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Drones, blimp, robots & cars



Robust adaptive filtering for the living
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Oysters behavior
Modeling bivalves biological rhythm

biosensor                 monitoring water quality
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• oysters can be used as biosensors for environmental 
monitoring

• abnormal behavior may trigger pollution alarm 

• spawning behavior is abnormal, as a deviation from normal 
behavior

• particular rhythmic behavior during reproduction to expel 
eggs

• spawning observation is important in domains like 
aquaculture, ecology, etc.

• detection process is manual until now

Oysters as biosensors



Oysters spawning

spawning
• a series of rapid 

contractions and relaxation 

• regularity in rhythm and 
consistency in amplitude

• duration 30 - 40 minutes 
with short relaxation period 

• simultaneous spawning in 
the population

• fluctuation in the velocity



Spawning detection algorithm

1. calculate velocity
2. calculate energy from velocity
3. pass the energy signal through 

a low-pass filter 
4. compare the filtered signal with 

some pre-defined threshold 
5. spawning or no-spawning 

decision



Velocity estimation
Velocity is the first order derivative of distance signal

Three numerical differentiators:

1. algebraic differentiator 
2. non-homogeneous high-order sliding mode differentiator 
3. homogeneous finite-time differentiator 



Algebraic differentiator

For a real valued signal , analytic on some interval , the first-
order derivative estimate is

                       

where  is the window length
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Non-homogeneous high-order sliding mode

Consider the following unknown noisy signal 

where  is some bounded measurement noise
Consider

where  and  are tuning parameters with 

 is the estimate of  and  is the estimate of 

ỹ(t) = y(t) + v(t)
v

·x1(t) = − α |x1(t) − ỹ(t) | sgn(x1(t) − ỹ(t)) + x2(t)
·x2(t) = − β sgn(x1(t) − ỹ(t)) − χ sgn(x2(t)) − x2(t)

α > 0 χ ≥ 0 β > χ

x1 y x2
·y



Homogeneous finite-time 
For a real valued signal , consider

where  are tuning parameters

 is the estimate of  and  is the estimate of 

y

·x1(t) = x2(t) − k1⌈x1(t) − y(t)⌋α

·x2(t) = − k2⌈x1(t) − y(t)⌋2α−1

k1, k2, α > 0

x1 y x2
·y



Spawning detection



Bivalves behavior
Analyzing climate change consequences
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