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Figure 3: A wild field cricket (Gryllus 

campestris) basking outside its burrow. 
Figure 5: The automatically-determined 

track of a single cricket. 

Figure 4: Robust identification of foreground pixels.  Notice 

how the robust PPCA-AR model leads to a much clearer  

classification than the Gaussian PPCA. 

Student-t for robustness 
The Student-t distribution (see figure 1) is 

defined as follows: 

 

 

 

 

 

 

where ν is the mean, λ is known as the 

precision and d is the degrees of freedom.  

The second formulation shows that it may 

be viewed as an infinite scale mixture of 

Gaussians with a common mean. 

Its heavier tails make it more robust to 

outliers than the Gaussian; see figure 2. 

Variational Bayes 
Often exact Bayesian inference leads to 

intractable integrals.  We use a variational 

approximation technique to estimate 

posterior distributions for the set of model 

variables. 

This method minimises the Kullback-

Leibler distance between the true posterior 

and a parameterised, simpler approx-

imation to the true posterior. 

The free-form optimisation leads to a set of 

coupled, non-linear equations for the 

parameters which are solved iteratively. 

Wild cricket tracking 
The aim of this research project is to track 

an entire population of wild field crickets 

(see figure 3) in order to study the 

interaction between behaviour and 

genetics.  The crickets’ movements in the 

area immediately around their burrows are 

recorded on video. 

The result is tens of thousands of hours of 

low-definition, black and white video which 

need to be analysed to determine whether 

crickets are present and, if so, where they 

go and how they interact. 

Our robust, automatic tracking algorithm 

replaces a time-consuming, manual 

process. 

Offline tracking 
The appearance of the crickets can change 

markedly between frames, so we rely on 

their movement to track them. 

First we use PPCA-AR to fit Student-t-like 

distributions for each pixel in each video.  

These are used to determine the prob-

ability of each pixel in each frame being 

generated from those distributions.  

We then track regions of low probability as 

they are more likely to be in the fore-

ground, i.e. to be a cricket. 

Robust background modelling 
We use robust variational PPCA-AR to 

model the background, resulting in a 

probability for each pixel that it is part of 

the background.  A low probability indicates 

that the pixel is in the foreground (see 

figure 4). 

PPCA-AR models each latent variable in 

Probabilistic Principal Component Analysis 

using independent, robust autoregressive 

processes to capture temporal information.  

Both the observation and excitation noise 

are modelled using Student-t distributions. 

Tracking 
The cricket’s movement is modelled as a 

first order, non-linear dynamical system,  

which leads to a recursive definition of the 

state in one frame based on all previous 

and future states. 

The troublesome likelihood, which cannot 

be defined as a function of the state, is 

separated from the variational Bayesian 

approximation through the use of 

importance sampling. 

Figure 5 shows an example of the track 

made by a single cricket in one video. 
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Figure 1: Examples of the Student-t 

distribution. 

Figure 2: Demonstration of the effect of outliers on the maximum likelihood solutions 

for Gaussian (green) and Student-t (red) distributions. 


