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S1 File. Calculation of echograms of singular values ratios 1 

The different steps of the echogram generation (Fig 2) are described below.  2 

Frames are processed one after the other. A pre-treatment is firstly carried out on each of them. 3 

To minimize the impact of noise in the analysis as well as to highlight the objects which could 4 

merge with the ambient background, due to their orientation towards the camera, a Lee filter 5 

(S1) is applied on each analysed frame. It will perform smoothing by minimizing either the 6 

mean square error or the weighted least square estimation. Smoothing is performed only if the 7 

area variance is low, preserving low and high contrast (1). 8 

(S1) 𝑌𝑖𝑗 = 𝐾̅ + 𝑊 ∗ (𝐶𝑖𝑗 − 𝐾̅) 9 

Where, 𝐾̅, the kernel mean ; 𝐶𝑖𝑗, the value of the calculated pixel ; 𝑊, the weight function : 𝑊 10 

= 
σ𝐾

2

σ𝐾
2+ σ2 ;  σ𝐾

2 , the kernel variance ; σ2, the image variance. 11 

The frame is then analyzed by performing a succession of singular value decomposition. Square 12 

sliding windows are scanning the frame with 50% overlap. Window size, 𝑑𝑤, is defined 13 

according to the frame resolution 𝑟 and to the minimum length targeted 𝐿𝑒𝑒𝑙_𝑚𝑖𝑛 (S2). Their 14 

number, 𝑊1 along the horizontal axis and 𝑊2 along the vertical one, thus depend on the frame 15 

dimension 𝐷1 x 𝐷2 (S3). A singular value decomposition is therefore systematically carried out 16 

on the successive part of the image covered by the sliding windows. At each slide of the 17 

window, ratio of each analyzed singular value is extracted according to a reference image (S4), 18 

a standard image obtained from the same acoustic camera with no objects passing through, thus 19 

without any discontinuities. This information is recorded in a matrix of dimension 𝑊1 x 𝑊2. To 20 

reduce the impact of the camera’s edge effects, a mask is calculated relatively to the reference 21 

image (S5). It is then applied (S6) on each singular value ratio matrix. 22 

(S2) 𝑑𝑤 =  
𝐿𝑒𝑒𝑙𝑠_𝑚𝑖𝑛

𝑟
    23 
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(S3) 𝑊1 =  
2∗(𝐷1− 𝑑𝑤)

𝑑𝑤
  , 𝑊2 =  

2∗(𝐷2− 𝑑𝑤)

𝑑𝑤
     24 

(S4)  ∀ w ∈ [1, 𝑊1], ∀ v ∈ [1, 𝑊2],   𝑆𝑤,𝑣 =  
𝜎𝑁

𝑤,𝑣

∑ 𝜎𝑛
𝑤,𝑣𝑛=𝑁

𝑛=1
− 

𝜎𝑁,𝑟𝑒𝑓
𝑤,𝑣

∑ 𝜎𝑛,𝑟𝑒𝑓
𝑤,𝑣𝑛=𝑁

𝑛=1
       25 

(S5) ∀ w ∈ [1, 𝑊1], ∀ v ∈ [1, 𝑊2],     𝑀𝑤,𝑣 = min(𝐼𝑖,𝑗,𝑟𝑒𝑓)
(𝑤−1)∗

𝑑𝑤
2

≤𝑖≤(𝑤−1)∗(
𝑑𝑤

2
)+𝑑𝑤

(𝑣−1)∗
𝑑𝑤

2
≤𝑗≤(𝑣−1)∗(

𝑑𝑤
2

)+𝑑𝑤
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(S6) ∀ w ∈ [1, 𝑊1], ∀ v ∈ [1, 𝑊2],   𝑅𝑤,𝑣 =  𝑆𝑤,𝑣 ∗  𝑀𝑤,𝑣       27 

Where 𝐿𝑒𝑒𝑙_𝑚𝑖𝑛, the minimum targeted length; 𝑟, the resolution of one pixel in millimetres; 𝐷1 28 

and 𝐷2 the dimension of the frame in pixels; 𝑑𝑤, the square sliding window side dimension in 29 

pixels; 𝑊1 and 𝑊2 the number of window along the vertical and horizontal axes; 𝜎𝑁
𝑤,𝑣

, the Nth 30 

singular value of the window (𝑤, 𝑣); 𝜎𝑁,𝑟𝑒𝑓
𝑤,𝑣

, the Nth singular value of the window (𝑤, 𝑣) of 31 

reference; 𝑆, the ratio matrix; 𝑀, the mask ; 𝑅, the ratio result matrix; 𝐼𝑟𝑒𝑓, the reference frame 32 

From these results matrix is kept the maximum of the discontinuities ratios (S7) along the 33 

vertical axis, i.e. along the main axis of the camera FOV. This allows us to study the 34 

discontinuities present over the entire depth of the camera, perpendicularly to the axis of the 35 

flow. These maximum values progressively build up the intermediate echogram for each 36 

singular value studied. One column thus represents one frame of the video. Echogram’s 37 

dimension matches the number of frames of the video by the number 𝑊2 of sliding windows 38 

along the vertical axis of the frames.  39 

(S7) ∀ i ∈  ⟦1, 𝑊2⟧, 𝑉𝑖,1 = max (𝑅𝑖,𝑗)1≤𝑗≤𝑊1
       40 

Where 𝑉, the matrix of maximum ratios along the vertical axis. 41 

The two resulting echograms are merged, using an adaptive threshold, function of the average 42 

value of the ratios at each range. It allows the extraction of objects detected simultaneously and 43 

the deduction of the frame intervals to be further examined. 44 
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