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Introduction

O Ultrasound Localisation Microscopy (ULM) is a non-invasive method for vascular microstructure imaging which allows to detect abnormalities related to tumors [1],

strokes [2] or brain diseases such as Alzheimer's or Parkinson's [3].

O ULM main steps [4]: O A detection method based on decision theory with Neyman-Pearson (NP) criterion is proposed to increase the probability to detect the low intensity bubbles and to build a more complete vessel map.

Motivation

O The ratio MB intensity / noise depends on (i,j) pixel coordinates as shown on the example of chicken embryo data: 

Method

O A model containing two cases is proposed:

x i,j (t) =    (x i,j |H 0 )(t) = T i,j (t) (H 0 : no MB passage) (x i,j |H 1 )(t) = B i,j + T i,j (t) (H 1 : MB passage), (1) 
with T i,j ∼ N (m i,j , σ 2 i,j ) and B i,j a pixel-dependent constant (MB intensity).

O The aim of decision theory [6] → adaptive threshold for each pixel to distinguish H 0 and H 1 . The main tool of decision theory involves the likelihood ratio Λ, depending on the probability density p(x i,j |H i ), and an adaptive threshold γ i,j :

Λ(x i,j ) ∆ = p(x i,j |H 1 ) p(x i,j |H 0 ) H 1 ≷ H 0 γ i,j (2) 
O The likelihood ratio can be written analytically:

ln(Λ(x i,j )) = 1 2σ 2 i,j B(2x i,j (t) -2m i,j -B i,j ) (3) 
O The Neyman-Pearson (NP) criterion allows to write an analytical expression of the threshold γ i,j as a function of a false alarm rate α 0 :

ln(γ i,j ) = B i,j σ 2 i,j (σ i,j √ 2 erf -1 (1 -2α 0 ) - B i,j 2 ). (4) 
O The decision rule in (5), obtained by injecting ( 3) and ( 4) in (2), is depending on statistical properties of pixels through time and is independent of bubble intensity.

This decision rule is an adaptive threshold map η i,j → if the signal x i,j (t) is greater than η i,j , the algorithm outputs a bubble detection on the (i,j) pixel at time t.

x i,j (t)

H 1 ≷ H 0 σ i,j √ 2 erf -1 (1 -2α 0 ) + m i,j ∆ = η i,j (5) 

Results

O New detected vessels (white arrows) on Fig. 5 → structures where MB intensity is lower than residual noise, not detected by the intensity-based detection method. 

Conclusion

O MB detection method based on decision theory allows:

• a more complete density map,

• a better estimation of velocity map,

• a computationally efficient approach adapted to 3D data processing.

O In perspective, it would be interesting to apply the NP method on ultrasound images without contrast agent by using low response red blood cells, as done in [START_REF] Jensen | International Society for Optics and Photonics[END_REF].
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 456 Figure 4: MB density with the intensity-based detection.
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 7 Figure 7: MB velocity with the Neyman-Pearson detection.