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The software-based algorithm suffers from large errors and
jitters from the time measurement (timestamps).

The frequency of a clock is its intrinsic property. The clock
environment has little impact on frequency except in extreme
cases. The server clock’s frequency shifts slowly and
approximately linearly related to the aging and temperature
effects within a time window of a few hours.

Fig. 7: Nonlinear
timing with a
constant time
step; there is a
large over
correction at large
time step (the
algorithm is not
optimized)

The current algorithms of software solution are based on a linear model. For example, Precision Time Protocol (PTP), which
requires frequent synchronization in order to handle the effects of clock frequency drift. This paper explores a nonlinear
approach to synchronize clock time. The nonlinear approach can model the frequency shift in a better way. Therefore, the
required time interval to synchronize clocks can be longer. Meanwhile, it also offers better performance and relaxes the
synchronization process.

Fig 1. Aging of crystal resonator [3] 

Fig. 5: Learning of nonlinear 
model with time stamps
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Fig 2. Measured temperature effect on 
the frequency of several crystal 
oscillators (nominal frequency 
f0=32768.5Hz)  [5]

Fig 4. Linear SVM for skewness and offset
Fig 3. Two-way communication schema

Fig. 6: Strong correlation 
(0.96) between the measured 
frequency correction (blue) and 
clock offset (yellow) in a ptp4l 
test. The constant part of the 
frequency correction is 
removed

Learning methods with noisy data:
§ Large data set
§ Regression with inliers
§ Regression with outlier
§ Bad data (points between the 

two bounds) removal
§ Customized algorithm 
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Fig. 8: Hybrid time steps to mitigate the over correction and reduce the
convergence time at large time step
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Fig. 9: Linear model for a time step of 2 sec (left) and 10 sec (right). The 2 sec
case converges well; however the 10 sec step has large error accumulated

Bottle Neck of linear timing (PTP here) 
§ The large variance in frequency contributes to the large 

variance in offset.

Clock Model
§ In the linear model: ! " = $%&!"'&"
§ In the nonlinear model: ! " = (" + *,

or higher order

Time step: 100 sec
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Over-correction

Red dots: t2-t1
Yellow dots:   t3-t4


