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Evaluation of Synchronization Performance with PTP
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Abstract: In this paper, we described the investigated theoretical time synchronization performances and experiment results
obtained by commercially provided PTP (Precise Time Protocol) modules when the time of a slave clock is synchronized to the
master clock. In the case of the theoretical performance analysis, we investigated 3 types of clock levels such as Crystal
Oscillator (XO), TCXO (Temperature Compensated XO) and OCXO (Oven Controlled XO). From the analysis, it was observed
that the synchronization performance is greatly influenced by the synchronization period and the required performance under 1
us can be achieved by using XO level clocks when the synchronization period is less than 2 seconds and the uncertainty of
the propagation delay is under 100 ns. For the experiments using commercial PTP modules, the synchronization performance
was investigated for direct, through 1 hub and through 2 hubs connections between the master clock and the slave clock. From
the experiment results, we observed that time synchronization under 90 ns with 1,000 seconds observation interval can be

achieved in the case of direct connection.
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Fig. 1. Basic exchange mechanism of the synchronization
messages in the PTP algorithm.
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Fig. 2. Theoretically estimated synchronization error of XO level
clock.
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Fig. 3. Theoretically estimated synchronization error of TCXO
level clock.
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Fig. 4. Theoretically estimated synchronization error of OCXO

level clock.
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Table 1. Values of packet delay valuation corresponding to the

transmission materials.
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ISR 659.8 ns 12.1 ns
2913 16.8 us 70.1 ns
295 277.7 us 20.6 us
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Table 2. Oscillator characteristics.
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Fig. 5. Configuration of the synchronization experiment using
commercial modules.
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commercial modules.
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Fig. 7. Phase offsets of the slave clock against the master clock.
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Fig. 8. Histogram of the clock offsets when the slave clock is
directly connected to the master clock.



Y A2 ERE
16.1
134
< 107
2
2 80 N
8 \\
& 54 §
27 b &
400  -300 200  -100 0 100 200 300 400
Actual clock offset (ns)
a”9. T 2 T F) shte] SBE Bl AAdS
o] 22 QA grell ek 3] *Eaal

Fig. 9. Histogram of the clock offsets when the slave clock is
connected to the master clock through 1 hub.

N
10.3
-
N

= 78
s
2z N
8 52 \
Q
ol N N

26

N
§ N
0.0 P M
-600 -400 -200 0 200 400 600
Actual clock offset (ns)
™10 T FEE T 2 TR s B E Fa dAAS

wj o] Fe} QA Zholl th gt S| AES .
Fig. 10. Histogram of the clock offsets when the slave clock is
connected to the master clock through 2 hubs.

913, b olF B
ey P o

/\

2

o = 0o
- T

Aok F WAlE, A2
dlolEl7} HtolA HWA HA
Bk gro] AA7] Wio] ey A} o e

e olvigi

Fll‘

=

o] S YeidTh WA #e o
%}%"ﬂ EH ]’ Edol tisA] AR,
4.0 nsoll EFHA} 84 nso)

I ole AR 5 7188 W 68 %Y FEE
ek 15 ns oo AZHE7 17 Thsstthal F8E & e
< oujgith. F 79 FrE FIA A4 HAS A=
B 17.8 nsoll FF A7} 10.8 nsE 68 %] &= thek
50 ns o] ATV JFEEE & T o=
AR Ao taia Aurw, 23 A4 9ol
RAX Ht Fh M nsol] o]2AT BFHAI} 1.6 nsE
B3] gH oz FAY  USS HET 5 Stk

ot 673

=g 0

hyA
B =5 23

3. A3e e vEe

Table 3. Experimentally observed clock offsets and transmission

_)_@\ ] = ;(45:;] o:]

delays
aa g |20 220 | SR
B |geax| Be |mrax
A A2 4.0 8.4 471.6 1.6
SE 14| 114 102 | 16,527.7 | 1239
3B 2 /) 44 17.8 10.8 32,036.3 77.1
—=s—Direct clomection .
1004—| —— Through 1 hub . 1o
["] —— Through 2 hubs L i =t
i
/.
_///j/
1 10 100 1000
Averaging time (s)
11 A4 35l & Z' 2 = Al gloll thgk MTIE.
Fig. 11. MTIE of the clock offsets according to the connection
methods.
= Sh} ol ge 2 7l SnE FalA Azslge
ASol Qo) BE BEAD e 1 7)o SnE FaA
AAYS AP B 2 B} PEol AW EFARE 93]
g Fojte RS TET Btk AY)oA S| drte
REL AHEY Ao diHoz AZE 4 e Fdvhe
02 d4s dAFd A3s BslA st As
ouatt = | A9 HBE AEEES Wt 2 A
HEE AgSRe W BAH BEH FERA ol
FAle F7bstelofgt sk= Ao] A@HoE FTEE F
g AW B, WEA aRARE Sk RS
BSshe A TIG. ol FFHA AAL ® Sh
o AN ABHeIN BE AL F AT AR Sl
HE CIEtE ) B0l G ARKom 289 et
delele) #Arh 2318 AoAE Yo EE 488 S
e YeE Aol 2& 01% Hs o ge wu
24 Fatol FHslolobtr olul7h g, E=@ 43 the
ANE A4S F AAAT AAZR] AFe] osia dojzl
atel 245 AnEA e ouls EARTR A,

5
o
2

= HlA Ak e Aol digk Hd)
A Z¥ZEA | #(MTIE: Maximum Time Interval Error) #t2 U
Btk MTIE= HlolElE H&3tr] 93] A= olAe
SAT 2719 Q%5 FRHARIEA) tgE FHo ARt

ge] ZgAloltk o] BAAE A AgelN T
o =S ZHe] dAs| Qurkez de) AHgEx
itk ol ke S Helr Aol ol nd AR

olFAAZIEA Zzte] Y=
ARole] zjolE Alxlgko =4 %LoHXJE}. MTIEE=

- HAAONAM Aok gk
AA ol



674 Young—kyu Lee, Sung—hoon Yang, Chang—bok Lee, Jong—Goo Lee, Young—Mi Park, and Moon—-Seok Lee

A E(set)oll tht o]2f gk AIZEEA oflefe] Huhgkolal o)<
U 2ol yehd & ld12].

MTIE(T) =
max [ max (z,)— min (2,)]
1ZkEZEN-n"kZi<k+n kZ<i<k+n "
(6)
A7 n=1,2,---, N—1 o]aL N& 9% Ho]Eje] 7|4

oM z;= SAE <1 HlolEolt:

AN = 7 SRl FH ATt Sk tiAA
OS2 MTIE ol S7Hds & & slvh A3 94 A=
AgelE B35 AZE 1000 Z olielA] 90 ns o] ke

AZYE Aol= 110 ns o] g 2=

AL 2 5 9tk MTIES] A9 Qlolds HE gl o
WA 2 AFES 2 259 velErt EAstEE 1
gl A7) Wl olH@ HolHE AA E: nAS

W Aol ZA PPk oHT 2 WESS 2t )
I Ao oy HlOlEi(outlier)Eh 3ei, olefat
o1 dlelelE A%
£ A gaste] B4
VA AR %— 57 A2 Rojolx Lt
How del AgHolAE @

2z10] o] 9l ol thest o] FelErh1)

MZ =0.6745(x; —x)/ MAD, i=0, 1, -, N—1  (7)

ir 2

A7l zE  FYFmedian)S VERNI, MAD=
median{|r, —z|} & on|gc} = 0]’3} dolggta spd
SAAR oulex = W FAHow FHE HolEvt

A
bl AZ mE FA

R

0¥

Ho] 9 °ﬂ ofsfa LAY E A=
dolgzia ddd = Stk wEkA o3t o) HlolHE
Aefsta A AE sh= Aol 2318 H =2 AHALS
g = A He Belth & 7HA Cﬂli’ﬂ A3 Ade
73l lelx Seo] gstEE 5,000 2 o)/Fe] HlolH
A MFE] AlAFSEAL 10,750 ~ 10,850 Atole] w|o]Ejel] ths)
A o] ol dHlelElR AejeiA Hit EE T HeE
A 4= dvkar 7Pghebd, ti=F 30 ns F=o] MTIE &
< HolH o]= 7|E9] 90 nso} HIwE wj 3w o]z
deol FHANE F S HolF= Aotk

v. 48
B =FX+= PTP (Precise Time Protocol) ]S o]-&
3t F& FE] A4S F FE9 A7l 571 A1E W
9] AZ-E7] el taiA =3tk olF HaliA WA o]
2421 F7] A5 disiA Aursial, tgo2e Feo
2 AFHE PTP 255 o83 57 43 Aol sy

Al e ATk
WA, o]&ZR1 A% B4 3 VA TR 24dHlH
T4 LAY o]E(XO: Crystal Oscillator), <%= RAE
A o]E)(TCXO: Time Compensated X0) = & AojH
2G| o]EJ(0CX0: Oven Controlled XO)ol] th3f ﬂéx}ﬁ
gx 9 22 =gzEert Pgo] 09 7FAIeH

¢

l‘

Nlﬂi fo to J\N

etk 7Hstel st 4 A9 8.9shd,
A WAZ X0 g F2s A Aol A7) 771
7F Aol Atg 9FE vIAH, AE7] F717F 2 2 ol
2 AFAA EZ=7F 100 ns oW

S 450l lolX= PTP
OVSNS)

A 278k= 1 us o8] s UEse A #E
& = JATh F HAZ, TCXO aﬂ%-‘ﬂ g5 AMEsHA
71 F717F 2 & odlo]a HFAA EF=7F 50 ns oWl
o Agel= digk 100 ns o]k 571% °olE F U
2 g AAJTE Al HWHE 0OCXO aﬂﬂ*‘«l ,—?:%—% AH8-51H 2
Z ojyle mE £3
15 ns oY L‘Mt 30 ns °o]3te] %7]% °lE F U
#2E 4 %’ii}
o2, PTP BES o83ty 73
Aes 437 fI8iA JEeE AF

o
FAsgn 48w
=
= 1

re
i
o
T
o
Qa
=
il
off
+ ry
2 o o rr —h
iin] ¥0,
2
i1
2
i
-0,

2
r2
>3‘~ i
ok
ER
o
7 2
12
ox
olr
2
e
:Oé

5\’15} HA Hi zﬂlﬂ/] 7H—r‘7} S7FHd giAldgez Ay

F2 o|2|(MTIE: Maximum Time Interval Error) #ke]
%7}0}1 RE ﬁ%oﬂ AoIA 1000 o] #HZ A7l tis)
ol ¢ 71Rs #EeGY. =3 AH AF

§H—% 73%011 T&r—f— AIZE 1000 2 ool 90 ns o]stE
AR T deE B A

A TR Aie T F7] Ee A 59
&3t 282 + U=

REFERENCES

[1] IEEE Instrumentation and Measurement Society, [EEE
Standard for a Precision Clock Synchronization Protocol
for Networked Measurement and Control Systems, 1EEE
std 1588-2008.

[2] http:/IEEE1588.nist.gov

[3] M. Princ, IEEE 1588 Implementation on a ColdFire
Processor, Application Note, AN3625, 2008.

[4] M. Horauer, K. Schossmaier, U. Schmid, R. Holler, and
N. Kero, “PSynUTC-evaluation of a high-precision time
synchronization prototype system or ethernet LANS,”
Proc. of the 34th Annual Precise Time and Time
Interval (PTTI) Meeting, pp. 263-277, Dec. 2002.

[S] Institute of Computer Technology, “Embedded SynUTC
and IEEE 1588 clock synchronization for industrial
ethernet,” First Workshop on IEEE-1588 Standard, pp.
26-37, Sep. 2003.

[6] H. Weibel, “IEEE 1588 tutorial,” IEEE 1588 Conf., Oct.
2006.

[7]1 http://en.wikipedia.org/wiki/Measurement_uncertainty

[8] http://en.wikipedia.org/wiki/Central limit theorem



(%]

[12]

(13]

Evaluation of Synchronization Performance with PTP

Z. R. Smith and C. S. Wells, “Central limit theorem
and sample size,” Annual Meeting of the Northeastern
Educational Research Association, Oct. 2006.

C. Gordon, Introduction to IEEE 1588 & Transparent
Clocks, White Paper, Tekron, 2009.

S. Balasubramanian, K. R. Harris, and A. Moldovansky,
“A frequency compensated clock for precision synchroni-
zation using IEEE 1588 protocol and its application to
ethernet,” Proc. of the Workshop on IEEE 1588, pp.
91-94, Sep. 2003.

S. Bregni, “Measurement of maximum time interval error
for telecommunications clock stability characterization,”
IEEE Transactions on Instrumentation and Measurement,
vol. 7, no. 5, pp. 900-906, 1996.

B. Iglewicz and D. Hoaglin, “How to detect and handle
outliers,” ASQC Basic References in Quality Control:
Statistical Techniques, vol. 16, pp. 10-13, 1993.

o g

19953 ABstw ARk Z4.
19979 FFHE7|Ed ARFFEY
AAL 2002 5 ofEF ERAL 2002~
A dxrEHgATY INIEEE
AT, AR 94 &
AlZb Bla g F 7], BAE T, Al
e~ F9.

1984 Feistu AREs E4.
19979 St WAkt AL
20124 & TSk HRAE 19843~FA
FEREAGATY R EST A
e ARk FHAY 2 B2l
4 o8 A7 Wl 3 F7), A3t
o1& AlZE7.

o & =

1980 AMAten AApEsty 9.
19829 & theh HAL 19943 & oSt
HRAL 1982 ~EA) Sttt
7RISR AdATYE. BHER=

4, At o)g Azt Hlm 8 57,

1989d HFdign $8FATHES.
1989\ 3~& A SA=HF=ATd 7k
EER AYred. BaEoks A

Azl g B EA 4.

675

ek AL 1998 3-8 Skt
Zr 2R 2% AR EoF AT
WilEoks WA 8 AXFA.

19973 ZAUga A o)A =¥ st}
4. 2010 olFUistn HAE S
AL 1997132000 LG A A9,
2005 3~EA LIG Y29 AzA AT
AY FAATY. Bk AR,
duits AZE o] = AE A,



