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ABSTRACT 

In order to have good data quality, sensors like sidescan 

sonars (SSS) or magnetometers have to be deployed near 

the seabed. So, they are often carried by a towfish and 

linked via an umbilical cable to the ship. Unfortunately, 

because the cable is frequently not tensioned or not in the 

axis of the vessel, their ship relative position is difficult 

to estimate. A first solution to solve this problem is to use 

an ultra-short baseline (USBL) to obtain a positioning of 

the sensor with respect to the vessel, but this device is not 

always available or suitable. The solution proposed here 

is to use a forward looking sonar (FLS) to track the 

positioning of the towfish. A first part of this work is 

dedicated to show the experimental conditions. A second 

section is devoted to the tracking of the fish reflector in 

the FLS image, performed by an image processing 

module. This work is applied here on SSS data, so, the 

third part of this article is expended to carry out the image 

sonar mosaicing in a geographical information system 

(GIS). The different SSS mosaics results are compared to 

the digital terrain models (DTM) of the same area, 

showing an error positioning of about one meter. 

1. INTRODUCTION 

In oceanographic surveys, it is sometimes necessary to 

put the used device on a towfish. It is the case of Sidescan 

Sonars (SSS) for example, which gives images of the 

seabed reflectivity. Nature of seafloor and objects are the 

represented by acoustic echoes and shadows. Images 

quality is given by elongated shadows, which is obtained 

when the sonar is near the seabed (~10 m above it) [1]. It 

is also the case of magnetometers [2], which record 

magnetic anomalies on the seabed. Because of the 

magnetic signal decrease in  (R the distance to the 

target), this sensor must be near the seabed and far the 

ship. Remotely Operated Vehicles (ROV), by their 

nature, are also deployed near the seafloor.  

For different reasons, data recorded by these sensors 

should be georeferenced, for example to obtain magnetic 

anomalies maps, SSS images mosaics or precisely located 

photogrammetry. Unfortunately, there is imprecisions in 

towfish localization, because of the absence of GNSS in 

the underwater case, but also because of navigation 

variations of the towfish behind the ship (drift, depth 

variations, etc.) [3]. Several solutions are usually 

employed to reduce the imprecision of the towfish 

localization: the first solution is to add a layback to the 

towfish position, which is, in a first approximation, 

simply a trigonometric relationship between the cable 

length and the towfish altitude [4]. To take into account 

the real shape of the cable, which is often not straight, a 

layback model may replace it [5]. But in all cases, the 

towfish is supposed to be behind the ship, which is not 

always the case in reality. To find the real towfish 

positions, acoustic ranging systems like Long Baseline 

(LBL) or Ultra-short Baseline (USBL) should be used 

[4]. Unfortunately, these devices should sometimes be not 

suitable: it is the case of magnetometers for example, 

where acoustic transponders should generate magnetic 

perturbations. In the same way, these devices are 

sometimes not available, and another solutions should be 

found.  

The work proposed here intends to verify the feasibility 

of using a Forward Looking Sonar (FLS) to track towfish 

positions during the time. The first chapter is devoted to a 

description of the experiment. A second chapter describes 

the tracking algorithm in FLS images. A third chapter 

explains the projection of SSS images in a geographical 

map and the last chapter estimates objects errors 

positioning by a comparison with a bathymetric map. In 

the end, perspectives to this work will conclude the 

statements. 
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2. DESCRIPTION OF THE EXPERIMENT 

The experiment was realized in Brest Harbor with a SSS 

Starfish 450, trailed by a little hydrographic launch. To 

follow the trajectory of the SSS during the survey, a FLS 

Blueview P900-130 was mounted on a pole which is 

located at port side and insonifying back. There is also a 

RTK GNSS, mounted on another pole, quite in the 

middle of the ship. Figure 1 shows drawings of the 

experimental protocol. Table 1 and Table 2 give the 

principal characteristics of the two sonars. 

The survey was consisting in several parallel lines of 

approximately 500 meters long, insonified successively 

and oriented quite north-south. For each line, SSS and 

FLS data are recorded simultaneously. A particular 

attention must be made to the time synchronization 

between the different devices (use of the UTC time 

recommended). Figure 2 shows the area of the 

experiment and the realized trajectory.  

 (a) 

 (b) 

Figure 1. (a) Experimental protocol to track the SSS 

with a FLS. (b) Sonar position relative to the GNSS. 

 

 

 

 

 

Nominal frequency  450 kHz 

Range used in the survey 50 m 

Pulse Chirp of 400µs 

Vertical beam 60° @-3dB 

Horizontal beam  1.7° @-3dB 

Emitted level <210dB re 1µPa @1m 

Table 1. Principal characteristics of the SSS Starfish 450 

during the experiment [6] 

  

Operating Frequency 900 kHz 

Ping Rate 10 Hz 

Field-of-View 130° 

Range used in the survey 17 m 

Beam Width 1° x 20° 

Number of Beams 768 

Beam Spacing 0.18° 

Range Resolution 1 in 

Table 2. Principal characteristics of the FLS 

 BlueView P900-130 during the experiment [7] 

 

 

Figure 2. (a) Area of the experiment.  (b) 

Trajectory realized during the experiment (in brown), 

overprinted on the bathymetric map. 

(a) 

(b) 
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3. TRACKING OF THE FISH REFLECTOR  

IN THE FLS IMAGE 

3.1 Description of the algorithm 

The first task which should be processed is the tracking 

of the target corresponding to the SSS in the FLS image. 

Figure 3 shows an example of the SSS signature in the 

FLS image. The different positions of the SSS in the FLS 

image will vary according to the time, so an iterative 

image processing module is realized to obtain the 

different positions of the SSS in the FLS image. This 

module is working as follow: 

 For the first iteration, an approximate position of the 

target in the FLS image is given. This position is 

automatically refined by finding the maximal 

luminance in the neighboring of ± 5 pixels 

 For the next iterations, positions are researched in 

the neighboring of the previous position in the FLS 

image.  

o To find possible targets corresponding to the 

SSS, a subimage is extracted from the FLS 

image around the previous position (± 5 pixels).  

o Then, areas corresponding to possible targets 

are extracted by thresholding: the threshold is 

automatically computed as , 

where   is the average value of the sub-

image.  

o Little areas (<10 pixels²) are removed.  

o Finally, position is given as the coordinate of 

the centroid of the area closest from the position 

of the previous iteration. 

Figure 4 shows a schematic of the tracking process and 

Table 3 reminds the principal parameters of the tracking 

process in FLS images. 

 

 

Figure 3. Example of image showing the SSS signature 

in the FLS data (surrounded by white) 

 

 

Figure 4. Schematic of the tracking process. 

 

 

Size of the sub-image 

5 x 5 pixels around the 

previous position of the 

target 

Threshold used for the 

segmentation of the 

sub-image 

as , where 

 is the average value 

of the sub-image 

Minimal size of the 

segmented areas 
10 pixels² 

Table 3. Principal parameters of the tracking process.  

3.2 Tracking results analysis 

An example of tracking result is presented in Figure 5. 

The cable length is quite the same during all the survey, 

so, the principal displacement is across-track, with a 

maximal amplitude of about 5 meters. The interest of 

using such a device to obtain the real position of the SSS 

is then obvious: indeed, with an absence of a tracking 

system, a simple layback should be added to obtain an 

estimation of the SSS position, which can produce an 

error of about 5 meters, at least across-track. 
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Figure 5. Tracked SSS positions in the FLS image. 

Positions are here presented in the FLS baseline (positive 

across-track values at starboard and negative along-track 

values behind the FLS). Colors are representing time 

passing (blue for the first pings to red for the last pings) 

4. PROJECTION OF THE SONAR IMAGE  

IN A GIS: THE DIFFERENT STEPS 

Once the tracking process of the SSS in FLS images is 

realized, SSS mosaic can be computed. The different 

steps are: 

 Projection of SSS towfish positions in a GIS for 

each ping in UTM system 

 Affectation of a geographical position for each 

point of SSS image 

 Transformation of UTM coordinates to 

latitude/longitude coordinates (optional) 

 Interpolation in a regular grid. 

4.1 Projection of SSS towfish positions in a GIS 

So, the first step is the projection of SSS towfish 

positions in a GIS, as explained in equations (1) and (2).  

      (1) 

 (2) 

 

With: 

  positions coordinates of the 

SSS in the boat reference system. If the FLS and 

the GNSS are located at the same point, 

coordinates are the same as explained at the 

previous paragraph ( in meters), if it is not the 

case, a transformation should be made to take 

into account FLS position relative to the GNSS. 

In this experiment, the FLS was not at the same 

place than the GNSS but was insonifying in a 

direction parallel to the boat reference, so, a 

simple translation of (–1.145 m, 1.2565 m) is 

necessary to obtain coordinates. 

  geographical coordinates of the 

vessel (given by the RTK GNSS, in UTM 

system)  

 and , the heading being 

estimated from GNSS data (so, it is the heading 

of the ship and not strictly the heading of the 

towfish, but, in absence of measures of the 

towfish heading, these values will be considered 

as a good approximation of the heading for the 

towfish). 

An example of the estimate towfish trajectory can be 

shown on Figure 6, which also shows the ship trajectory 

and an estimation of the range of the sonar for each ping. 

 

Figure 6. Example of SSS trajectory (in red) comparing 

to the ship trajectory (in green). Cyan lines represent SSS 

range at each ping (lines are not parallel due to the 

heading) 

4.2 Coordinates of each point of a ping in towfish 

baseline  

The next stage is the affectation of coordinates for each 

point of a ping in the towfish baseline. To do that, each 

point of a ping is associated with coordinates, referenced 

to the center of the towfish. A prior task is to remove the 

water column, so the across-track distance should be 

modified to take into account the effect of the projection 

of the acoustic beam on the seabed. The horizontal 

distance is then equation (3): 

    (3) 

where h is the height of the water column and d the slant 

range (only valid for d > h). 

The vector  takes  the different values of  for 

the positive values and  for the negative values 

(equation (4)). 

     (4) 

As for values of , they are null because the 

reference is the towfish (equation (5)): 

 for all pings   (5) 
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4.3 Affectation of a geographical position for each 

point of SSS image 

The next stage is the projection of each point of the SSS 

waterfall image in the GIS. Then, each point of the SSS 

image is projected in the GIS (equations (6) and (7)): 

 (6) 

  (7) 

4.4 Interpolation in a regular grid  

At this stage, each point of the SSS waterfall image is 

associated to a geographical coordinate. The last step is 

the transformation of each coordinate from UTM to 

latitude, longitude values and a projection in a regular 

grid via an interpolation on a regular grid. Finally, mosaic 

image of SSS data is obtained. An example of SSS 

mosaic is shown on Figure 7. 

 

Figure 7. Example of SSS mosaic 

 

5. COMPARISON WITH A DTM 

5.1 DTM of the area  

The DTM of the area can be used as the ground truth. In 

particular, positions of objects present on the SSS mosaic 

will be compared with positions of the same objects in 

the DTM. As it can be shown on the Figure 8, it is not 

easy to see little objects on the DTM, because of the large 

range of depths (~20 m) comparing to the height of the 

possible objects (<1 meter). So, to easily locate little 

objects, an image of local standard deviation of the 

bathymetry is generated, as shown on Figure 9. 

Objects positions extracted from SSS mosaics should 

now be compared with  objects positions extracted from 

the DTM. Each time, two cases will be tested: 

 Use of the FLS tracking (work presented in the 

previous paragraphs) 

 Use of a simple layback: instead of having  the 

real position of the SSS relative to the vessel, a 

simple layback should be added to the ship 

position.  

 

 

Figure 8. DTM of the area  

 

5.2 Positions comparisons for SSS mosaics using the 

FLS position tracking  

Several SSS images are used in this comparison, all 

approximately oriented north to south. For each mosaic, 

positions of several objects are extracted and compared to 

positions coming from the DTM. An example of 

positions of a same object coming from all mosaics is 

shown on Figure 10. In this example, positions are 

plotted on the DTM standard deviation map.  

Distances between the different objects in the different 

mosaics and their corresponding objects in the DTM are 

presented on Table 4 (in meters). It shows of about one 

meter between SSS mosaics and the DTM, knowing that 

most of these objects have a size over one meter. So, 

positioning precision seems to be quite accurate. 

However, position errors seem to be systematically more 

on the east, except for few contacts. On the other side, 

contacts are sometimes more on the north, sometimes 

more on the south. At this stage, it is not possible to give 

a correct explanation for this, especially the offset to east: 

in fact, objects was sometimes at portside, sometimes at 

starboard, sometimes near the SSS, sometimes farther and 

the surveys are sometimes from north to south or from 

south to north. Maybe the fact that the considered 
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heading is the boat heading  and not the real SSS towfish 

heading can explain a part of this imprecision. 

 

 

Figure 9. local standard deviation of the DTM: little 

objects can be easily detected.  

 

Figure 10. Positions of a same object in the different 

SSS mosaics, plotted on the DTM standard deviation 

map. The considered object is the red disk on the left. 

 

5.3 Positions comparisons for SSS mosaics using the 

FLS position tracking vs. using a simple layback 

Instead of using a FLS tracking to obtain the SSS 

position, a simple layback should be added to the ship 

position: in this case, the towfish is considered just 

behind the ship, with a distance function of the cable 

length. A comparison should be then realized between 

object positions obtained with a FLS tracking and with a 

layback of 10 m, which is corresponding to the cable 

length. The Figure 11 shows the positions of the same 

object in the SSS mosaics, plotted in the DTM. As for the 

previous case, distances between mosaics objects 

positions and DTM objects positions are estimated 

(Table 5).  

 

 Mosaic 

number  
x (m) y  (m) d  (m) 

Elongated object SSS2 2.57 -1.05 2.78 

 SSS3 -0.95 0.57 1.11 

Anchor block SSS3 -0.12 1.67 1.67 

 SSS4 -0.12 1.23 1.23 

Pockmark  SSS3 0.38 0.55 0.67 

Double pockmark SSS1 1.69 -0.48 1.76 

 SSS2 0.54 -2.79 2.84 

 SSS3 0.26 1.89 1.9 

 SSS4 1.48 -0.14 1.49 

Table 4. Positions differences between the different 

objects and the different SSS mosaics obtained with FLS 

tracking and DTM (from UTM coordinates, in meters). 

 

 

Figure 11. Positions of a same object in the SSS 

mosaics, plotted on the DTM standard deviation map. 

The considered object is the red circle on the left. White 

marks, use of FLS tracking, green marks, use of a 

layback of 10 m. 

As it can be seen, most of objects positions obtained with 

FLS tracking are closer to the DTM than the same objects 

positions obtained with a simple layback. For the 

layback, positions seem to be rather randomly distributed, 

due to the fact that the SSS was sometimes more on the 

left of the boat, or sometimes more on the right, but 

considered just behind. The average and standard 

deviation distances to the objects, all over the contacts are 
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shown on Table 6. As it can be seen, results are better for 

the FLS tracking than the layback. 

However, these statistics are realized only on few 

contacts and few mosaics. To see the advantage of using 

the FLS tracking, it should be interesting to obtain an 

estimation of position difference using a high number of 

objects. Unfortunately, it is not possible in this 

experiment. Another surveys should be realized to obtain 

statistics of position differences. 

 

 Mosaic 

number  
x (m) y  (m) d  (m) 

Elongated object SSS2 0.14 -0.56 0.58 

 SSS3 -3.14 -1.38 3.43 

Anchor block SSS3 -2.31 -0.51 2.36 

 SSS4 3.47 3.27 4.77 

Pockmark  SSS3 -2.24 -0.73 2.35 

Double pockmark SSS1 2.3 0.18 2.31 

 SSS2 -0.58 -3.21 3.27 

 SSS3 -1.41 -0.2 1.42 

 SSS4 3.6 2.27 4.25 

Table 5. Positions differences between the different 

objects and the different SSS mosaics obtained with a 

layback of 10 m and DTM (from UTM coordinates, in 

meters). 

 

 FLS tracking Layback  

Average distance  

from DTM (m) 

1.71 2.74 

Standard deviation 

distance from DTM (m) 

0.72 1.32 

Table 6. Average and standard deviation positions 

differences between the different objects and the different 

SSS mosaics obtained with the FLS tracking or a layback 

of 10 m and DTM (from UTM coordinates, in meters). 

6. CONCLUSION AND PERSPECTIVES 

The principal objective of the work presented here was to 

estimate the feasibility of using a FLS to track towfish 

positions during a survey. Usually, to take into account 

the towfish position, a simple layback is added but it can 

generate positioning errors, due to a drift of the towfish or 

a cable not sufficiently tensioned. A more sophisticated 

process consists in using a USBL system to have the real 

position of the SSS with respect to the ship.  

Unfortunately, this device is not always available or 

suitable (case of a magnetometer for example, where 

measures can be perturbed by the acoustic transponder). 

So, a solution should be the use of a FLS to track towfish 

positions.  

The application proposed here was intentionally SSS 

mosaic, because of the possible comparison with a DTM. 

So, the rest of the work was consisting in realizing a 

georeferenced SSS image mosaic, considering in 

particular the real position of the SSS towfish with 

respect to the ship.  

In a first part, the description of the experiment was 

realized, especially to show how the FLS was placed to 

track the SSS. The navigation data was also shown on a 

bathymetric map of the area. 

A second part was devoted to a description of the 

tracking algorithm. Actually, this algorithm is quite 

simple, and consisting in a target detection by segmenting 

FLS image with a threshold in the neighborhood of the 

SSS localization at the previous ping.  

The third part is the projection of SSS positions in a GIS. 

This projection uses SSS localizations in the FLS 

baseline previously estimated and ship positioning, 

provided by a RTK GNSS. At this stage, SSS mosaics are 

obtained and can be projected in a GIS. 

The last part of this work is a comparison of objects 

localization both on SSS mosaics and on DTM. Actually, 

four surveys of the same area are compared, with only 

few objects available, showing a distance of less than one 

meter between SSS positions and DTM positions. 

Finally, it shows that using FLS tracking seems to give 

best results than using a simple layback, even if this last 

affirmation should be confirmed by other objects 

positions.  

Several improvements can be proposed. Firstly, the 

tracking algorithm is very simple and should be made 

more reliable. The help of algorithms such optical flows 

should help to obtain it. Also, the use of Kalman filters 

should be a good choice to improve tracking results. 

A second amelioration should be to have a precise 

estimation of the SSS heading. Indeed, actually, in the 

absence of the real values of SSS towfish heading, the 

ship heading is used. But there is no evaluation of the 

error made. So, it should be necessary to obtain an 

estimate of this mistake, or, better, a forecast of the real 

SSS towfish heading.  

To obtain precise values of the georeferencing accuracy, 

an effort should also be made to compare SSS mosaics 

results to the ground truth. Two ways can be used. The 

first one is to compare positions of many objects both in 

SSS mosaics and in DTM as made in this work for the 

four objects. Having a sufficiently number of objects 

should allow to obtain statistical values of the accuracy of 

the process. A second way should to have in a same 

survey a FLS tracking and an USBL positioning. Indeed, 

the accuracy of such a system is known, and would be 

compared to the proposed process. 

Finally, this system should be extended to another 

towfish, for example magnetometers, to obtain precise 

map of magnetic anomalies, or ROV, for example to 

obtain georeferenced photography. 
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7. ACRONYMS 

DTM: Digital Terrain Models  

FLS: Forward Looking Sonar  

GIS: Geographical Information System 

GNSS: Global Navigation Satellite Systems 

LBL: Long Baseline 

ROV: Remotely Operated Vehicle 

RTK: GNSS: Real Time Kinematic GNSS 

SSS: Sidescan Sonar  

USBL: Ultra-Short Baseline 

UTC: Coordinated Universal Time 

UTM: Universal Transverse Mercator 
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