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A b s t r a c t  

The fish passage is an effective way for fish to pass through dams and obstacles, but most fish 

passes are currently not used, and the energy used by fish to pass through them is too great to 

meet the conditions for passage. This paper focuses on the factors that affect the fish swim-

ming energy expenditure. The factors include the hydraulic conditions of the fish passage, the 

fish swimming speed, and the fish tail swing frequency. A baffle is set up in a U-shaped 

channel with different barriers on either side of the baffle, making the hydrodynamic condi-

tions different on each side of the channel. HD cameras were set up to observe and record the 

fish swimming behaviors in the channel, and deep learning YOLOV5 algorithm was used to 

identify the fish swimming speed and the frequency of the tail swing. The data was analyzed 

to derive an equation for calculating the fish swimming energy consumption. FLUENT was 

used to simulate the fish energy consumption in the channel during high flows and to obtain 

the route with the lowest energy consumption of the fish, which will provide suggestions for 

the subsequent construction of fish passage and fish crossing facilities. 

Keywords: deep learning, fish swimming energy consumption equation, tail swing fre-

quency, model simulation. 

 

1. INTRODUCTION 

The fish passage is an artificial channel for fish to travel upstream through a structure such as 

a lock or dam or a natural structure. The ecological significance of the fish passage is to mitigate 

the impact of dam construction on fish and to help impeded fish to pass through the barrier and 

reach their important habitat for breeding and overwintering. At present fish passages are not 

working very well (Cao et al. 2016). The fish use too much energy to swim in them to meet the 

conditions for their passage and therefore the fish passages are not working as well as they 

could. 

Fish accomplish most of their basic behaviors by swimming. The fish swimming behaviors 

can be influenced by hydrodynamic conditions in the channel. Additionally, the active meta-

bolic rate (AMR) is a valuable parameter that can be used as an indicator of the fish swimming 

efficiency (Xia et al. 2013). Ohlberger et al. (2006) analyzed the relationship between the fish 
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swimming speed and AMR in the channel and derive the equation (Ohlberger et al. 2005, 2006). 

This paper focuses on the relationship between the fish energy consumption and the hydraulic 

conditions in the channel and the fish own factors, and get the fish swimming energy consump-

tion equation. 

2. EXPERIMENTAL SET UP 

A baffle in the U-shaped channel divides the channel into two identical parts, with different 

barriers on each side, making the hydrodynamic conditions different on each side (Kerr et al. 

2016). Instantaneous flow velocities and water depths are measured at multiple cross sections. 

Turbulent kinetic energy is obtained using these data. A HD camera was set up at the upper end 

of the observation area to observe and record the fish swimming behaviors in the channel. 

2.1 Animals 

The fish used in the experiment is Cyprinus Carpio haematopterus, a freshwater fish belonging 

to the cyprinid family, which is an active omnivorous fish and easy to observe. Thus it is widely 

used in biological research. And a pre-experiment was needed to determine the state of adapta-

tion of the fish in the channel and to take valid data for analysis. 

2.2 Deep learning 

The camera takes the image sequence of fish swimming, and YOLOV5 uses the image pro-

cessing technology to analyze the image. Then the computer establishes the mapping relation-

ship between the pixel coordinates of the image and the coordinates of corresponding points in 

space through calibration. It can obtain the fish actual displacement in a short time, so as to 

calculate the fish swimming speed. 

A fish tail swing action is taken as the initial movement and the recognition number is taken 

as the number of swimming tail swing. So the fish tail swing frequency is obtained by combin-

ing the number of fish tail swing and the fish swimming time. 

3. DIMENSIONAL ANALYSIS  

The fish swimming energy expenditure is related to the fish swimming speed (Ohlberger et al. 

2005, 2006), tail swing frequency (Chen et al. 2009), fish length (Marras et al. 2015), flow 

velocity, water depth, turbulent kinetic energy, etc. The fish swimming energy expenditure can 

be expressed by the following functional equation. 

 F (J, U, H, TKE, f, m, v, l) = 0  ,  

where J is the joule, f is the tail swing frequency, U is the flow velocity, H is the water depth, 

TKE is the turbulent kinetic energy, m is the fish weight, v is the fish swimming speed, and l is 

the fish length. Based on the π theorem, using l, v, m, as the fundamental physical quantities, 

the above equation can be expressed in dimensionless form as follows: 

 
2 2

( , , , , )
J U H TKE f l

F
mv v l v v


 

Ohlberger et al. (2006) analyzed the relationship between the fish swimming speed and 

AMR in the channel. The fish weight is 100 g and fish length is 10 cm, so the AMR equation 

is: 

 AMR = U2.53 × 2.33 + 10  . 

Consider the AMR as the fish swimming energy consumed expenditure. 
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All parameters can be obtained through instrumentation and calculation. Use these param-

eters to get x, y, z, w and the fish swimming energy consumption equation is derived. 

4. DISCUSSION 

The fish swimming energy consumption in the channel when high flow occurs in the channel 

is simulated by FLUENT. The route that consumes the least amount of energy for the fish is 

get. Fish swimming energy consumption equation can be used to inform the construction of fish 

passage and fish crossing facilities. 
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