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Background: Peskin's Model for Self-Synchronization [1]
Network of N integrate-and-fire oscillators.
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Voltage-like state variable xi with dynamics:
dxi
= S0 − γxi ,
0 ≤ xi ≤ 1, i = 1, . . . , N
dt
When xi = 1, the i-th oscillator fires and xi ! 0
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Figure 1: A system of two oscillators interacting by the pulse-coupling rule (see [1])

Pulse (or phase) coupling: a firing oscillator pulls
other oscillators up by an amount " or to firing:
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xi (t) = 1 ⇒ x j (t ) = min(1, x j (t) + ε) ∀ j #= i
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T0: propagation delay
TTx: transmitting delay (Message length)
Tdec: decoding delay
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Figure 2: Number of oscillators firing over
time; N=100, S0=2, $=1, "=0.3 (see [1])

Plan: Counter-Phase Coupling
for Coordinated Media Access

Problem: transmission delays cause
"blind spots" where no mutual coupling
between nodes can occur.
Here, lower bound for synchronization
accuracy is: Tdel = T0 + TTx + Tdec
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Application to
Wireless Networks [2]
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For arbitrary initial conditions: system
approaches a state in which all oscillators are
firing synchronously.
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Description of the timing advance transmit strategy for two periods

into two groups, each group firing T seconds apart and helping
each other to synchronize. Therefore T is still used as the
reference synchronization period.
Thanks to the new transmitting strategy the accuracy of
synchronization is longer limited by Tdel . Successful synchronization is therefore declared when firing instants are spread
over a time interval that is equal or smaller than T0 .

Oscillators split into two groups, firing T
seconds apart, synchronizing each other.

A. Results

Accuracy only bounded by T0.

Figs. 3 and 4 respectively plot the synchronization rate and
the mean time to synchrony, depending on the coupling factors
b and " defined in (1), in a fully meshed network with 30
nodes. Results are shown for timing advance synchronization
scheme with L = 1. The simulation is done by decomposing
each period T into 1000 steps, and calculating the corresponding state and interactions for each node at each step. The
initial conditions correspond to the case where all nodes have
randomly distributed state variables. The synchrony rate on
Fig. 3 was obtained by running the time advance strategy on
1000 sets of initial conditions, and successful synchronization
is detected when the timing accuracy does not exceed the
propagation delay T0 .
It is seen that it is possible to identify combinations of b and
" for which global synchronization is always achieved, and the
average time for the network to converge can be lower than
15 periods.

Idea: "counter"-phase coupling creates
groups that access the shared medium
simultaneously without interference.
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Figure 4: Two oscillators
interacting by the counterphase-coupling rule

Figure 5: Oscillators
firing with counterphase-coupling

Goal: more "coordinated" alternative to
randomized backoff strategies with no
communication overhead.
Hypothesis: Pro-active collision
avoidance increases throughput and
fairness under high load.
Plan: Realization as MAC-layer add-on;
evaluation on NS-2 and on our testbed.
Other potential applications: accessing
shared media with expensive collision
handling; e.g., memory, databases.
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V. C ONCLUSION
With the proposed synchronization scheme, a level of accuracy can be achieved that is only Headquarters
limited by the propagation
CSEMis
Centre
Suisse required,
d’Electronique
delay. Communication through pulses
no longer
et de Microtechnique SA
Rue Jaquet-Droz 1
P.O. Box
CH-2002 Neuchâtel

Zurich Center
CSEM Centre Suisse d’Electronique
et de Microtechnique SA
Badenerstrasse 569
CH-8048 Zurich
P +41 44 497 1411

Central Switzerland Center
CSEM Centre Suisse d’Electronique
et de Microtechnique SA
Untere Gründlistrasse 1
CH-6055 Alpnach Dorf
P +41 41 672 7511

csem

csem

csem
csem

centre suisse d’électronique
et de microtechnique

csem

csem

