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Abstract

:

This article presents a summary of three common false-bottom occurrences in echosounder imaging based on an analysis of echosounder data. Utilizing the imaging principle of the echosounder, a comprehensive analysis was conducted and an explanation of each situation’s causes, imaging characteristics, impacts, and solutions is presented. Additionally, the article includes calculations to determine the precise location of the false bottom, which were subsequently validated through actual data collection. To address the two most impactful false-bottom scenarios in target detection, solutions are proposed from two perspectives. By accurately judging the position and imaging characteristics of these false bottoms, the article concludes with an analysis of the causes of false bottoms and presents corresponding solutions. The article aims to facilitate the rapid identification and elimination of false bottoms, thus mitigating their adverse effects on target detection.






Keywords:


echosounder; false bottom; imaging characteristics; judging position; eliminate












1. Introduction


In 1906, Lewis Nixon invented the first sonar receiving device for the purpose of detecting icebergs [1]. With the outbreak of World War I, sonar technology garnered significant interest from researchers. After nearly a century of progress, sonar technology has become increasingly comprehensive [2,3], and numerous detection devices based on sonar technology have emerged and are now widely utilized in diverse fields, such as scientific research, fisheries, and military operations [4,5,6,7,8,9]. The advancement of sonar technology not only enhances productivity in activities like aquaculture and fishing [10,11], but also enriches research methodologies for studying aquatic organisms and conducting geological exploration [12,13]. With the increasing prevalence of sonar technology, research in this field is also expanding, incorporating successful applications that combine sonar technology with emerging areas like artificial intelligence [14,15]. These synergistic developments significantly propel the advancement of sonar technology, enabling it to better serve current production processes and research endeavors.



Although advancements have been made in the application process, the use of echosounders to determine underwater positions still poses certain challenges, specifically, misleading seabed echoes that mask fish echoes. Misleading seabed echoes can occur when the echosounders employed to detect underwater objects erroneously detect the presence of a seabed that does not actually exist. This issue can compromise the accuracy and reliability of imaging technology, warranting attention and potentially leading to improvements in the field [16]. Indeed, the issue of false bottoms has been a topic of discussion among scholars since as early as 2002 [17]. However, previous studies on false bottoms were limited in terms of their data sources and comprehensiveness. These studies relied solely on echosounder data from a single water body, failing to provide a comprehensive summary of the common occurrences of false bottoms. Subsequently, several relevant articles have addressed the phenomenon of false bottoms [18]; however, none have conducted a thorough analysis of the various situations in which false bottoms can arise.



This article addresses the limitations associated with single small-batch sampling data by providing a comprehensive summary of the various situations in which false bottoms occur. The study utilized a large dataset of echosounder data from different periods to analyze the problem of false bottoms from multiple perspectives and the analysis included an exploration of the factors contributing to their formation, their imaging characteristics, their impact, and potential solutions. Misleading seabed echoes are categorized into three distinct types, and the relationship is calculated between the maximum detection and the true depth of the seabed in each situation. Furthermore, the specific locations and intensities of each type of false bottom are determined, and preventive solutions based on sound transmission characteristics are proposed. By investigating false bottoms in echosounder imaging, we aim, in this study, to enhance the reliability and efficiency of echosounder detection, while facilitating its broader application in scientific research, fisheries, and related fields [17,19].




2. Materials and Methods


2.1. Material Sources


All data in this study were sourced from a scientific echosounders of water acoustic instruments, which can be operated using multiple transceivers of different frequencies. The echosounder frequency of the data analyzed in this article was 38 kHz. The data collection period lasted from 23 January 2023 to 16 June 2023; the data were collected by the Antarctic krill vessel, Deep Blue, in the 48.1 Antarctic krill fishing zone. We used Echoview software (V 8.0.92) to read the raw data information, and we used Python 3.10 to analyze the data. The main package used for parsing was Echopype; the exploit IDE was PyCharm 2022.3.




2.2. The Working Principle and Imaging Principle of the Echosounder


The echosounder [20] operates by emitting sound signals in a directed manner through a transmitter and subsequently receiving echo signals. When the emitted signal encounters a target or object, it generates a significant echo signal [21]. By recording the intensity and time of the echo and implementing various data-processing steps, such as amplification, filtering, and denoising [22,23,24,25], the echosounder can calculate the position and size of the target, as well as other relevant information. In echosounder imaging, the processed echo intensity data (dB) are depicted as a grayscale or thermal map, thereby generating a two-dimensional echosounder image. Each pixel in the image represents the reflection intensity of the target at the corresponding location, providing a visual representation of the target’s shape, position, size, and other characteristics [26,27].




2.3. The Influence of False Bottoms on Echosounder Detection and Its Causes


The term “false bottom” refers to a spurious representation of the ocean floor. Within echosounder images, false bottoms exhibit continuity and certain thickness characteristics, resembling the actual bottom. These false bottoms can significantly impede the accurate determination of the bottom position. Moreover, if a false-bottom image appears above the actual bottom, it can be erroneously identified as an echosounder image of the target object, thereby compromising the accuracy and reliability of echosounder detection. However, false bottoms do not manifest randomly or spontaneously. They typically arise due to the reception of multiple reflections, primarily secondary reflections, by the echosounder’s receiver, resulting in detection-related effects. Additionally, a false bottom can originate from the reception of echo signals occurring beyond the detection range. Common false bottoms can be categorized into the following three types [17]:



2.3.1. The Second Reflection of the Same Ping Signal Forms a False Bottom


One possible cause of the formation of a false bottom is the occurrence of two reflections of the bottom echo being received by the receiver during an echosounder reception cycle. This leads the receiver to perceive the two reflections as a single reflection echo signal originating from the false bottom’s location (see Figure 1a). Consequently, the time for the receiver to receive the signal for one cycle can be expressed as follows:


   t m  =   2  d m   v   



(1)






  2  d  r 1   = v  t  r 1    



(2)




where the propagation speed of sound waves in seawater is denoted by  v ,    t m    is each ping during the cycle duration,    d m    is the maximum detection depth,    t  r 1     is the time of the true-bottom echo transmission of the first type, and    d  r 1     is the seabed depth of the first type.



Within a signal cycle, two reflections of the bottom echo are received by the receiver; therefore, the following equation can be used:


   t  f 1   = 2  t  r 1    



(3)




where    t  f 1     is the sonar transmission time of the formation of the first type of false bottom. The receiver should be able to receive the secondary echo signal within one cycle, and the following requirement must be met:


   t m  >  t  f 1    



(4)







It is not difficult to derive the following equation from the above formula:


   d  r 1   <    d m   2   



(5)







It is apparent from Formula (5) that the second reflection of the same ping signal generates a false bottom, where the true depth of the seabed (   d  r 1    ) must be less than half of the maximum detection depth (   d m   ), as depicted in Figure 2a of the echosounder image. The false-bottom echo, compared with the genuine bottom echo signal, experiences two additional reflections (one from the seabed and one from the water surface) and travels a greater distance in the water. Consequently, the acoustic signal undergoes more significant attenuation, resulting in a weaker signal being received in comparison to the actual bottom. Given the shallow depth of the genuine bottom (   d  r 1   <    d m   2   ), the transmission distance of the genuine bottom echo is small, yielding a relatively strong echo intensity for the bottom target. Hence, the false-bottom image can be readily distinguished. In this scenario, the depth of the false bottom is twice that of the actual bottom (   d  f 1   = 2  d  r 1    ). However, it is important to note that the false bottom does not occur in the same area as the target echo, and therefore does not significantly affect target detection.




2.3.2. The First Ping Echo Signal Is Reflected Twice to Form a False Bottom on the Second Ping


A false bottom can also be formed by the first ping echo signal having two reflections, resulting in the formation of a false bottom during the second ping. This principle is illustrated in Figure 1b. The formation process occurs when the receiver partially receives the true-bottom echo after the first reflection, resulting in the presence of a genuine bottom echo in the echosounder image. Subsequently, the remaining echo signals are reflected at the water surface and then once more at the bottom before being received by the receiver in the subsequent cycle. Mistakenly, these echoes are perceived as signals that were emitted by the echosounder in the next cycle, consequently creating a false bottom. In this case, the transmission interval    t v    between the two ping signals is as follows:


   t v  =  t m  +  t i   



(6)







From Figure 1b, it is evident that the false bottom occurs upon the second ping signal.


  2  d  f 2   = v  t  f 2   = v ( 2  t  r 2   −  t v  )  



(7)






   d  f 2   = 2  d  r 2   −  d m  −   v  t i   2   



(8)




where    d  f 2     is the false-bottom depth of the second type,    d  r 2     is the seabed depth of the second type, and    t  f 2     is the time between the start of the second ping and the arrival of the second bottom echo from the previous ping. In this case, the true-bottom echo will appear in the current ping echosounder image, so the following equation holds:


   d m  >  d  r 2    



(9)







The depth of the false bottom (   d  f 2    ) is greater than zero, and the interval (   t i   ) between the adjacent ping-receiving cycles is also greater than zero. Using Formula (8), we can conclude that this false-bottom scenario occurs when the actual depth (   d  r 2    ) of the seabed is greater than half of the maximum detection depth (   d m   ) and less than the maximum detection depth. The true echo signal of the seabed will appear in the first ping, and the secondary echo signal of the seabed will be received by the receiver in the next cycle, which is then considered to be the signal echo of the subsequent cycle. Consequently, a false-bottom image is formed at the corresponding depth (   d  f 2    ) in the second signal cycle. The specific presentation of this phenomenon in echosounder images is illustrated in Figure 2b.



Compared with the real-bottom echo situation, the false-bottom signal has two more reflections (one seabed reflection and one water-surface reflection), and travels farther in the water, resulting in greater loss of acoustic signal and a weaker received signal. However, this false-bottom signal will be randomly distributed above the real seabed, and in the detection of fishery resources, the depth range in which the target object appears is approximately the same. If the influence of the false bottom is ignored, the false-bottom signal will be mistaken for the target object, resulting in detection errors. Therefore, it is necessary to avoid the occurrence of such false bottoms.




2.3.3. The Bottom Echo Signal Outside the Detection Range of the Previous Ping Forms a False Bottom in the Next Ping


In this case (Figure 1c), the true-bottom depth exceeds the maximum detection depth. However, in the actual detection process, the echosounder’s reflection still appears in the echosounder image under specific circumstances.



Using Formula (6), the transmission interval between two consecutive ping signals (   t v   ) can be calculated. When the echosounder reflects off the true bottom at a depth greater than the maximum detection range, the echo’s reflection time extends beyond one complete reception cycle. If a false bottom is present, the echo signal will be received by the receiver in the subsequent cycle. Hence, in such instances, the seabed depth must satisfy the following conditions:


   t v  +  t m  >   2  d  r 3    v  >  t v   



(10)




where    t v    is the time between two consecutive ping signals, and    t m    is each ping received during one cycle. Multiplying both sides by    v 2    at the same time yields the following:


  2  d m  +   v  t i   2  >  d  r 3   >  d m  +   v  t i   2   



(11)







The depth of the false bottom is as follows:


   d  f 3   =   v  t  f 3    2  =   v (  t  r 3   −  t m  −  t i  )  2  =  d  r 3   −  d m  −   v  t i   2   



(12)







From the echosounder image (Figure 2c), it becomes evident that, when the bottom depth (   d  r 3    ) satisfies the conditions (  2  d m  +   v  t i   2  >  d  r 3   >  d m  +   v  t i   2   ), there is potential for the formation of a false bottom, where the bottom echo is generated beyond the detection range. In the aforementioned scenario, as the true-bottom depth surpasses the maximum detected bottom, the echo signal at the bottom of the ping is absent in the current ping. Determining the trend of the bottom depth necessitates combining the preceding and subsequent echosounder images. As shown in Figure 2c, the bottom depth continues to deepen until it disappears after surpassing the maximum detection depth. At the interruption point, the true-bottom depth equates to the maximum detection depth, and the depth further increases. In the dataset selected for this study,    t i    is relatively small. After exceeding the maximum detection depth, a false bottom begins to emerge at a depth of 0 (Formula (12)). Consequently, in the echosounder image, any continuous image that appears from a depth of 0 after surpassing the maximum detection depth can be classified as a false bottom. Relying solely on observations of false bottoms during the detection process can result in mistaking false-bottom images as either a cluster of fish or the true bottom. Thus, it is imperative to avoid such misinterpretations in practical use.



It is important to acknowledge that false bottoms may also arise in other circumstances. Nevertheless, through extensive observations and analyses of numerous echosounder data, the occurrence of false bottoms in these other situations was found to be exceptionally rare. Accordingly, further elucidation of these occurrences will not be provided in this article.





2.4. Verification of the Correctness of the Formula Derivation


To verify the correctness of the formula derivation, we randomly selected echosounder data that included the first two instances of false bottom from the collected dataset for further analysis. The parsed data are a two-dimensional position depth table. Therefore, the depth value corresponding to the Nth echo point can be calculated using the following expression:


   d N  =   N  d m   M   



(13)




where    d N    is the depth corresponding to the Nth echo point and    d m    is the maximum detection depth, which represents the deepest point that can be detected. By combining the echosounder data with echo maps, the approximate region of the actual bottom and false bottom is identified. The actual position of the false bottom is then calculated using Formula (13). This calculated position is compared with the position derived from the aforementioned formula to validate the accuracy of the derivation.





3. Results


A total of 200 Type 1 and 200 Type 2 false-bottom echosounder data were selected for analysis. The actual depth of the false bottom and true bottom in the image was calculated utilizing the false-bottom calculation formula derived in the article to determine the theoretical depth. Subsequently, a comparison was made between the actual depth of the true and false bottoms, and the theoretical depth of the false bottom. The obtained results are presented as Table 1.



The experimental results obtained by calculating the error of the false-bottom depth using the formula are clearly illustrated in the Table 1. It can be observed that the difference between the theoretical false-bottom depth and the actual false-bottom depth is minimal. When comparing the calculated false-bottom depth obtained using the formula with the actual false-bottom depth, both types exhibit data errors below 2% in over 90% of cases, with only a few instances exceeding 5% error. These findings demonstrate that Formulas (2) and (8), derived from the theory used for calculating false-bottom depth, are generally consistent with the actual results, satisfying the requirements for practical use.



In the scenario of a third pseudo-bottom, the depth of the true bottom extends beyond the range of the echo detector, rendering the determination of the actual depth impossible. Nevertheless, valuable insights were gleaned from extensive observations of the echosounder data, resulting in the formulation of the following rules. The appearance of the third type of false bottom coincides with the gradual deepening of the true bottom, surpassing the detection range, and disappears as the true bottom gradually becomes shallower, returning to within the detection range. The theoretical conditions for the occurrence of the third type of false bottom align with empirical observations, wherein false bottoms typically originate at a depth of 0, consistent with real-world scenarios. While the calculation formula for the third depth satisfies the theoretical requirements, further verification is necessary before its implementation in practical production.



We suggest carrying out multiple tests in the same water area. First, a researcher should measure the depth of the water area; then, they should adjust the maximum detection depth so that the maximum detection depth is less than the depth of the water area. Observing the depth of the false bottom in the image, the true-bottom depth can be inserted into the derived formula to obtain a set of false-bottom depth data. The results can be compared with the false-bottom depth obtained from the corresponding position experiment to verify the correctness of the derivation.




4. Discussion


False bottoms in echosounder data can be addressed in two stages: pre-acquisition and post-acquisition. Post-processing techniques, such as filtering and removing false bottoms, have been extensively studied by scholars [16,28,29]. However, these methods can sometimes lead to the loss of critical information and induce identification errors in specific situations, such as the occurrence of seabed faults or measurements that exceed the detection range [30]. To mitigate false-bottom occurrences and ensure data integrity, in this article we propose two collection-stage schemes that effectively prevent false bottoms and ensure data preservation.



4.1. Comparison of High-Frequency and Low-Frequency Signals


In the aforementioned cases, when the receiver picks up the echo signal that is creating a false bottom, it travels a greater distance compared with the true-bottom echo. Combining the absorption loss characteristics of sound propagation [31], the following equation can be derived:


  T  L 2  = α x  



(14)




where   T  L 2    represents the propagation loss resulting from medium absorption, as indicated by the absorption coefficient, and  x  represents the propagation distance. It is important to note that, under identical conditions, the absorption loss of propagation increases in proportion to the propagation distance.


  α = A   S  f r   f 2     f r 2  +  f 2    + B    f 2     f r    ( d B / k m )  



(15)




where  A  = 2.03 × 10−2,  B  = 2.94 × 10−2,  S  is the salinity (‰),  f  is the frequency of the sound wave (kHz), and    f r    is the relaxation frequency (kHz). In the same medium, at the same temperature and the same propagation distance, there is a positive correlation between the acoustic propagation loss and the acoustic frequency, suggesting that high-frequency signals attenuate more quickly during propagation [32,33]. All input data in this study were obtained from an underwater acoustic instrument called the Scientific Echosounder [34], which is a high-precision, single-beam, multi-frequency detection echosounder for marine organisms. It can be operated using multiple transceivers of different frequencies, allowing for the simultaneous use of multiple band pulses by combining high-frequency signals that experience faster attenuation during propagation. The use of high-frequency pulse signals effectively suppresses false-bottom occurrences without compromising target and bottom recognition. However, it is important to note that, due to the significant loss that occurs during high-frequency signal transmission, weak echo signals may not be detected. Thus, while this approach successfully eliminates false bottoms, it may decrease echo intensity resolution due to the high audio frequency that is emitted.




4.2. Increasing the Time Interval between Adjacent Signal Reception Cycles


False-bottom formation is caused by echo disorder. A false bottom is generated during a signal cycle when the second reflection of the same ping signal experiences disorder between the second echo at the bottom and the actual bottom echo signal [18]. In this scenario, the area in which the target object appears (above the seabed) does not overlap with the area in which the false bottom emerges (below the seabed); thus, it does not affect the target object detection. However, the areas in which the other two false bottoms occur overlap with the areas where the target object appears, meaning that they must be avoided during data collection. Both types of false bottom result from echo disturbance between adjacent signal cycles, in line with the principle of false-bottom formation. Specifically, these false bottoms are caused by the echo signal from the previous cycle, which is collected during the current cycle’s signal acquisition stage. To prevent mutual interference between adjacent periods, the time interval between the two signal acquisition cycles (   t i   ) can be increased, further attenuating the previous cycle’s echosounder signal in water [19]. However, increasing the time interval will reduce the temporal resolution of the echosounder; therefore, the accuracy must meet the required standards when implementing this approach.





5. Conclusions


Echosounders are important tools for fishery resource assessment, with a wide range of applications in fisheries [35,36,37,38]. Understanding the working principles of echosounders is crucial for effectively addressing any problems that are encountered. False bottoms are a common issue when using echosounders for target detection, making the study of false bottoms essential for improving detection accuracy.



This study encompasses a large dataset of echosounder data to identify and analyze three common false-bottom situations. It provides a detailed analysis and explanation of the causes, imaging characteristics, impacts, and solutions for each situation. The study also calculates the locations of false bottoms. Moreover, a plan is proposed to prevent the occurrence of false bottoms based on the principle of false-bottom formation and the characteristics of echosounder propagation, which enhances the reliability of echosounder detection.



We compared our research with the existing research [16,17,39,40]. Our study is unique in starting from the principle of false-bottom formation, categorizing common false bottoms into three situations, and analyzing echosounder false bottoms from multiple dimensions, such as the causes, characteristics, and impacts. This study avoids making generalizations about false bottoms by providing a clear and accurate classification. The differentiation of false-bottom types allows for corresponding prevention and elimination plans to be established for each type, surpassing the limitations of traditional research. Nonetheless, research on false-bottom imaging algorithms still lags behind other research [41,42,43,44].



The article’s limitations include the fact that the attempts to prevent false bottoms are limited to the collection stage, and an effective solution for processing offline echosounder data has not been presented. Only the true-bottom depth obtained from the offline echosounder data is currently used to determine the position of false bottoms and assist in their identification. Thus, there is a need for an efficient and reliable method to remove false bottoms. If an algorithm can accurately and effectively remove false bottoms, echosounders could be better applied in scientific research [45], fisheries, and other fields. However, further exploration and research are required for the development of this algorithm.
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Figure 1. Sonar diagram of different types of false bottom. (a) First type. (b) Second type. (c) Third type.    d 0   —sea surface depth [0 m];    d  r 1    —seabed depth of first type [m];    d  r 2    —seabed depth of second type [m];    d  r 3    —seabed depth of third type [m];    d m   —echo range [m];    d  f 1    —false-bottom depth of first type [m];    d  f 2    —false-bottom depth of second type [m];    d  f 3    —false-bottom depth of third type [m];    t 0   —start time of first ping [0s];    t  r 1    —time of arrival of the true-bottom echo of first type [s];    t  r 2    —time of arrival of the true-bottom echo of second type [s];    t  r 3    —time of arrival of the true-bottom echo of third type [s];    t i   —interval between adjacent ping receiving cycles [s];    t m   —each ping receiving cycle duration [s];    t  f 1    —formation of false-bottom sonar transmission time [s];    t  f 2    —time between the start of second ping and the arrival of the second bottom echo from previous ping [s];    t  f 3    —time between the start of second ping and the arrival of the first bottom echo from previous ping [s]. 
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Figure 2. Target intensity (dB) echogram. (a) First type. (b) Second type. (c) Third type. 
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Table 1. Experimental results of the formula’s calculation of false-bottom depth errors.
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	Type
	Parameters
	Quantity





	First type
	Total

<2%

2%~5%

>5%
	200

195

5

0



	Second type
	Total

<2%

2%~5%

>5%
	200

192

6

2
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