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Engineering, Universit é Catholique de Louvain, Louvain-la-Neuve, Belgium 

Email: masoumeh.ebrahimi@uclouvain.be 

PILAR GARCÍA-NAVARRO, Professor, Fluid Mechanics-I3A, University of Zaragoza, 

Spain  

Email: pigar@unizar.es 

SANDRA SOARES-FRAZÃO (IAHR Member), Professor, Institute of Mechanics, 

Materials and Civil Engineering, Universit é Catholique de Louvain, Louvain-la-Neuve, 
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Laser Profilometry to measure the bed evolution in a dam-break 

flow 

ABSTRACT 

A Laser Profilometry Technique was upgraded to detect underwater bed level evolution with a laser 

and a single camera for highly transient laboratory experiments. While being very simple, the proposed 

procedure achieves a similar performance as that met by more complex and expensive methods. This 

technique was applied to a dam-break test case over a mobile bed in a channel with a 90° bend, for 

which water and bed levels were both continuously recorded at five different places. Photogrammetry 

was then used to reconstruct the final topography, whose main features could be explained thanks to the 

analysis of only a few linear bed profiles appropriately chosen. This cheap, simple, flexible and yet 

accurate method thus proves to be an interesting alternative to more complex methods for 

morphodynamics investigations in the case of fast transient flows. 

Keywords: Dam-break, laboratory studies, laser profilometry, morphodynamics, 

photogrammetry, sediment transport, transient flow. 

1. Introduction 

Bed dynamics detection under highly unsteady free-surface flows is one of the most 

challenging problems for experimental hydraulic researchers. Most of the time, two-

dimensional (2D) unsteady surface flows are characterised by fast water surface and velocity 

evolutions, which produce rapid changes in the underlying erodible bed. Furthermore, these 

important variations in the bed elevation affect the flow dynamics as well. Because of the 

complex interaction between the flow and the bed dynamics, measuring the temporal 

evolution of the movable bed layer definitely requires to use non-intrusive optical techniques 

(Bouratsis et al., 2013). Nevertheless, optical access to the evolving bed is difficult to achieve, 

as well through the sidewalls of the channel if the bed evolution is two-dimensional, as 

through the fast-changing water surface. In particular, the optical distortion and aberrations 

created by the presence of a curved and turbulent air-water interface complicate the 

implementation of such techniques. However, this kind of 2D bed evolution data is necessary 

to calibrate and validate numerical models aimed at infrastructures design, restoration projects 

and hazard evaluation. 

Despite the challenge, some experimental non-intrusive techniques have been 

reported in the last twenty years to detect the dynamics of the erodible bed at a laboratory 

scale. 



 

A first family of techniques implies stopping the experiment when the measurements 

are to be taken, then draining the model and capturing the exposed bed regions (Aberle & 

Nikora, 2006; Butler et al., 1998; Carbonneau et al., 2003; Cooper & Tait, 2009; Dietrich et 

al., 1989; Goring et al., 1999). The bed topography and structure are then measured using 

different possible techniques (Bertin & Friedrich, 2014; Bunte & Abt, 2001). This 

methodology however requires that the morphological evolution is really stopped when the 

flow is interrupted. In addition, the combination of different experimental measurements at 

different times is not straightforward. 

In the second family of techniques, the measurements of the bed evolution are taken 

during the flow, without stopping it. Among the different techniques available, 

photogrammetry emerges as the most widely developed one. Butler et al. (2002) first 

validated a stereo photographic system able to record the submerged bed dynamics in a 

laboratory flume, but the water-free surface had to be flattened by a transparent Perspex sheet 

for optical access to the bed. Henning et al. (2008) then used a 3D-photogrammetric 

laboratory setup to reconstruct the surface of both dry and submerged uniformly graded beds. 

They reported an accuracy close to 1 mm in the case of subcritical flow regimes and 

negligible disturbances of the water surface. Both studies only focused on steady water and 

bed situations, though. On the contrary, Bouratsis et al. (2013) applied a high-resolution 

photogrammetric technique to obtain measurements of a gravel bed bridge scour in a clear 

water flow. They used two partially submerged commercial cameras to record the evolution 

of the bed around the pier, and a set of computer vision and image processing algorithms to 

analyse the videos and reconstruct the instantaneous 3D surface of the bed. The required setup 

for this technique was relatively simple but intrusive. Frank and Hager (2014) applied 3D-

photogrametry to measure the dike breaching process in a laboratory flume using four 

cameras and a grid projector. Even though these two last studies considered unsteady flows, 

their applicability to fast transient flows such as dam-break flows is uncertain, as it requires a 

sufficiently smooth free-surface. For example, the grid projected onto the dike by Frank and 

Hager (2014) could not be properly identified at the beginning of the breaching flow that they 

reproduced, because of a too irregular water free-surface. Smith et al. (2012), on the other 

hand, used a through-water Terrestrial Laser Scanning system in a field investigation to 

measure the bed elevation of a gravel-bed river. Using a 0.20 m deep clear water body in the 

laboratory, they validated this technique and reached a 5 mm accuracy. Although both 

techniques showed good promises to monitor morphodynamics, they have not been evaluated 

yet in the case of highly transient flows, as they need a steady quasi-flat free surface and the 

exact determination of its location (Friedl et al., 2017). Moreover, they usually require 

complicated setups and post-processing algorithms, or unaffordable commercial devices. 



 

Mainly to overcome the high costs associated with the methods described hereabove, 

a novel approach based on modern low-range RGB image and Depth (RGB-D) sensors was 

developed. Initially designed for gaming platforms, these sensors are able to measure the 

distance to three-dimensional opaque surfaces with a high spatial resolution and at remarkable 

acquisition rates (30 Hz). RGB-D sensors combine both an infrared projector and camera, for 

distance measuring, and a digital RGB camera. In laboratory conditions, these devices have 

been successfully applied to the monitoring of the temporal evolution of the free water surface 

in case of highly unsteady flows (Martínez-Aranda et al., 2018) or to the collection of the 

final topography consecutive to an unsteady flow, once the flume had been completely 

drained (Martínez-Aranda et al., 2019). As a proof of concept, Chourasiya et al. (2017) used 

an RGB-D sensor to perform 3D measurements of the bed evolution under a quasi-flat surface 

flow. They proposed a refraction correction method for underwater measurements using a 

Kinect-v2 (an RGB-D sensor initially developed by Microsoft for the Xbox One game 

console), which is based on the time-of-fly principle, and validated this technique for a dike-

breach experiment, which is a short duration process with quick changes in the bed profile. 

Even though RGB-D sensors are affordable, non-intrusive and need a minimal experimental 

setup, the 2D distance data computation is made at the hardware level, hence not available for 

researchers. Moreover, they also require quasi-flat water surfaces for measurements through 

the water surface. Besides, the spatial resolution of the infrared sensor is 640 x 480 pixels, 

limiting the application of this technique to large scale flume experiments. Despite the current 

limitations of this optical technique, it might offer the most promising alternative to capture 

high-resolution 2D data of transient submerged bed surfaces in the next 5-10 years. 

As a proof of concept, Le Grelle et al. (2004) and Soares-Frazão et al. (2007) 

proposed an alternative Laser Profilometry Technique (LPT) to obtain the elevation of a 

submerged bed profile in a trapezoidal channel. This technique requires a simple experimental 

setup and different calibrations for the sub- and emerged situations, but does not apply to any 

camera positioning. Spinewine et al. (2004) also used LPT combined with a sweeping mirror 

to reconstruct in 3D the evolution of a breach growth in a sandy dike due to overtopping. No 

refraction correction was considered here, though. Rifai et al. (2020) improved the accuracy 

of that sweeping mirror LPT with a procedure coping with underwater measurements through 

a Direct Linear Transformation, based on sixteen calibration parameters and more than twenty 

control points appropriately chosen. 

All the investigations and techniques discussed above highlight the need for non-

intrusive, easily applicable and accurate measuring methods to detect the dynamics of 

submerged beds in laboratory experiments. In the literature, few sets of experimental data 

concern fast unsteady flows in 2D, which hinders the development of models associated with 



 

such flows. Hereunder, the LPT developed by Soares-Frazão et al. (2007) is improved to 

obtain non-intrusive time-resolved measurements of the submerged bed evolution caused by a 

dam-break flow in a channel with a 90° bend. The calibration of the technique and imaging 

processing needs the careful correction of the refraction caused by the air-water interface, but 

the process is straightforward if the relative position of the camera with respect to the laser 

sheet is maintained, and the experimental setup required is minimum. Eventually, the 

proposed method combines cheapness, simplicity, flexibility and delivers sufficiently accurate 

results to prove itself efficient. Furthermore, in order to validate the LPT measurements, a 3D-

photogrammetric model of the drained bed surface has been performed at the end of the 

experiment. The obtained data have been made available for the scientific community in order 

to improve the calibration and validation of 2D morphological numerical models. 

This paper is structured as follows: in Section 2, the laboratory flume, experiment and 

instrumentation are presented. Section 3 is devoted to describing the LPT data collection 

procedure, including the calibration and imaging processing, as well as the validation of the 

method. The experimental results have been reported in Section 4, where they are analysed 

and discussed. Finally, the conclusions are drawn in Section 5. 

2. Experimental setup 

The experiments were performed at the Hydraulics Unit of the LEMSC (Mechanical and Civil 

Engineering Laboratory, UCLouvain, Belgium). First, a description of the channel and the 

experimental conditions is made (Section 2.1). The instrumentation used to collect data is then 

described (Section 2.2). 



 

2.1. Channel and experiment description 

 

Figure 1: Channel dimensions: (a) plane view, (b) cut along the longitudinal axis of the first 

part of the channel. 

Figure 1 1illustrates the dimensions of the channel, whose walls are made of transparent glass. 

An aluminium gate separates the reservoir from the channel. After 3.92 m straight, the 

channel suddenly turns perpendicularly. Between these two parts, the shaded square of Fig. 1a 

will be hereafter referred to as the bend. 

A single configuration was reproduced during the whole data collection campaign. 

Before the gate opening, the water level rose 26 cm above the channel non-erodible bed 

(reference level), which was horizontal and was itself covered by a 7.5 cm high sandy layer. 

As explained in more detail by the preliminary study of Soares-Frazão et al. (2019), the dam-

break leads to a supercritical flow until it reaches the wall opposite the gate. The flow energy 

then turns from kinetic to potential, which causes sediment deposition near that wall. 

Afterwards, the reflected water separates into a hydraulic jump going upstream and a 

turbulent flow heading downstream, which will progressively erode the downstream bed, and 

whose surface will become plain. 

The sand used for the experiments can be considered as uniform and characterised by 

a median diameter d50 = 1.7 mm, a porosity ϵ0 = 0.44 and a specific density ρs/ρw = 2.65, 

where ρs and ρw respectively stand for grain and water densities. 

Between two experiments, a minimum waiting period of two hours was observed for 

the water to flow out of the channel completely. The bed material was then mixed to avoid 



 

bed compaction, especially in the first part of the channel where the shear depth was limited, 

and levelled manually. The reservoir was filled through a pipe at a decreasing discharge for 

the water to be as still as possible before gate opening. 

2.2. Instrumentation 

Two techniques were used to collect bed level data. The first one, LPT, on which this article 

focuses, combines a laser and a camera and makes it possible to monitor the bed level 

evolution during the experiment (Fig. 2). Photogrammetry was then used to map the 

equilibrium topography of the entire channel and for comparison purposes with LPT. Besides, 

water levels were recorded at five different positions thanks to ultrasonic gauges throughout 

the entire experiment. 

 

 

Figure 2: Top view (a) and side view (b) of the experimental setup. 

The laser used for LPT was an LD-series laser from Latronix Laser Systems with a 

45° opening angle. It was maintained 81 cm above reference level and projected a laser sheet 

either perpendicular or parallel to the flume. A monochrome Mako 131G camera from Allied 

Visions, powered through Ethernet, was located outside the flume. Its position was optimised 

by trial-and-error to remain below the water surface to avoid problems linked to its 



 

inclination, while also making sure that a significant portion of the laser kept visible during 

most of the experiment. Accordingly, each new relative position of the camera to the laser led 

to a new calibration as explained in Section 3.1. Nonetheless, for a fixed setup, as a trolley 

sliding on rails was used to move the whole apparatus, no re-calibration was needed from one 

sheet to another because the whole setup was translated. Besides, the location and orientation 

of the camera do not need to be known and neither do its intrinsic parameters nor the water 

surface elevation. Even though the coordinates of the laser profiles should be retrieved to 

relate the x to the z coordinates, they do not intervene in the calibration, nor in the post-

treatment procedure. 

At the end of the experiment, the drained bed topography was captured using a 

photogrammetry technique. Photogrammetry pictures were taken with a GoPro Hero 7 Silver 

from 6 different positions on the trolley, which was gradually and slowly slid to ensure 

sufficient coverage between two successive pictures. A Digital Elevation Model (DEM) was 

then processed thanks to Agisoft Metashape (Fig. 3). Its accuracy was estimated along 6 

different cross-sections for which pointwise manual measurements were taken in an intrusive 

way with a 4 cm spacing between two points to avoid any influence of previous 

measurements (Fig. 4). The Root Mean Square Error (RMSE) between photogrammetry and 

the manual measurements was estimated to be 1.802 mm and 8.304 mm for the first part of 

the channel and the second one respectively (Fig. 5). The larger RMSE of the second part of 

the channel can mainly be explained by a higher manual measuring uncertainty due to the 

steeper local slopes. Besides, three DEMs based on three different tests were made. It 

appeared that the RMSE, with the error being the averaged absolute deviation of the DEM to 

the DEMs’ mean, was equal to 3.8 mm, giving a first appreciation of the reproducibility of the 

experiment. Figure 6 represents the spatial variation of that error and emphasises the stronger 

variability of the results in the bend area and over the first fifty centimetres of part 2 where 

the RMSE reaches 4.7 mm. 



 

 

Figure 3: Final topography obtained for the third photogrammetry test case. 

 

Figure 4: Positions and dimensions of the manual measurement cross sections. 

 



 

 

Figure 5: DEMs’ deviation to the manual measurements for (a) part 1 and (b) part 2. 

 

Figure 6: Averaged absolute error with respect to the DEMs’ mean. 

At last, water levels were collected continuously thanks to ultrasonic Baumer distance 

sensors (Fig. 7). Between thirty-one and thirty-four tests gave valid data for all gauges, except 

for gauge G4 which only admits twenty valid data sets. It was indeed impossible to set the 

sensor at the same place as the trolley. Once the outliers were removed, the bandwidth of the 

aggregated data sets associated to the different sensors varied from 9,54 mm to 22,12 mm, 

which gives a second estimation of the experiment repeatability. These results are attached to 

this paper as supplemental material. 

 

Figure 7: Positions of the water level sensors. 



 

3. LPT data collection procedure 

This section aims at describing the whole procedure to retrieve data with LPT. This procedure 

can be split into two steps: a calibration stage associated with each positioning of the camera 

with respect to the laser (Section 3.1) and a processing one for each experimental run (Section 

3.2). 

3.1. Calibration 

The calibration procedure we propose here itself consists of two steps: (1) determination of 

the pictures’ dimensions and (2) elaboration of a refraction correction linear law. Finding the 

best camera position by performing roughly two or three tests and going through the whole 

calibration procedure would generally last a full day. 

Step 1 is performed thanks to a checkerboard with known dimensions that is placed 

upon the laser position, usually on the non-erodible bed. Positioning the checkerboard on the 

erodible material is possible, but requires careful levelling and an appropriate shift of the 

results. Using the Matlab Image Processing Toolbox (MIPT) to define a working area for 

future real tests, we can crop the original picture and orthorectify it (Fig. 8). Afterwards, we 

need to find the appropriate scaling factor that will properly convert pixels into millimetres. 

 

Figure 8: (a) Cropping the original picture of the calibration checkerboard, (b) 

orthorectification of the cropped image. 

 

Once we made sure the dimensions measured thanks to the MIPT correspond to 

reality, we can reproduce step 1, but with a submerged checkerboard. Although refraction at 

the glass-air interface can be neglected due to the very limited thickness of the walls, it is 

highly likely that the widths of the underwater squares will not remain constant over the entire 

width of the orthorectified picture because of refraction at the water-glass interface. To fix 

this, we propose to simply derive a linear relation between the results obtained with the MIPT 

and the expected values, for the refractive index of water can be considered constant, 

whatever the direction of the light ray. To do so, we manually picked an arbitrary number of 

points for which we knew the local coordinates (Fig. 9a) and we compared them with reality 

(Fig. 9b). Reversing the linear equation obtained thanks to a least squares regression, we 



 

obtained a corrected series that matched almost perfectly with reality. It is also worth 

mentioning that modifying the elevation values is not necessary since no distortion is 

observed in this direction. Figure 10 shows the position of the different laser sheets for which 

a different calibration was made. These sheets are labelled from L1 to L5. The sheet L5, as 

depicted by Fig. 10, actually consists of the combination of several laser sheets retrieved from 

different tests, the trolley having been translated between two tests. Hereunder, referring to L5 

actually concerns one sheet only, i.e. one portion of the total length of L5, if not specified 

otherwise. 

  

Figure 9: Calibration step 2: (a) points manual picking at the corners of submerged squares. 

The water surface (darkest area) separates the sub- and emerged parts of the checkerboard. (b) 

Determination of a linear relation between measured and real x coordinates. R2 is the 

correlation factor. 

 

Figure 10: Location of the different examined laser sheets. 

3.2. Image processing 

Thanks to the linear correction law defined for each laser sheet setup, it becomes possible to 

treat the lasers evolving underwater. For those that stay emerged, no correction is to perform 

on the other hand. For a faster post-treatment of the pictures, it is advised to cover the trolley 

with dark sheets to better isolate the laser. An algorithm detecting the laser traces 

automatically, whether they are sub- or emerged, is another asset, but manual detection of the 



 

laser points with the MIPT is still an alternative if the number of images to be treated is low 

enough. 

For all the investigated laser sheets, pictures were captured at 4 Frames Per Second 

(FPS) for approximately 23 s. This relatively slow acquisition rate was meant to prevent the 

buffer of the software from crashing. Better material could improve this frequency, though. 

Besides, since the camera could not always see the gate, a LED bulb linked to the gate and 

switched off when made opened was always set in the camera’s field of view. In this way, the 

last picture with the LED turned on would correspond to the last one with a closed gate. 

Hence, we estimate time uncertainty for the pictures to reach 0.25 s at most, which is 

acceptable for the purposes of the experiment and considering its duration. 

The accuracy of the refraction correction was evaluated for laser sheets L1 to L5. 

Each time, the final dry topography was compared with the last picture for which we had an 

immersed insight. This last picture was taken at the end of the experiment, when no more 

morphological evolution of the bed could be observed by the human eye, but when the laser 

was still underwater though. It was thus assumed that this measured bed topography was the 

same as the drained topography measured by LPT without water. The RMSE between the 

final topography and the underwater laser profile varied from 1.25 mm to 7.28 mm, i.e. from 

2.25 % to 21.14 % relatively to the final topography. The absolute RMSE always remained 

below 4.3 times the grain diameter, which is satisfactory. The large maximum relative RMSE 

corresponds to L4, located in the bend close to the wall, and is due to the low bed level over 

the entire sheet at the end of the experiment (of the order of 3 cm). Neither the camera angle 

nor its distance from the laser sheet looks to influence much the correction performance. Yet, 

great care should be dedicated to the determination of the different offsets between the sub- 

and emerged calibrations as well as to the scaling factor. A slight inaccuracy could indeed 

lead to strong differences between the sub- and emerged cases, especially if the considered 

point is far from the camera. 

4. Data analysis 

In this section, the reproducibility of the tests (Section 4.1), as well as the LPT accuracy, are 

assessed (Section 4.2). Finally, the underwater bed level evolution is discussed (Section 4.3). 

4.1. Repeatability 

Besides the global reproducibility assessment made thanks to photogrammetry results and 

mentioned hereabove, we compared the drained outcomes of several tests with each other for 

laser sheets L1 and L5 (Fig. 11). L1 and L5 envelopes were respectively made of seven and 



 

fourteen different tests. In accordance with photogrammetry RMSE results, Fig. 11 shows that 

sections located close to the bend were more prone to change than sections in the first part of 

the channel. Even though mean bandwidth and photogrammetry RMSE were not calculated 

similarly, the variability indication given by LPT bandwidth is in line with photogrammetric 

results. Anyway, if one would perform numerical simulations and compare their results with 

the available data, a global deviation of the order of roughly 10 mm, with some strong local 

deviations as well, would be expected. 

 

 

Figure 11: (a) L1 envelope, (b) L5 envelope. The moving median displayed for both figures 

was calculated with 300 points. 

4.2. LPT accuracy 

Thanks to its good precision, especially in the first part of the channel as emphasised by Fig. 

5a, photogrammetry results can be used as an accurate estimation of the real bed level and can 

then be used for comparison purposes with LPT. For one experiment, data were recorded both 

with photogrammetry and LPT along the L5 laser sheet (Fig. 12a). Accordingly, the two 

profiles should ideally coincide. However, a noticeable spatial lag between both profiles 

highlights the need to measure carefully the position of the checkerboard during the 

calibration stage and to make sure it does not move with an appropriate stabilising system 

attached to it, for it can lead to a substantial error. Besides, the laser profile is somewhat lower 

than that of photogrammetry. Since the DEM can be considered as centred regarding the 



 

manual measurements (Fig. 5a), the RMSE between photogrammetry and LPT is a good 

estimation of LPT accuracy, which is actually of the same order as that obtained by Frank and 

Hager (2014) and Rifai et al. (2020) for steeper slopes and hence more demanding conditions, 

but with a more complex and expensive method. Nevertheless, LPT accuracy is highly 

dependent on the calibration and consequently, this RMSE value only concerns this laser 

sheet. In particular, it is not expected that an upwards vertical shift should always be 

performed to align LPT results with reality. For instance, Fig. 12b displays photogrammetry 

and LPT results collected for two different tests along L1. Considering the inherent variability 

of the experiment (see Fig. 11a), a difference between both profiles is expected, but no 

vertical shift looks to be required. In this case, the RMSE obtained for L5 (Fig. 12a) certainly 

underestimates the LPT accuracy. However, this RMSE value gives a conservative estimation 

of the LPT accuracy that can be expected more generally. In particular, it could be added to 

the error obtained in comparisons with numerical results. 

 

 

Figure 12: Comparison between photogrammetry and LPT at (a) L5 and (b) L1 cross-sections. 

For (a), the two techniques were used after the same test. For (b), two different tests were 

considered. 

4.3. Bed evolution 

The most appealing feature of LPT is its ability to detect underwater bed level and hence, 



 

follow its evolution when subject to a transient flow. For the considered test case, the 

monitoring of laser sheets L1 and L5 helped understand the most striking features of the final 

topography (Fig. 13). 

 

 

Figure 13: Bed evolution along laser sheets (a) L1 and (b) L5. Times refer to gate opening. 

From Fig. 13a, different behaviours can be observed on both sides of part 2 

longitudinal axis. On the left side, the sediment deposed very rapidly and the bed slope did 

not change much after 6 s. Yet, sediment continued accumulating for 9 s because of three-

dimensional vortices at the toe of the deposit, right after the inner corner (Fig. 14). Besides 

vortices, the sudden deposition of sediment near the left wall at the very beginning might also 

be due to the sediment carried from part 1 and losing its inertia after reflecting against the 

wall opposite the gate, even if some had already deposed in front of that wall. Nevertheless, 

asserting this is difficult since the turbulence of the flow limits visibility before t = 6 s. On the 

right side though, scouring went very progressive as the cross-section reduced and secondary 

currents helped excavate some sediment near the outer bank of the flume. All these processes 

actually bring an answer to the poor performance of the models used by Meurice and Soares-

Frazão (2020) to reproduce this test case numerically. 



 

 

Figure 14: Shot taken after 14 s opposite the inner corner of the bend. Blue arrows indicate 

the water movement, while red arrows stand for the strongest sediment transport patterns. At 

the front, the bed gets increasingly eroded as the cross-section reduces. At the back, 3D 

vortices erode the bed near the inner corner and depose sediment a few centimetres higher and 

further downstream. 

When it comes to Fig. 13b, bedforms look to have appeared and reached their full 

amplitude very soon after the front wave passage. As time progressed, they moved 

downstream, but with a decreasing pace, until they stabilised, partly due to a hydraulic jump 

coming from downstream and slowing down the flow. 

The evolution of the bed elevation from other laser sheets is available as 

supplementary material and confirms the peculiar aspects of the topography evolution 

presented here. LPT actually proves sufficient for a qualitative analysis of the topographic 

history, while providing accurate results at the same time. 

5. Conclusion 

An upgraded version of LPT as developed by Soares-Frazão et al. (2007) was proposed to 

cope with refraction when monitoring underwater bed level evolution along a linear profile in 

laboratory models. The system only consists of a laser and a single camera and can be 

translated on rails without requiring a new calibration. The calibration method itself is very 

basic but delivers results as accurate as more complex methods do. It indeed simply consists 

in determining a linear relation between the observed submerged bed levels coordinates and 

their expected values. 

The general accuracy, concerning both sub- and emerged situations does not look to 

be dependent either on the camera position and orientation or on the distance between the 

laser sheet and the camera. Nevertheless, caring for the precision of the calibration procedure 

is of the uttermost importance to provide accurate results. 

LPT was applied to a dam-break on an erodible bed in a flume with a 90° bend for 

which bed and water level measurements were made available to the scientific community. It 

showed that the monitoring of only a few profiles was sufficient to explain the development 



 

of the most important features of the final topography. Even if the limited spatial coverage of 

LPT certainly constitutes a major drawback, it is also a cornerstone for the procedure’s 

simplicity that, along with its cheapness, flexibility and good accuracy, makes it an interesting 

candidate for laboratory morphodynamics investigations, especially when it comes to fast 

transient flows. 
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Notation 

d50 = median grain diameter (m) 

ϵ0 = bed porosity (–) 

ρs = bed grain density (kg m−3) 

ρw = water density (kg m−3) 
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