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Problem Clocks, Oscillators and Allan Va

A key technological component for the develop- Almost any clock may be considered a two-part device, a Oscillator (determine the length of the
ment of low cost and easily deployed radio in- second) and a Counter to keep track of the numbers of seconds or clock cycles that have occurred.
terferometer arrays is a means of distributing a A oscillator is an electronic circuit that produces a electronic signal. In a analytical way the circuit
highly precise and stable atomic clock signal. In can be represented by the universal equation jjg - 2( % + g = 0, with general solution ¢(7) =
this research we are going to build a simulated A(C,w) sin(wT + ¢((,w)). Therefore we can easily model a oscillator just by a sine wave signal. Our
model for a wireless mesh clock distribution. A initial simple model has the form:

model will be developed to allow the prediction

of wireless clock mesh network performance for Oscillator model = Sine-wave(phase-from-oscillator + phase-drift + phase-noise)

precision time and frequency distribution.
Later on, amplitude variations, noise, and other complications can be added. Four usetul measures

for describing the quality of a clock are: frequency-accuracy, frequency stability, time accuracy,
and time stability. Because no perfect clocks/oscillators exist (materials, environment, etc.), we

Mesh Clock Net

The model will be used to investigate : have to measure the model. Traditionally, Allan variance is used. The Allan variance is defined as
Synchronization quality under realistic condi- 02(1) = 5{(Up41 — Un)?)- Another common measure is the Allan deviation o, () = \/ (05(7))-

tions; the impacts of channel variations on clock
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GUI matlab

We are working in build the entire simulation with Matlab Simulink, but at the moment there is
some detail that we need to figure out. For now, we are going to show a GUI with a oscillator signal
egraphs in the frequency and time domain and the Allan deviation. The next figure show the GUI.
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The model will allow the evaluation of differ- M— -

ent modulation, error correction, and feedback et e 'g"“"e“’"“m“““”"“"“
methodologies as well as simulation of the effects i |

of transceiver, antenna, and channel variations.
It will produce performance metrics such as the :
distribution in alignment times between clocks, |
oscillator phase noise, and oscillator first and o
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second order Allan variance.

oscillation period (5) [ TS
drift (1/s) [~ = ) < »|2.88288e-05
Sampling frequency (Hz) [ &S 4 p 221405

2

Sine wave (Oscillabor) Amplituds tme-domain
! ! ! ! 10 F T

F T T T FId]- - F - T - 1-1I-TTFH
i Allan deviation {

a

0 10 20 30 40 50 IS
t(s)

— — 0-Cenbered Periodogram

Local ‘Onboard Antenna Antenna Onboard

G'f“ sensors | sensors Sensors Sensors - nng L i -
~. 7] I ! ! e

/Reference ", Clock Wireless Wireless Wireless Wireless . Q.06
| Clock —» [ "0 4P Link Link Link Link 2
(optional) P MAC PHY PHY MAC ]

v Code Per Unit : wuar | L[ s e e
Mul[iple syn{: FD"U‘J’H'd EIIDI ':DIIE.‘CT.iDI'I syn{: Mulliple "I|:| o 1 1 IIIIII|-2 1 1 IIIIII|-1 1 1 Illlllll:I 1 1 IIIIII|1 1 L1 1 1111 5

Link Clock Data / Time Duty Cycle Clock Link ooz i 10 10 10 10 10 10
Model Detector Detector Model T(5ec)

-1%0 -100 -=0 I =0 100 120
Frequency (Hz)

2
ol
g 2
S .l
References
-1-125|:| -1|:I||:| -5I|:| I:Il 5I|:| 1|:I||:| 10
. . . . Frequency (H2)
|1|] Arkady Pikovsky: Synchronization, a universal con-
Cept Zn TZOTZ.ZZ'I’LBG,T‘ SCZBTLCBS, Cambridge UIliVQI‘Sity Phase noise amplitude [ & < »|0 signal = sine-wave(phase-of-oscillator + linear-phase-drift + phase noise)
Press 2001. oscillation amplitude [ ~ < » 0237882
2 oscillation period (s) [ 7S 4 b.{].{]45044 = izzean
|2| Erchin Serpedin, Qasim M. Chaudhari. Synchroniza- R — 288288005
tion 1n Waireless Sensors Networks, Cambridge Uni- Sampling frequency (H2) (PG 221405
Versity Press, 2009. 03 Sln-?:hwave(Dscrllatc::-rjAmpllltudetlme-d-i}mam 10 N Allanc:.ia.ajviation

0.2

David W. Allan, Neil Ashby, Clifford C. Hodge. o
The Science of Timekeeping. Application Note 1289, :
Hewlett Packard, 1997. =

-0.2

-0.3

-0.4

0 10 20 30 40 50 B0 o=
b(s)

Acknowledgeme ST

This research was supported by the Pre-College
summer Research: Internship program by AG- | el
MUS Institute of Mathematics in the Ana G. X R L A T
Mendez University System. 1 should like to S R

acknowledge Frank and Philip - they quickly R R

thought of something that I could do in the In-
ternship.

Fhase (Degrees)

120 -100 -=0 0 =0 100 120
Frequency (HZ)




