PCT/US2012/047756

WO 2013/066437

1/31

0T
OAJ3S 320|D 29AE[S
Yam 221na( [eN3Ig ane|s

| Ol

90T

JMOMIaN uoiedIuUNWWOo)

Z0T1
OAJIS 20D J931SEeIN
Yam 221na( [eN3Iq Ja1seN




PCT/US2012/047756

WO 2013/066437

2/31

9Tz

¢ Old

i1 3unJoopinp
/m%

apin8anem 0€C @

1un Joopu|

Y0Z 3un Aduanbau] oipey aAe|s

w,}m@? %

o 1un J00pINo

apindanepy | 8TT -
i %

80¢

!

¥

1un Joopu|

702 yun Adusnbau4 oipey J33sen

Vi

00¢



PCT/US2012/047756

WO 2013/066437

3/31

€ Old

CTE 3INPOIN
U0I323.11070) awi]

90¢
3INPOIAl ploysaiyl

9T¢ 2|INPON ¥TE 3INpoN
320]D 433SeN JUBWIAINSEIIN
OTE 2INPOIN 80€ INPOIN
Aejaq dui] 193ded u0I323110) a1ey
v0€ _—
w_:mm_\/_ ¢0€ SINPOIN
uonIedIUNWWOoD
a1ey Aduanbau4

Z0¢ Hun Aduanbai4 oipey 4a1se N




PCT/US2012/047756

WO 2013/066437

4/31

v Old

90v 3INPOIN
UOIBZIUOIYDUAS

80F% 2INPON
300[D 2AB[S
70V o|npoy _
JUBWINSEIN C0v AINPON
UO1EDIUNWWIO)
anels

0c¢ Hun Aduanbaud oipey ane|s




WO 2013/066437 PCT/US2012/047756

5/31

Master Device 502 Slave Device 504

Freq_m Freq_s= R*Freq_m
T11

pelay Request .

T12

N
SO
S
S
S
o
SO
S
S,

' T22

pelay Request -

Paﬁket511

T42 e
v \j

FIG. 5




WO 2013/066437 PCT/US2012/047756

6/31

Start

¥
. . . . 602
Transmit plurality of packets between master device and slave device

¥

Calculate skews between pairs of plurality of packets at slave device and skews | 604
between pairs at master device ’

¥

Calculate ratios (slave frequency rates and reverse slave frequency rates)
between skews of plurality of packets at slave device and skews between pairs |
at master device

606

¥
Compare slave frequency rate to related reverse slave frequency rate -~ 608

If slave frequency rate approximates reverse slave frequency rate, provide . 610
slave clock frequency correction to slave device

¥
Calculate packet trip delays for packets between master device and slave . 612
device

¥

614

Determine minimum packet trip delay

¥
Calculate offset between master clock servo and slave clock servo basedon . 616
minimum packet trip delay

¥

Provide offset to slave device . 618

¥
END

FIG. 6



WO 2013/066437 PCT/US2012/047756

7/31
Start
¥
. . 702
Receive packets from master device AN
¥
Measure time when packet received and 704
measure time when sending response O
¥
Provide measured times to master device . 706
¥
Receive slave clock frequency correction from master device - 708
¥
. . 710
Correct slave clock servo based on slave clock frequency correction N
¥
Continue to receive packets, measure time when packets received, measure | . 712
time when sending responses, and provide times to master device o
¥
Receive offset from master device RN 714
W
. 716
Apply offset to slave clock servo
¥
END

FIG. 7



WO 2013/066437

We are searching for
minimal round-trip delay |
i.e. minimal sumof |
(M2S_Delay + S2M_Delay) |

Y

M2S_Dela

Y

M2S_Dela

Y

M2S_Dela

M2S_Dela

Y

+

+

+

+

CLOCK
L
3 S
: M2s_ | \\\
: Delay § sync.
> g
:3| g
= S2M e
4 _Del Delay_req
ay
i
-
e
s
e
3 s A
M2S_ ¢
g Delay : sync.
= :
1 e
s 3
” SIM Delay_req
_Del «
ay i
A
y e
: M2s_
Delay sync
B :
2 cannnt T
L 2
= 1Y o
4 _Del -
: ay Dflay_req
"
$s
X
Fudd
3 M2s_ §
> Delay & sync
i« :
> :
;l’ e
: s2M Delay_req
_Del ‘LJ@‘.«“‘““
ay &
A ¥

PCT/US2012/047756

These two measurements
are candidates for
calculating mean path
delay

FIG. 8




PCT/US2012/047756

WO 2013/066437

9/31

6 Old

( ejeq

¥16 0d

sisAleuy )

€lep Sddl
paJinboy

Zl6
a2dooso||I9sO
[enbig

N0 Sddl

706
a21Aa(] AAeS

SddPAg|S

L

016

YOIMS = UOIMS

0¢6

Jledl

J0lelausn

806

Sdd¥91seN

[ —

506
4OIMS

O SddT
706

32IA3( J21SBIAl

T
]

A

816
101eJ3U3D

ayel]




PCT/US2012/047756

WO 2013/066437

10/31

8¢0T 9¢0

T




WO 2013/066437 PCT/US2012/047756

11/31
Digital Device
1100 1114
Comm. Network
,,,,,,,, Interface
1108
Processor | |
1102

I/O Interface
1110

Memory System
1104

Display Interface
1112

Storage System
1106

FIG. 11



WO 2013/066437

12/31

PCT/US2012/047756

SRR

- . .
= s y ) ; ; ‘ @ < et oy 3 oy
T 2 SIS T RO U I A
e R o i~ = " by By = & By _y W B0y &
- K o g &y o KA & m = R < O B =8
w N ot X o &k A N 2 N 853 Ey %
‘;‘: B
- : : S - - : ¥ =
s dw s s 8 OR OB R &8 @B R &
i ;
o E
3 :
AN e " o~y e > B k. o o o s a0 s o
* < e ) o iy o 0¥ 18 i = b % 2 ) ] &
3 & ax <& % 3 3 N @ o & By w3 w0 i~ & &
3 » 2] o R Ty o 5] ERad oM o tad ) o Lol R o
;&; :
k:
e & o LS = i he w
o & & <F a0 N 53 iy & e
r‘;" A ) a? «:} ¥ o N -
by - N
5o a0 > oy - Ty ot g @ o I ke 2 7 2y i )
FR - N S U S PR T8 B &8 8§ ¥ @8 8 § K
N = b o = £ R @ ~ = B ~ R & s BN = "
& k
. ;
3 f
S N A @ {9 e fw e - .
* ey 9 =¥ ~ i e E 5% e R 5 0 3 ke -
L L T L S I GO I ®
3 " o N e s 2 e e 3
) R ] N N Eeol g ke 2% Y W b=y
= ke 5 £ g B & B i o =
N :
& g e A ] ¥ " N 1 S 3 v B Wl pey 3
N ’
k] ]
ht
o
Fa . . < - & . - & & - & . ™ .
& ]
‘{g
e
b
o~y o~ o 0 el b ] ~ 5\",\' ) el hal N g . -~ i =~

FIG. 12



WO 2013/066437 PCT/US2012/047756

13/31

Max delta mean path delay = 140

1. 8 sync msg/s, 1 switch between master

and slave

varOff = 9.796¢-016
stdDev = 31.3ns
minOff =-210ns
maxOff = 103ns
meanOff = -39.1ns
deltaNS1 = 313ns
measureNum = 10658

< 107 PPS offset(t)

1.5 T T T T

1 L 1 L L
(o} 2000 4000 6000 8000 10000 12000
time [s]

PTP slave - PPS offset distribution
1.8 T T T T =

Yo

5 :
offset [ns] 107

FIG. 13

= 5 _1-5 i




WO 2013/066437 PCT/US2012/047756

14/31

2. 8 sync msg/s, 1 switch between master and slave
varOff = 8.256e-016

stdDev = 28.7ns

minOff=-210ns

max0ff=214.5ns

meanOff=-37.6ns

deltaNS1=424.5ns

measureNum = 100000

x 107 PPS offset(t)
2.5 T T T T T T T T T

_2_5 L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10
time [s] o 10
PTP slave - PPZS offset distribution
== -
. RO X L 1 1
-2 -1.5 -1 -0.5 u} 0.5 1 1.5 2
offset [ns] w0

FIG. 14



PCT/US2012/047756

WO 2013/066437

15/31

8 sync msg/s, 1 switch between master and

slave, 100Mbit/s UDP forced traffic

varOff

stdDev
minOff
maxOff

3.

8.22e-016

28.7ns
-242ns
143ns

-38.3ns
385ns

meanOff
deltaNS1

47480

measureNum

FFZS offsetit)

w10

1.

-~ PTPoff |

[5u] 1850

1
4.5

[Ny}

2.5
tirme [s]

1.5

-2.5

T

#* 10

PTF slave - PPS offset distribution

®* 10

offset [ns]

FIG. 15



WO 2013/066437 PCT/US2012/047756

16/31
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5. 8 sync msg/s, 1 switch between master and
slave, 20Mbit/s broadcast UDP forced traffic
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6. 8 sync msg/s, 2 switches between master and
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Max delta mean path delay = 180ns
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2. 8 sync msg/s, 2 switches between master and
slave, 20Mbit/s UDP forced traffic
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3. 8 sync msg/s, 2 switches between master and
slave, 50Mbit/s UDP forced traffic
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4. 50 sync msg/s, 2 switches between master and
slave
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5. 50 sync msg/s, 2 switches between master and
slave, 20Mbit/s UDP forced traffic
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6. 50 sync msg/s, 2 switches between master and
slave, 50Mbit/s UDP forced traffic
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7. 50 sync msg/s, 2 switches between master and
slave, 50Mbit/s UDP forced traffic (2nd)
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8. 50 sync msg/s, 2 switches between master and
slave, 80Mbit/s UDP forced traffic
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9. 50 sync msg/s, 2 switches between master and
slave, 80Mbit/s UDP forced traffic (2nd)
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10. 50 sync msg/s, 3 switches between master and

slave, OMbit/s UDP forced traffic
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11. 50 sync msg/s, 1 switch between master and
slave, 20Mbit/s UDP forced traffic
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12. 50 sync msg/s, 1 switch between master and
slave, 50Mbit/s UDP forced traffic
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13. 50 sync msg/s, 1 switch between master and
slave, 80Mbit/s UDP forced traffic
varOff=4.16e-016
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