

1007



&

9%

o

HEAEE=EA A3 A5

B Nadel AY 29 2 23 Ang
[28 71014 BeiZ0], of Ao of 05Hze] F
3} 0 AE 21 A FYo] S} s BE
4 %% gl 248 22 Rz

1rsquency (Hz)

time (minute)

a8 7. X9 e Fu £ 3
Fig. 7 Frequency result

FANE AFHE) A2 FHoz SaaE
43 BARNE JBAe) FR54E 2a YA, B
9% B4 R E, & 59 849 8002 9l
8 3 3358 fA%A £aA "ok =, vlg A
g 4 e drht B fA=LA gt A
29 299 B%E 2 IFEI} ARHE Aol
2] (39 83 (38 )= A=Y geo) exy
3} A WES YeiE Ro2H gy A2
oJ A%sn Y $49 Bee naZh

otfse (second)

time {(minute;

[—tarest system time.nist.gov nipl.cs.pusan.ac.kr]

8 8 28 2xMo| HERt
Fig. 8 Variation of clock offset

itter (sacond)

time (minute)

{—tarcet svstem ——ume.nistsov

Np1.CY. PUSAN. 8C. kY

a8 9. Y X|g{e| Halgt
Fig. 9 Variation of clock iitter

1008

V.

M

£ % g% N
HFH 292 AA ESRE 82 (BHH 5
9) R AR 8749 29, AR ], A=
T 848 3 BE=Y A= AE e
WM AR A1 3™ Mert 2a3 AaY
A BE M F718te] 9ol o7 Atk
g 718 53 24 A A" el Y
Azt 7148 Agsted ok 49 AF JIA7 &
A3, B3 AlaY oA AYEHe Az 2
& N4 vger *1101 7Fs3ttt & Sof 4
At Aol AL Ff HolHY BEle 4 T
24X 28] F718 Hol AttE &4 AlZ gl
4713}01 dEA g F Sle Aot

B =fdAMe A7 5718 A48 UEYA A
Muel A R FH o3 GFAT g A=
e GPsE Rz ANAdez 3t Fgsta Ay
& 2FE A2 Y531, A9 298 2= AF
9l 5718 Atk =3 NTPE 3 Qe &
A @73t 4 Aeadd BFE AL FRE £
e 7led AT ALY 7E 23 R A%
40 AU, ¥F A7 A2 Boh HE
3 AYF Az FrAE AT A A BAY =
2 g 7Y diE A7t desid.

>t 1o L jo ox

aaes

[1] J. Levine, “Efficient time transfer using the
Internet,” Proceedings of Frequency Control
Symposium and PDA Exhibition, pp.522-529,
2002

[2] SM. Jun, D.H. Yu, S.Y. Seong, and Y.H.
Kim, “A time synchronization method - for
NTP,” Proceedings of the RTCSA,
pp-466-473, 1999.

3] N. Minar, “A survey of the NTP network,”
MIT Media Lab., 1999.

[4] T. Cuatto, C. Passerone, L. Lavagno, A.
Jurecska, M. Marelli, A. Damiano, C.
Sansoe, “A case study in embedded system
design: an engine control unit,” Proceedings
of Design Automation Conference,
pp-804-807, 1998.



GPSE ol &3 WEAA Al Ay

[5] P.K. Sinha, “Distributed Operating Systems:

Concepts and Design,” IEEE Computer
Society, pp.282-292, 1997.

[6] P. Skoog, “The Importance of Network
Time Synchronization,” TrueTime, Inc.

[7] SAMSUNG  KS32C50100  Microcontroller
User’s Manual, 1999.

[8] ISI, pSOSystem Concepts, ISI pSOSystem

Manual.

[9] HP 58503B and HP 59551A GPS Receivers
Operating and Programming Guide, 58503-
90013, Hewlett Packard.

[10] HP  53131A/132A  225MHz
Counter Operating Guide,
Hewlett Packard.

[11] NTPv4.1.72 User Manuals.

[12] http://www.boulder.nist.gov/timefreq/

Universal
53131-90055,

NPTV

54 24(So-Young Hwang)

19994 R abojetm
SIBEA)
20010 F Aol
3h(o] kA1 al)
20003~ @A Fardeta WA

2 A At

A7 o}

!

87 et waba g
#EA o : A2k B0, AA MEY, YHs
A2H, GPS &8

F=5/(Dong-Hui Yu)

19923 R )8t w
(o] 8tAH
19943 BArof st
(o] 824 AH
2001 RAhtistm
1 7}H(o] 8 kAL
19973 S AAFANA T 74
2001 d ~2002\d o] WM B Apxa
2002 ~ @A FAtEYY g HAFEH PR T
5 zuy
MR ¢ AEUl A F7], YA7)ukAn) A,
GPS, EUE 7, HEvt]o]ENA| A

AR A A8}
Ak A o

A7 2

1009



